iBirla Central Hibrarp 

PILANI {Jaipur Stat* ) 

Class No S^Ar^>*\3 
Book No ? 

Accession No - 33 X3 \ 




THE PREPARATION, PROPERTIES, 
CHEMICAL BEHAVIOR, AND IDENTIFICATION OF 

ORGANIC CHLORINE COMPOUNDS 



By Ernest Hamlin Huntress 
A Brief Introduction to the Use of Beilstein's 
Handbuch der organischen Chemie 

The Preparation, Properties, Chemical Behavior, and 
Identification of Organic Chlorine Compounds 
Tables of Data on Selected Compounds of Order III 

By Ernest Hamlin Huntress and the late Samuel Parsons Mulliken 

Identification of Pure Organic Compounds 

Tables of Data on Selected Compounds of Order I 

(Compounds of Carbon with Hydrogen or with Hydrogen and Oxygen) 



r 

THE PREPARATION, PROPERTIES, 
CHEMICAL BEHAVIOR, AND IDENTinCATION OF 

ORGANIC CHLORINE 
COMPOUNDS '' 


Tables of Data on 
Sdected Compounds of Order III 


By 

ERNEST HAMLIN HUNTRESS 

Professor of Organic Chemistry 
Massachusetts Institute of Technology 


NEW YORK • JOHN WILEY & SONS, INC. 
LONDON • CHAPMAN & HALL, LIMITED 
1948 



CoPTBIGHir 1948, BT 
John Wilb# A Sons, Inc. 

All nights Reserved 

This hook of any pari thereof must not 
be reprod^ed in any form wUho'ui 
the writtey, permission of the publisher. 

Copyright Canai a« 1948, International Copyright. 1948 
John itV ilet & Sons, Inc., Proprietor 

All Foreign Rights Reserved 
Repro^ction in whole or in part forbidden 


PBINTED IN THE UNITED STATES OF AMERICA 



PREFACE 


This volume represents the second to appear in the series of Tables of Data 
prepared by the present author. It presents in organized and conveniently 
usable form a summary of data on a selected list of organic compounds con- 
taining carbon and chlorine, or carbon, oxygen, and chlorine, or carbon, 
hydrogen, and chlorine, or carbon, hydrogen, oxygen, and chlorine. Such 
compounds may more briefly be described as comprising Order 3. 

Although users of its predecessor will immediately recognize many aspects 
of similarity in this book, they will also note in this volume certain differences. 
These distinctions are more fully discussed in Chapter I, but certain general 
aspects may be noted here. 

Whereas the treatment of Order 1 compounds was directed mainly toward 
the aspect of identification, and though this point of view is vigorously con- 
tinued, the present treatment of compounds of Order 3 has been expanded 
to include also the preparation, properties, and general chemical behavior of 
the individuals selected for treatment. 

A second major difference from the earlier volume is in the extent of refer- 
ence to the original literature or the corresponding abstracts thereof. This 
documentation is carried to a degree which may suggest to organic chemists 
that this volume comprises a Beilstein. The author hastens to disclaim any 
such degree of completeness for this work but does admit that for each com- 
pound selected a meticulous search of the literature through 1945 has furnished 
the basis for appropriate selection and systematic grouping of the aspects to 
be treated. 

A third important difference from the earlier volume is the inclusion of 
references to patents as well as scientific articles. Though such patent 
references are treated with reserve, it is believed that they will be of interest 
to all users and of special value to industrial chemists. Throughout the 
book emphasis is given to industrial aspects since the rapid growth of this 
field during the last two decades, particularly in the United States, has 
resulted in the production and large-scale utilization of many individual 
compounds of this order (3). 

A fourth type of difference in the present treatment as compared with that 
of Order 1 is seen in the tabulation of physical constants. In the earlier 
volume an attempt was made to select the “ best values. This process 
tended to conceal the magnitude and nature of the available constants from 
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which such selection was made and thus somewhat to weaken the degree of 
reliance to which the final selection was entitled. In the present volume all 
the relevant data on boiling points, melting points, densities, and refractive 
indices have been included, thus permitting the user to make such interpreta- 
tion of their consonance (or lack of it) as his particular needs may require. 
With certain exceptions, the amount of such physical data is surprisingly 
small, and no attempt to assess its reliability has been made except that 
instances where little effort to obtain pure products was demonstrated have 
usually been disregarded. 

A merely superficial inspection of this volume by a nonchemical user might 
give the erroneous impression that the text comprised only a compilation of 
reported data. Careful examination by organic chemists, however, will 
immediately disclose that its form of organization and mode of treatment 
are largely influenced by the nature of the chemistry involved. This is 
conspicuously shown by what might be called negative entries.’' Definite 
knowledge that a particular reaction has not been reported or that an indi- 
vidual compound does not appear in the systematic literature is often of 
real value. Many entries of this type appear in the current record. In this 
connection the dependence of chemists upon adequate and complete indexes 
to their original and especially to their abstract journals deserves emphasis. 
Ihe term unreported ” as used in this book signifies that the compound in 
question cannot be found by systematic use of the usual index sources. 
Undoubtedly, instances will arise in which a substance so characterized will 
be found to have been embedded in details of work with other principal 
objectives and thus to have escaped proper indexing in the abstract journals. 
The author will be grateful for information on any cases of this sort. 

An extended exposition of the principles involved in the formulation of 
this volume will be found in Chapter I. Special attention, however, may be 
directed to the exceptional care taken to facilitate the use of this book. For 
example, the volume includes (as Chapter XXIII) five kinds of indexes. 
These comprise not only the conventional alphabetical name index but also 
indexes of compounds by empirical formulas, by chemical types, and even by 
percentage chlorine and molecular weights. Moreover, throughout the text 
of the individual compounds there are inserted extremely frequent references 
to the related compounds which are necessarily involved. If these other 
compounds are themselves given detailed treatment in either this book 
(Order 3) or its precursor (Order 1), they are indicated by appropriate serial 
numbers so that no reference to either index is necessary. , If, however, such 
secondary compounds are not themselves treated in either book, reference to 
the corresponding volume and page of Beilstein's Handbuch der arganischen 
Chemie is made instead. 

A brief statistical survey of the content of this volume may be of interest. 
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PREFACE 


The 1320 individual compounds of Order 3 to which detailed text treatment 
is given are distributed among 366 groups of isomers. Of these 1320 com- 
pounds 366, i.e., 26.7% of the group, have been prepared so recently that 
they do not appear in the Fourth Edition of Beilstein at all. A total of 164 
cross-reference headings facilitate recognition of the melting points of high- 
boiling liquids, or the boiling points of compounds normally met with as solids. 

The total number of literature references in this volume is more than 
22,000, of which total 67% represent publications since 1919 (the last year 
for which both the main and first supplementary series of Beilstein^s Handbvch 
are complete), and 47% represent publications since 1929. The number of 
references associated with a given compound naturally varies widely. The 
highest number of references (621) is given for chloroacetic acid, followed by 
405 each for trichloroacetaldehyde and ethylene chlorohydrin. More than 
60 references are associated with each of 68 numbered compounds. 

The preparation of this volume has been a long and laborious operation. 
The author wishes to place on permanent record his deep appreciation of the 
conscientious, faithful, and accurate secretarial assistance given him over 
long periods by both Miss Shirley Ridgway and Miss Mildred Capodilupo 
and for a shorter period by Miss Ruth Volinn. 

The author is keenly aware that he cannot hope to satisfy in full the partic- 
ular interests of every user. There must necessarily exist differences of 
opinion on the relative importance of this or that compound, reaction, or 
derivative. However, if all possible objections were first to be overcome 
nothing would ever be accomplished, and the author hopes that any deficien- 
cies of this volume may to some extent be compensated by its merits. 

Furthermore, in a work of this kind and magnitude it is inevitable that, 
despite every good intention and every earnest and painstaking effort, actual 
errors of fact will still have escaped detection and correction. The author 
invites the friendly cooperation of all who discover any such flaws, meanwhile 
being consoled by the view expressed by the ancient Chinese writer Tai T^ung, 
who, some seven hundred years ago, issued his History of Chinese Writing 
with this statement: “ Were I to await perfection my book would never be 
finished. . . . The book awaits a wise and lofty spirit to correct and suppress 
where the text is in error, to add where it is defective, and to supply new 
facts where it is altogether silent. 

Ernest Hamlin Huntress 

Department op Chemistry 
Massachusetts Institute of Technology 
Jrdy 15, 1946 
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ABBREVIATIONS 


A 

[alo specific rotation at 20^ 

for D line 

A represents acid residue 

in whose description 
it occurs 


abs. 

absolute; absolutely 

abt. 

about 

abund. 

abundant 

abv. 

above 

Ac 

acetyl radical, i.e., 
CH 3 .CO— 

AcOEt 

ethyl acetate 

AcOH 

acetic acid (glacial ace- 
tic acid when unmodi- 
fied) 

AC 2 O 

acetic anhydride 

ac. 

acid 

acc. 

according 

acid. 

acidify, acidified, acidi- 
fication 

act. 

active 

addn. 0 ) 

addition (additional) 

adj. 

adjacent (e.g., 1,2,3) 

ale. 

alcohol (95% unless 
otherwise stated); al- 


aq. 

water or aqueous 

arom. 

aromatic 

assoc. (d) (n) 

associate(s) (associated) 
(association) 

B 

fi 

represents a molecule of 
the “ basic ” salt- 
forming compound in 
whose description it 
occurs 

B.B.N 0 . 

bromide-bromate num- 
ber 

bibl. 

bibliography 

bkn. 

“ broken ” (cf. color ter- 
minology) 

boilg. 

boiling 

b.p. 

boiling point (at atm. 
pressure unless speci- 
fied) 

Bu 

n-butyl 

bril. 

brilliant 

bm. 

brown 

Bz 

benzoyl, i.e., CeHs.CX) — 

BzOH 

benzoic acid 


C 


coholic 


aid. 

aldehyde 

alk.(y) 

alkali; alkaline; (alka- 


linity) 

aim. 

almost 

Am 

amyl 

ammon. 

ammoniacal 

amorph. 

amorphous 

amt.(s) 

amount (s) 

anal. 

analysis; analyses 

anhyd. 

anhydrous 

antir 

anti (stereomeric oppo- 


site of syn-) 

apprec. 

appreciable; appreci- 


ably 

approx. 

approximate; approxi- 


mately 


C 

Centigrade degrees 

e 

used to designate the 
compound in whose 
description it occurs 

calc.(d) (n) 

calculate (d) 

(calculation) 

cap. 

capillary 

cat. 

catalyst; catalytic; 
catalyzed 

cc. 

cubic centimeterfs) 

cf. 

compare 

eg. 

centigram (s) 

charac. 

characteristic 

chem. 

chemical 

cis- 

stereochemical opposite 
of (rans- 

cm. 

centimeter(8) 


XI 
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coeff. 

coefficient 

col.(n) 

color (coloration) 

comb.(d) (n) (g) 

combine (d) (combina- 
tion) (combining) 

comml. 

commercial 

compd. 

compound 

compn. 

composition 

conc.(d) (n) 

concentrate (d) (concen- 
tration) 

condens. 

condensation 

cond. 

condition (s) 

confrm.(n) 

confirm ; confirmatory 
(confirmation) 

const. 

constant 

cont.(s) (g) 

contain(s) (containing) 

conv.(n) 

convert (conversion) 

cor. 

corrected 

corresp. 

corresponding 

C.P. 

chemically pure 

cpd. 

compound 

crit. 

critical 

cryst.(n) (d) 

crystal (s) ; crystallize (s) 
(d); crystalline (crys- 
tallization) 

C.S.T. 

critical solubility tem- 
perature 

D 

(0 

derivative (used to intro- 
duce important de- 
rivatives for specific 
characterizations) 

(D) 

dark (following name of 
a broken color) 

Df 

density at 20® referred to 
water at 4® 

dr 

dextrorotatory 

dec.(d) (n) 

decompose (s) (decom- 
posed) (decomposi- 

tion) 

deliq. 

deliquesce (s), deliques- 
cent 

depolym.(d) (n) 

depolymerize(s) (depoly- 
merized) (depolymer- 
ization) 

deriv.(s) (d) (n) 

derivative (s) (derived) 
(derivation) 

desic. 

desiccator; desiccated 

detectn. 

detection 

detn.(d) 

determine; determina- 
tion (determined) 


diam. 

diameter 

dif. 

different; difference; 

difficultly 

dil.(td) (tg) (n) 

dilute (diluted) (dilu- 
ting) (dilution) 

dimin. 

diminish ; diminishing ; 
diminished; diminu- 
tive 

dis.(lvd) 

dissolve (dissolved) 

dissoc.(d) (g) (n) 

dissociate (d) (dissociat- 
ing) (dissociation) 

dist.(d) (g) (n) 

distil (led) (distilling) 

(distillation) 

distrib.(n) 

distribute (distribution) 

div.(n) 

divide (division) 

dk. 

dark 

d,l- 

racemic (by external 
compensation as con- 
trasted with meso) 

D.V. 

Duclaux Value 

E 

eas. 

easily 

efferv. 

effervesce ) ; efferves- 
cent 

equiv. 

equivalent 

espec. 

especially 

e8t.(d) (g) (n) 

estimate (s) (estimated) 
(estimating) (estima- 
tion) 

Et 

ethyl, i.e., CHS.CH 2 — 

Eton 

ethyl alcohol (generally 
refers to 95% if un- 
modified) 

eth. 

ether (generally means 
ordinary diethyl ether) 

evap.(d) (g) (n) 

evaporate (d) (evaporat- 
ing) (evaporation) 

evol.(n) 

evolve (s) (evolution) 

exam.(d) (n) 

examine (d) (examina- 
tion) 

expt.G) 

experiment (al) 

ext.(d) (g) (n) 

extract (s) (extracted) 
(extracting) (extrac- 
tion) 

F 

filt.(n) 

filter (s); filtrate (fil- 
tration) 

floe. 

flocculate; flocculent 

fluores. 

fluoresce (s); fluorescent 
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f.p. 

freezing point 

freq. 

frequently 

fract.(n) (d1) 

fraction ; fractionate 

(fractionation) (frac- 
tional) 

fum. 

fumaroid (stereochemi- 
cal opposite of 

maleinoid) 

fumg. 

fuming 

fus.(n) 

fuse(s), melt(s); fusi- 
ble; fusing (fusion) 

G 

g* 

gram(s) 

gem. 

geminate (said of two 
like groups attached 
to same atom) 

geom. 

geometrical 

gla«. 

glacial 

gr. 

green 

grad. 

graduate ; graduated ; 

gradually 

gran. 

granular; granulated 

H 

H.E. 

hydrolysis equivalent 

hexag. 

hexagon; hexagonal 

hr.(s) 

hour(s) 

ht.(d) (g) 

heat(ed) (heating) 

hydrol.(g) (zd) 

hydrolyze ; hydrolysis ; 
(hydrolyzing) (hydro- 
lyzed) 

hygros. 

hygroscopic 

ibid. 

1 

in the same place 

ident. 

identical; identity 

identif.(d) (n) 

identify (identified) 
(identification) 

i.e. 

that is 

immed. 

immediate; immediately 

impt. 

important 

inact. 

inactive; inactivated 

indef. 

indefinite 

indie. 

indicate; indicator; in- 
dicated 

inf. 

infinite 

inorg. 

inorganic 


insol. (y) 

insoluble (insolubility) 

irreg. 

irregular 

iriit.(n) 

irritating (irritation) 

isom.(d) (n) 

isomer; isomerize (iso- 


merized) (isomeriza- 
tion) 


K 

k 

ionization constant 


L 

(L) 

Light (modifying name 


of a broken color) 

f- 

laevorotatory 

1. 

liter(8) 

lft(8). 

leaflet (s) 

Igr. 

ligroin 

liq. 

liquid; liquefy 

It. 

light (of a color) 


M 

(M) 

medium (modifying 


name of a broken 
color) 

m. 

melt(s) 

m- 

meta 

mal. 

maleinoid (stereochemi- 


cal opposite of 

fumaroid) 

max. 

maximum 

Me 

methyl, i.e., CH3 — 

MeOH 

methanol, i.e., CH3OH 

m.e. 

milliequivalent 

mg. 

milligram (s) 

mic. 

micro 

microcryst. 

microcrystalline 

min. 

minute (s) ; minimum 

mini. 

mineral 

misc. 

miscellaneous; miscible 

mixt. 

mixture (s) 

mod. 

moderate 

modifn. 

modification 

mol. 

molecular 

monoclin. 

monoclinic 

ml. 

milliliter 

mm. 

millimeter 

m.p. 

melting point 

ms 

meso- 
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xiv 


N 


N 

normal (equivalents per 
liter) 

n 

normal 

n§ 

refractive index at 20® 
for D line of sodium 

ndl.(8) 

needle (s) 

neg. 

negative 

Neut. Eq. 

neutralization equiva- 
lent 

neut.(zd) 

neutral (neutralized) 

no.* 

number 

non-fus. 

non-fusible 

non-vol. 

non-volatile 

0 

0- 

ortho 

obs.(d) (n) 

observe (d) (observa- 

tion) 

obt.(d) 

obtain (ed) 

opt. 

optical 

optim. 

optimum 

or. 

orange- 

ord. 

ordinary 

orig. 

original; originally 

org. 

organic 

oxid.(g) (n) 

oxidize (s) (oxidizing) 


(oxidation) 


P 


® 

preliminaiy test 

p. 

para 

perm. 

permanent 

pet. 

petroleum 

Ph 

phenyl, i.e., CeHs— 

phys. 

physical 

physiol. 

physiological 

Pk 

picryl, i.e., 2,4,fi.tri- 

nitrophenyl- 

PkOH 

picric acid 

pi. 

plate (s) 

polym.(n) 

polymer; polymerize; 
polymerized (poly- 
merization) 

pos. 

positive 

powd. 

powder; powdered 

ppt.(d) (g) (n) 

precipitate (d) (precipi- 
tating) (precipita- 

tion) 

Tt 

propyl 


pr. 

prism (s) 

pract. 

practically 

prep.(d) (g) (n) 

prepare (d) (preparing) 
(pi'eparation) 

pres. 

presence 

press. 

pressure 

prim. 

primary 

prin. 

principal 

prismat. 

prismatic 

prob. 

probably 

proc. 

procedure 

prod. 

product; produce; pro- 
duced 

prop. 

property; properties 

pt.(8) 

part(s) 

pulv.(d) 

pulverize (d) 

pung. 

pungent 

purif.(d) (g) (n) 

purify (purified) (puri- 


fying) (purification) 


Q 


quad. 

quadratic 

qual. 

qualitative; qualita- 

tively 

quant. 

quantity; quantitative; 
quantitatively 

qual. 

quaternary 

q.v. 

quod vide (which see) 

R 

rac. 

racemic 

rap. 

rapid; rapidly 

reactn. 

reaction (s) 

reagt.(B) 

reagent (s) 

rearr. 

rearrange (s); rearrange- 
ment 

recommd. 

recommend; recom- 

mended 

recry8t.(d) (g) (n) 

recrystallize (d) (recrys- 
tallizing) (recrystal- 
lization) 

rect. 

rectangular 

redis. 

redissolve 

reduc.(d) (g) (n) 

reduce (d) (reducing) 
(reduction) 

ref. 

reference 

reminis. 

reminiscent 

reppt.(d) (g) (tn) 

reprecipitate (d) (repre- 
cipitating) (reprecipi- 
tation) 
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ABBREVIATIONS 


resid. 

residue; residual 

resin. 

resinify; resinification 

resp. 

respectively 

rhomb. 

rhombic 

Sap. Eq. 

S 

saponification equiva- 
lent 

8apon.(d) (g) (n) 

saponify (saponified) 

(saponifying) (saponi- 
fication) 

sat.(d) (g) (n) 

saturate (d) (saturating) 
(saturation) 

sec. 

second (s) 

sec. 

secondary 

sect. 

section 

sep.(d) (g) (n) 

separate (d) (separating) 
(separation) 

sft.(n)(8) 

soft; soften (s) 

shak.(g) (n) 

shake (shaking) (shaken) 

sint.(d) 

sinter (s) (sintered) 

si. 

slightly 

sld. cap. 

sealed capillary 

S.N. 

system number (Beil- 
stein) 

spar. 

sparing ; sparingly 

sol.(n) (y) 

soluble (solution) (solu- 
bility) 

solv. 

solvent (s) 

Bp.gr. 

specific gravity 

sq. 

square 

8ubl.(g) 

sublimes; sublimate; 

subliming; sublima- 
tion 

subl. w.m. 

sublimes without melt- 
ing 

subseq. 

subsequent 

Bubst. 

substance; substanti- 
ally; substituted 

suff. 

suffices; sufficient 

supersat.(d)(g)(n) 

supersaturate (d) (super- 
saturating) (super- 

saturation) 

St. 

steam 

B.t. 

sealed tube 

stdg. 

standing 

aunt. 

symmetrical 

ayn^ 

stereochemical opposite 
of antir 

syst. 

system; systematic; 

systematically 



T 

T 

Numbered Test 

tbl.(s) 

tablet(s) tabular 

tech. 

technical 

temp. 

temperature 

theor. 

theoretical 

therm. 

thermometer 

T.N.B. 

1,3,5-trmitrobenzene 

T.N.T. 

2,4, 6-trinitrotoluene 

Ur- 

tertiary 

trana- 

stereochemical opposite 


of cw- 

transf. 

transfer; transform 

tt. 

test tube 


U 

U.C. 

uncorrected 

undec. 

undecomposed 

undislvd. 

undissolved 

unoxid. 

unoxidized 

unsal. 

unsaturated 

unaym. 

unsymmetrical 

U.S.P. 

United States Pharma- 


copoeia 

U.V. 

ultra violet 


V 

vac. 

vacuum 

vap. 

vapor; vaporize 

var. 

variable 

vie. 

vicinal (adjacent) 

vig. 

vigorous; vigorously 

viol. 

violent; violently; vio- 


let 

vise. 

viscous 

volat.(g) (n) 

volatile (volatilizing) 


(volatilization) 

volumin. 

voluminous 


W 

warm. 

warming 

wh. 

white 

wt. 

weight 


Y 

yel. 

yellow 




MEMORANDUM OF CERTAIN 1946-1947 REFERENCES 
NOT INCORPORATED IN REGULAR TEXT 


The regular text of this book is made up of references selected from the 
chemical literature through the year 1945. Owing to the disturbed postwar 
conditions of the publishing and printing trades, and also to the exceptional 
difficulty and magnitude of this work, almost three years have elapsed since 
the termination of the period of writing of the organized text. Inevitably, 
there have appeared during this period many scientific papers whose content 
would gladly have been incorporated appropriately in the regular text. For 
practical reasons, however, such continuous adjustment was obviously impos- 
sible. 

In an effort to avoid so far as possible complete loss of such material, 
however, certain of the more important papers which have come to the atten- 
tion of the author during the 1946-1947 period have been listed in the following 
supplementary bibliography. Articles relevant to more than a single num- 
bered compound are cited under the first in such a numerical series, cross- 
references being given under subsequent compounds to avoid excess duplication 
of references. In the interests of brevi^^y, clarity, and consistency of nomen- 
clature, slight modifications of the actual titles of the original papers have 
sometimes been made for purposes of this listing. 

General 

( 1 ) Table of azeotropes and nonazeotropes 

Horsley, Ind. Eng. Chem., Anal. Ed. 19, 608-600 (1947) 

This extraordinary 92-page compilation with its accompanying formula index and 
bibliography of 172 references is so generally valuable and includes so many of the 
serially numbered compounds of this book that it is placed at the head of this sup- 
plementary reference list without further cross-reference to it from subsequent entries 
below. 

3:0076 6-Chloro-n-yaleric acid 

( 2 ) Isomeric chlorinated long-chain esters 

Guest, J. Am. Chem. Soc. 69, 300-302 (1947) 

— Methyl 6-chloro-n-vaIerate; b.p. 89-92® at 18 mm. [From 6 -chloro-n-valeronitrile 
80% H 2 SO 4 refluxed 50 hr.] 

3:0335 a-Chloroisobutyric acid 

( 3 ) The chloro- and bromoisobutyronitriles 

Stevens, J. Am. Chem. Soc. 70, 166 (1948) 

® a-Chloroisobutyramide: cryst, from EtOAc, ra.p. 115-118®; from aq., m.p. 117-119®. 
[From a-chloroisobutyryl chloride (3:5385) with cone. NH4OH at 10® in 70% yield.] 

3:0380 Chloromaleic anhydride 

(4) Use of C in determination of conjugated diolefins 

Putnam, Moss, Hall, Ind. Eng, Chem., Anal. Ed^ 18, 628-630 (1946) 

xvii 
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3:9499 /S-Chloropropionic acid 

(5 ) Convenient synthesis ot /9-chloropropionitrile (from acrylonitrile with hydrogen chloride) 

Stewart, Clark, J. Am. Chem. Soc. 99| 713-714 (1947) 

8:9883 a-Chloro-diphenylacetyl chloride 

(6) C as reagent for preparation of benzilic acid esters of tertiary amino alcohols 

King, Holmes, J. Chem. Soc. 1947, 164-168; C.A. 41, 6121 (1947) 

3:1139 Trichloroacetic acid _ 

(7 ) Kinetics of the decomposition of certain salts of C in ethanol-water mixtures 

Hall, Verhoek, J. Am. Chem. Soc. 69, 613-616 (1947) 

(8) Kinetics of the decomposition of C in formamide-water mixtures 

Cochran, Verhoek, J. Am. Chem. Soc. 69, 2987-2988 (1947) 

3:1319 Phenacyl chlori(U 

(9) The reaction of C with phenylhydrazine 

van Alphen, Rec. trav. chim. 63, 112-116 (1946); C.A. 41, 409 (1947) 

3:1879 Chloroacetic acid 

(10) New method for the detection and determination of C (using pyridine) 

Ramsey, Patterson, J. Aeaoc. Ojffic. Agr. Chemieta 29, 100-111 (1946); C.A. 49, 3369 
(1946) 

(11) Effect of pH on rate of hydrolysis of C 

Berhenke, Britton, Ind. Eng. Chem. 38, 544-646 (1946) 

3: 1429 l,l,l-Trichloroi2,2-diphenylethane 

(12) Derivatives of C 

Haskelberg, Lavie,. J. Am. Chem. Soc. 69, 2267-2268 (1947) 

(13) Symmetrical analogues of DDT 

Stephenson, Waters, J. Chem. Soc. 1946. 339-343; C.A. 49, 6040 (1946) 

3 : 3298 l,l,l-Trichloro-2,2-df5- (^-chlorophenyl )ethane C* DDT ** ) 

(14) Methods of preparation of C 

Bailee, J. Chem. Education 22, 122 (1945); C.A. 41, 3085 (1947) 

(16) Preparation of technical C 

Mosher, Cannon, Conroy, Van Strien, Spalding, Ind. Eng. Chem. 38, 916-923 (1946) 

(16) Preparation of C using HF as condensing agent 

Simons, Bacon, Bradley, Cassaday, Heegberg, Tarrant, J. Am. Chem. Soc. 68. 1613- 
1616 (1946) 

(17) Production of C 

Castonguay, Ferm, Trana. Kanaaa Acad. Sd. 49, 167-174 (1946); C.A. 41, 2409 (1947) 

(18) Synthesis of C with chlorosulfonic acid as condensing agent 

W. A. Cook, K. H. Cook, W. H. C. Rueggeberg, Ind. Eng. Chem. 39, 868-870, 1683 
(1947) 

(19) A colorimetric method for microdetermination of C (xanthydrol/KOH /pyridine method) 

Stiff, Castillo, Science 191, 440^43 (1946); C.A. 39, 2830 (1945) 

(20) Determination of C in organs and body fluids after oral administration (xanthydrol/- 
KOH/pyridine method) 

Stiff, Castillo, J. Biol. Chem. 139, 546-648 (1945); C.A. 39, 4696 (1945) 

(21) Application of xanthydrol/KOH/pyridine method to the determination of C in water 

Castillo, Stiff, Military Surgeon 97, 60(>“602 (1946); C.A. 49, 2561 (1946) 

(22) Field test for surface C 

Stiff, Castillo, Ind. Eng, Chem., Anal. Ed. 18, 316-317 (1946) 

(23) Chemical methods for analysis of C 

Ginsberg, J. Econ. Entpmol. 39, 174-177 (1946); C.A. 49, 4842 (1946) 

(24) Colorimetric determination of p,p'-i8omer in technical C 

Charkin, Ind. Eng. Chem., Anal. Ed. 18, 272-273 (1946) 

(25) Determination of p.pMsomer in technical C 

Cristol, Hayes, Haller, Ind. Eng. Chem., Anal. Ed. 18, 339 (1946) 

(26) Determination of p,p'-isomer in technical C 

Balaban, Calvert, Ind. Eng. Chem., Anal. Ed. 18, 339 (1946) 

(27) Determination of p,pMsomer in technical C by a microscopical method 

. McCrone, Smedd, Gilpin, Ind. Eng. Chem., Anal. Ed. 18, 678-682 (1946) 

(28) Determination of C in dusts and oil solutions 

La Clair, Ind. Eng. Chem., Anal. Ed. 18, 763-766 (1946) 
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(29) Determination of C as spray residue on fresh fruit by three independent methods 

Wichmann, Patterson, Clifford, Klein, Clabom, J. Assoc. Qtflc. Agr, ChemisU 29, 
188-190 (1946); C.A. 40, 6706 (1946) 

Method 1. Organic chlorine determinations 
Klein, Wichmann, ibid. 29, 191-195 (1946); C.A, 40, 6706 (1946) 

Method 2. The Shechter>Haller colorimetric procedure 
CUfford, ibid. 29, 196-206 .(1946); C.A. 40, 6706 (1946) 

Method 3. 2,4-Dinitrophenylhydrazin6 method 
Claborn, Patterson, ibid. 29, 206-218 (1946); C.A. 40, 6706 (1946) 

(30) Decomposition and volatility of C and some of its derivatives 

Wichmann, Patterson, Clifford, Klein, Claborn, J. Assoc. Offic. Apr. ChemiaU 29, 
218-233 (1946); C.A. 40, 6740 (1946) 

(31) Colorimetric determination of C in milk and fatty materials 

Shechter, Pogorelskin, Haller, Ind. Eng. Chem., Anal. Ed. 19, 61-63 (1947) 

(32) Estimation of C in milk by determination of organic chlorine 

Carter, Jnd. Eng^ Chem.^ Anal. Ed. 19, 64 (1947) 

(33 ) Determination of C by Shechter procedure, particularly in milk and fats 

Clifford, J. Asaoc. Ojffic. Agr. Chemiat^ZO, 337-349 (1947); C.A. 41, 6839 (1947) 

(34) Nature of the by-products in technical C 

Giltsi, Stammbach, Ilelv. Chim. Acta. 29, 603-672 (1946); Expenenlia 1, 276 (1945); 
C.A. 40, 6040-6041 (1946) 

(35) Simple purification procedure for C 

K. H. Cook, W. A. Cook, J. Am. Ckenu Soc. 68, 1663-1664 (1946) 

(36) Applications of infrared spectroscopy to C 

Downing, Freed, Walker, Patterson, Ind. Eng. CAcm., Anal. Ed. 18, 461-467 (1946) 

(37) Some derivatives of C 

Backeberg, Marais, J. Chem. Soc. 1946, 803-806; C.A. 40, 1166, 6717 (1946) 

(38) Bromine analogs of C 

Cristol, Haller, J. Am. Chem. Soc. 68, 140-141 (1946) 

(39) Crystal structure of C and relatives 

Wild, Brandenberger, Helv.Chim. Acta 29, 1024-1040 (1946); C.A. 41, 428 (1947) 

(40) Synthesis of some analogs of C 

Kirkwood, Dacey, Can. J^Reaearch 24-B, 69-72 (1946); C.A. 40, 6717 (1946) 

(41) Catalytic decomposition of C 

Flenner, J. Am. Chem. Soc. 68, 2399 (1946) 

(42) Inhibition of catalyzed thermal decomposition of C 

Gunther, Tow, J. Soc. Chem. Jnd. 66, 67-69 (1947); C.A. 41, 5675 (1947) 

(43) Dehydrohalogenation of C 

Wain, Martin, Nature 159, 68-69 (1947); C.A. 41, 2715 (1947) 

(44) Estimation of C by methods depending upon dehydrohalogenation 

Wain, Martin, Analyat 72. 1-6 (1947); C.A. 41, 2198 (1947) 

(46) Preparation of di-(p-chlorophenyl)acetic acid from C 

Grummitt, Buck, Egan, Org. Syntheaea 26, 21-23 (1946) 

(46) Reactions of C and associated compounds 

Forrest, Stephenson, Waters, J. Chem. Soc. 1946, 333-339; C.A. 49, 6038-6040 (1946) 

(47) Crystallization of C from binary melts 

Gilpin, McCrone, Smedal, Grant, J. Am. Chem. Soc. 79, 208-211 (1947) 

9:3329 l,l-I>ichloro-2,2-&i5-(^-chlorophen7l)ethane (**DDD’*) 

(48) Anhydrous FeCls as rearrangement catalyst for some chlorinated diphenylethanes 

Fleck, J. Org. Chem. 12, 708-712 (1947) 

9 : 3380 4,6>Dichlorore8orciiiol 

(49) For preparation of isomeric 2,4-dichlororesorcinol see 

Pectynin, Kuchina, J. Oen. Chem. {U.S.S.R.) 17. 278-282 (1947); C.A. 42, 634-636 
(1948) 

8:39M ^-Phenylphenacyl chloride 

(60) Conversion of C to p-phenylphenacyl iodide 

Rheinboldt, Perrier, J. Am. Chem. Soc. 69, 3148—3149 (1947) 

3:4995 2,4-Dichlorophenoxyacetic acid 

(61) reparation of C from phenol and chloroacetic acid 

Ebel, Bell, Fries, Kasey, Berkebile, J. Chem. Education 24, 449 (1947) 
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(62) 

(63) 

(64) 

8:4375 

(-) 

3:4410 

( 66 ) 

( 66 ) 

(67) 

( 68 ) 
(69) 
(60) 
(61) 

3:4612 

(— ) 

3:4835 

(62) 


3:4947 

(63) 

(64) 

(65) 

3:4990 

(-) 

3:5000 

( 66 ) 

(67) 

( 68 ) 


(69) 

3:5028 

(70) 

(71) 

3:5042 

(-) 

3:5050 

(72) 

(73) 


Determination of C and its compounds in commercial herbicides 
Rooney, Jnd, Eng. Chem., Anal. Ed. 19, 476-476 (1947) 

The halogenation of aryloxyacetic acids and their homologs 
Haskelberg, J. Org. Chem. 12, 426-433 (1947) 

Preparation of 2, 4-dichlorophenoxy acetyl chloride 
Freed, J. Am. Chem. Soc. 68, 2112 (1946) 

^-Chlorophenoxyacetic acid 
See reference (63) under 3:4095 (above). 
cfs-l,2,3,4,6,6-Hexachlorocyclohezane 
Preparation of the benzene hexachlorides 

Gunther, Chemistry <fc Industry 1946, 399; C.A. 41, 1625 (1947) 

Infrared spectroscopic analysis of five isomers of C 

Daasch, Ind. Eng. Chem., Anal. Ed. 19, 779-785 (1947) 

Kinetics of the alkaline dehydrochlorination of the benzene hexachloride isomers 
Cristol, J. Am. Chem. Soc. 69, 338-342 (1947) 

Alkaline degradation of benzene hexachlorides 

Gunther, Blinn, J. Am. Chem. Soc. 69, 1215-1216 (1947) 

The gamma isomer of hexachlorocyclohexano 

Slade, Chemistry & Industry 1945, 314-319; C.A. 40, 2257-2259 (1946) 

The epsilon isomer of hexachlorocyclohexane 

Kauer, DuVall, Alquist, Ind. Eng. Chem. 39, 1334-1338 (1947) 

Determination of hexachlorocyclohexane is Impregnated cloth 
Goldenson, Sass, Ind. Eng. Chem., Anal. Ed. 19, 320-322 (1947) 
Di-(^~chlorophenyl)acetic acid 

Preparation from “DDT”; see reference (46) under 3:3298 (above) 

Hezachloroethane 

Preparation of C by chlorination of liquid 1,1,2,2-totrachloroethane and pentachloro- 
ethano 

Pearce, Can. J. Research 24-F, 369-379 (1946); C.A. 40, 7151 (1940) 
Tetrachlorophthalic anhydride 
Reactions and uses of C 
Lawlor, Ind. Eng. Chem. 39, 1419-1423 (1947) 

Tetrachlorophthalic anhydride, acid and salts 
Lawlor, Ind. Eng. Chem. 39, 1424-1426 (1947) 

The esterification of C 

Nordlandcr, Cass, J. Am. Chem. Soc. 69, 2679-2682 (1947) 

frans-l,2,3,4,5,6-Hexachlorocyclohezane 

See references (56)-(61), inclusive, under cw-isomer (3:4410) (above) 

Carbonyl chloride (Phosgene) 

Heat capacity, entropy, vapor pressure, and heats of fusion and vaporization of C 
Giaque, Jones, J. Am. Chem. S^. 70, 120-124 (1948) 

Preparation of benzoic acid from C with benzene 

Rueggeberg, Frantz, Ginsburg, Ind. Eng. Chem. 38, 624-626 (1946) 

Reaction of C with tertiary aminos under conditions for formation of tetrasubstituted 
ureas 

Lastovskii, J. Applied Chem. {U.S.S.R.) 19, 440-444 (1946); C.A. 41, 1214 (1947) 
Reaction of C with o-aminobenzoic acid (to give 72-75% yield isatoic anhydride) 
Wagner, Fegley, Org. Syntheses 37, 46^47 (1947 ) 
frans-l,2-Dichloroethylene 

Condensation of alkyl chlorides with polychloro-olefins 
Schmerling, J. Am. Chem. Soc. 68, 1655-1657 (1946) 

Reaction of C with isobutane 
Schmerling, J. Am. Chem. Soc, 70, 379-381 (1948) 
cis-l ,2-Dichloroethylene 

See references (70) and (71) under <mn«-isomer (3:5028) (above) 

Chloroform 

The addition of polyhalomethanes to olefins 
Kharasch, Jensen, XJrr^ J. Am. Chem. Soc. 69, 1100-1105 (1947) 

Compound formation of C with pyridine 
Davidson, Van der Werf, Boatright, J. Am. Chem. Soc. 69, 3045-3047 (1947) 
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3 : 6100 Carbon tetrachloride 

( — ) See references (72) and (73) under chloroform (3:5050) (above) 

(74) Analysis of the system benzene/ethanol/carbon tetrachloride (by refractive indices and 
densities) 

Campbell, Miller, Can. J. Research 25-B, No. 3, 228-242 (1947); C.A. 41, 6839 (1947) 

3:5110 1,2-Dichloropropene-l (low-boiling stereoisomer) 

( — ) See reference (70) under 3: 5028 (above) 

3 : 5130 1,2-Dichloroethane 

(75) Reaction of C with benzene 

Korshak, Kolesnikov, Kharchevnikova, Compt. rend. acad. aci. U.R.S.S. 50, 169-172 
(1947); C.A. 43, 545 (1948) 

3:5150 1,2-Dichloropropene-l (high-boiling stereoisomer) 

( — ) See reference (70) under 3:5028 (above) 

3 : 5170 1,1,2-Trichloroethylene 

( — ) See reference (70Ji under 3:5028 (above) 

(76) Dimerization of C 

Henne, Ruh, J. Am. Chem. Soc. 69, 279-281 (1947) 

3 : 5190 2,3-Dichloropropene-l 

( — ) See reference (70) under 3: 5028 (above) 

3:5210 Trichloroacetaldehyde 

(77) Determination of CJ in technical chloral 

Harrington, Boyd, Cherry, Analyst 71, 97-^07 (1946); C.A. 40, 3368 (1946) 

(78) Determination of small amounts of water in C 

Shaw, Bruce, Ind. Eng. Chem., Anal. Ed. 19, 884-885 (1947) 

(79) Hydrolysis of C in heavy hydrogen water 

Lander, Wright, Nature 168, 381 (1946); C.A. 41, 1998 (1947) 

3:5220 2,3-Dichlorobutadiene-l,3 

(80) Preparation of C from tri-, tetra-, and pentachlorobutanes 

Klcbanskii, Beleii’kaya, Chevychalova, J. Applied Chem. {U.S.S.R.) 19, 200-206 
(1946); C.A. 41, 685 (1947) 

( — ) See reference (85) under 3: 5350 (below) 

3:5280 1,3-Dichloropropcne-l _ 

(81) The cis- and frans-isomers of C 

Andrews, Kepner, J. Am. Chem. Soc, 69, 2230^231 (1947) 

(82) The catalytic hydrolysis and characterization of C 

Hatch, Roberts, J. Am. Chem. Soc. 68, 1196-1198 (1946) 

( — ) See reference (70) under 3: 5028 (above) 

3:5330 1,1,2-Trichloroethane 

(83) Ternary liquid and binary vapor equilibrium of the system: acetone/water/C 

Treybal, Weber, Daley, Ind. Eng. Chejn. 38, 817-821 (1946) 

3:5350 3,4-Dichlorobutene-l 

(84) Preparation of C from butadiene- 1,3 with clilorine 

Taylor, Morey, Ind. Eng. Chem. 40, 432-435 (1948) 

(85) Dehydrochlorination of C to 2-chlorobutadiene-l,3 

Klebaiiskii, Sorokina, Khavin, J. Gen. Chem. {U.S.S.R.) 17, 235-252 (1947); C.A. 
42, 514-516 (1948) 

3 : 5358 3-Chloro-l,2-epo^propane (** Epichlorohydrin ” ) 

(86) Condensation of C with phenols in presence of BF3 

E. Levas, H. LeFebvre, Ccmpt. rend. 222, 555-557 (1946); C.A. 40, 3737 (1946) 

H. LeFebvre, E, Levas, Mme. E. Levas, Compt. rend. 2^, 1439-1440 (1946); C.A» 
40, 5712 (1946) 

3:5425 Chloroacetone _ 

(87) Condensation of C with formaldehyde 

Hurd, McPhee, Morey, J. Am. Chem. Soc. 70, 329—331 (1948) 

8:5430 a,a-Dichloroacetone 

(— ) See reference (87 ) under 3 : 5426 (above) 
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l,3-Dichlorobutene-2 

(88) Oxidation of C with aqueous HNO| or Ca(NOs)i 

Isasulyants, Mkryan, Bull. Armenian Branch Acad. Sci, U.S.S.R.t 1944» No. 6/6, 
17-21; C.A. 40, 3402 (1946) 

j^(89) Preparation of bis- (3-chlorocrotyl) barbituric acid from C 

Tatevosyan, Tuteryan, Bull, Armenian Branch Acad. Sci. U.S,S.R., 1944, No. 6/6, 
29-36; C.A. 40, 3404 (1946) 

(90) Gaseous products of action of zinc dust on C 

Tatevosyan, Vardanyan, Bull. Armenian Branch Acad. Sci. U.S.S.R., 1041, No. 8, 
76-78; C.A. 40, 3394 (1946) 

(91) Reaction of C with aromatic hydrocarbons 

Isagulyants, Muscheghian, Compt. rend. acad. ad. U.R.S.S. 60, 166-168 (1947); 
C.A. 42, 530 (1948) 

8:6652 S-Chloroethanol-lJethylene chlorohydrin) 

(92) Determination of C (by hydrolysis and determination of chloride ion) 

Uhrig, Ind. Eng. Chem., Anal. Ed. 18, 469 (1946) 

(93) Preparation and properties of /9-chloroethyl esters of boric, silicic, and phosphoric acids 

Jones, Thomas, Pritchard, Bowden, J. Chem. Soc. 1946, 824-827; C.A. 41, 390-391 
(1947) 

(94) Analysis of water-soluble chlorohydrins 

Trafelet, Analytical Chemistry 20, 68-69 (1948) 

8:6690 l,3-Dichloro-8-methylpropene-l _ 

(95) Preparation of ds and trana isomers of C 

Hatch, Russ, Gordon, J. Am. Chem. Soc. 69, 2614-2616 (1947) 

8 : 6688 3-Chloro-2- (chloromethyl )propene-l 

( — ) See reference (95) under 3:5590 (above) 

3 : 6725 l,4-Dichlorobutene-2 

( — ) Preparation of C from butadiene- 1,3 with chlorine 
See reference (84) under 3:5350 (above) 

( — ) Dehydrochlorination of C to 2-chlorobutadiene-l,3 
See reference (85) under 3:5350 (above) 

8:6760 1,1,8,8-Tetrachloroethane (acetylene tetrachloride) 

(96) liquid-vapor and liquid-liquid equilibrium of systems containing isobutyl alcohol and C 

Fritzsche, Stockton, Ind. Eng. Chem. 38, 737-740 (1946) 

(97) Determination of C in air 

Goldenson, Thomas. J. Ind. Hyg. Toxicol. 29, 14-22 (1947); C.A. 41, 1678 (1947) 

( — ) Chlorination of C as source of hexachloroethane 
See reference (62) under 3:4835 (above) 

3 : 6880 Pentachloroethane 

( — ) Chlorination of C as source of hexachloroethane 
See reference (62) under 3:4836 (above) 

8 : 6886 l,8,3-Trichloro-2-methylpropane 

( — ) See reference (95) under 3:5590 (above) 

8 : 5900 l,3-Dichlorobutanone-2 

(98) Formation of C from ethyl methyl ketone by vapor-phase chlorination 

Rabjohn, Rogier, J. Org, Chem, 11, 781-787 (1946) 

8 : 6910 a,a jS-Trichloro-n-butyraldehyde (** Butyrchloral ’’) 

(99) Reaction of C with Grignard reagents 

Floutz, J, Am. Chem. Soc, 68, 2490-2491 (1946) 

8 : 5960 m-Dichlorobenzene 

(100) Synthesis of 2,4-dichloropropiophenone 

Sheehan, J. Am, Chem. Soc. 68, 1672 (1946) 

8:6986 l,8-Dichloropropanol*2 (**a’^ic]ilorohydri]i”) 

(101) Activated C; a new colorimetric reagent for vitamin A 

Sobel, Werbin, Ind. Eng. Chem., Anal, Ed. IS, 570-673 (1946) 

(102) Determination of vitamin A with activated C: a comparison with spectrophotometrio 
and SbCU methods 

Sobel, Werbin, Ind. Eng. Chem., Anal. Ed. 19, 107-112 (1947) 
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3 : 6337 Ethyl a-chlorotcetate 

(103) Behavior of C with arylhydrazines 

van Alphen, Bee. trav. chim. 64, 306-308 (1946); C.A. 41, 407 (1947) 

8:6666 ^-Chiorobenzoyl chloride 

(104) Conversion of C with pyridine to p-chlorobenzoic acid 

Allen, Kibler, McLachlin, Wilson, Org. Syntheses 36, 1-3 (1946) 

8:6878 1-Chloronaphthalene 

(106) 1-Halonaphthalenes in the Friedel-Crafts reaction 

Jacobs, Winstein, Ralls, Robson, J. Org, Chem. 11, 27-33 (1946) 

3:7006 Methyl chloride 

(106) Determination of 0 in air 

Franklin, Gunn, Martin, Ind. Eng. Chem., Anal. Ed. 18, 314-316 (1946) 

(107) Preparation of C (free from dimethyl ether) 

Keck, Courtoy, BuU. soc. chim. Belg. 66, 66-71 (1947); C.A. 41, 6624 (1947) 

3:7010 Vinyl chloride 

(108) Condensation of alkyl halides with monohalo-olchns 

Schmerling, J. Am. Chem. iSoc..68, 1660-1664 (1946) 

3:7016 Ethyl chloride 

( — ) See reference (70) under 3:6028 (above) 

3 : 7030 2-Chloropropene-l 

( — ) See reference (108) imder 3:7010 (above) 

3:7036 8-Chloropropane (isopropyl chloride) 

( — ) See reference (70) under 3:5028 (aljove) 

( — ) See reference (108) under 3: 7010 (above) 

8:7036 3-Chloropropene-l (allyl chloride )_ 

(109) Commercial-scale manufacture of C and of allyl alcohol from propylene 

Fairbairn, Cheney, Cherniavsky, Chem. Eng. Progress 43, No. 6; Trans. Am. Inst. 
Chem. Engrs. 280-290 (1947); C.A. 41, 5090 (1947) 

(110) Conversion of C with Mg to hexadiene-1,6 (biallyl) in 56-65% yield 

Turk, Ch&n&n, Org. Syntheses 37, 7-9 (1947) 

(111) Condensation of C with aromatic hydrocarbons or aryl halides to give l-aryl-2-chloro- 
propanes 

Patrick, McBee, Hass, J. Am. Chem. Soc. 68, 1009-1011 (1946) 

( — ) See reference (108) under 3:7010 (above) 

3 : 7046 1-Chloropropane ■ (n-propyl chloride ) 

( — ) See reference (70) under 3:6028 (above) 

3:7046 2-Chloro-2-methylpropane (fer-butyl chloride) 

( — ) See reference (70) under 3 : 5028 (above) 

( — ) See reference (108) under 3:7010 (above) 

(112) The AlCls-catalyzed addition of C to propylene 

Miller. J. Am. Chem. Soc. 69, 1764-1768 (1947) 

(113) The condensation of C with cyclohexene 

Schmerling, J. Am. Chem. Soc. 69, 1121-1126 (1947) 

(114) Formation of C by addition of hydrogen chloride to isobutylene 

Mayo. Katz, J.Am. Chem. Soc. 6^1339-1348 (1947) 

(116) The hydrolysis of C in 96% water/5% acetone solution 
Swain, Ross. J. Am. Chem. Soc. 68, 668-661 (1946) 

3:7066 Acetyl chloride 

(116) Ketene dimers from acid halides 

Sauer, J. Am. Chem. Soc. 69, 2444—2448 (1947) 

8:7080 2-Chlorobutadiene-l,3 (Chloroprene) 

( — ) See reference (86) under 3:6350 (above )^ 

(117) Composition and structure of dimers of C 

Klobanskii, Denisova, J. Gen. Chem. {U.S.S.R.) 17, 703-716 (1947); C.A. 43, 1215 
(1948) 

3 : 7086 Chloromethyl methyl ether 

(118) Reaction of C with terpenes 

Allard, Bull. soc. chim. France 1047, 731—735; C.A. 43, 890 (1948) 
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3:7176 Propionyl chloride 

( — ) See reference (100) under 3:5960 (above) 

(—) See reference (1X6) under 3:7066 (above) 

3:7210 l>Chlorobutadiene-l,3 

(119) Synthesis and properties of C 

Petrov, Sopov, J. Gen. Chem. (U.S.S.R.) 15, 981-987 (1946); C.A. 40, 6406 (1946) 

( — ) See reference (85) under 3: 5350 (above) 

3:7220 2-Chloro-2-mcthylbutane (fer-amyl chloride) 

( — ) See reference (108) under 3: 7010 (above) 

3:7370 n-But]rryl chloride 

( — ) See reference (116) under 3:7065 (above) 

3 : 7465 4-Chloro-2-meJhylbutene-2 

(120) Formation of C from isoprene by addition of HCl 

Jones, Chorley, J. Chem. Soc. 1946, 832-833; C.A. 41, 386 (1947) 

3:7560 Isovaleryl chloride 

( — ) See reference (116) under 3: 7065 (above) 

3:7598 3-Chlorobutanone-2 

( — ) See reference (98) under 3: 5900 (above) 

3:7650 1,3-Dichlorobutene-l 

(121) The dichlorohutene prepared from crotfinaldehyde 

Andrews, J. Am. Chem. Soc. 68, 2584-2587 (1946) 

3:7865 l,l*Dichlorobutene-2 

( — ) See reference (121) under 3: 7650 (above) 

3:7740 n-Valeryl chloride 

( — ) See reference (116) under 3: 7065 (above) 

3:7747 l~Chloropropanol-2 (propylene chlorohydrin) 

( — ) See reference (94) under 3:5552 (above) 

3:7925 1,3-Dichlorobutane 

(122) Preparation of C and its Friedel-Crafts reaction with benzene 

Sisido, Nozaki, J. Am. Chem. Soc. 69, 961-964 (1947) 

3:8012 l-Chlorobutanone-2 

( — ) See reference (98) under 3: 5900 (above) 

3:8110 d,/-l-Chlorobuten-3-ol-2 

(123) Some reactions of C 

Bissinger, Fredenburg, Kadosch, Kung, Langston, Stevens, Strain, J. Am. Chem. Soc. 
69, 2955-2961 (1947) 

3:8168 n-Caproyl chloride 

( — ) See reference (116) under 3:7065 (aliove) 

3:8520 n>Heptanoyl cUoride 

(124) Conversion of C to n-hcptanoic anhydride with pyridine 

Allen, Kiblcr, McLachlin, Wilson, Org. Syntheses 26, 1-3 (1946) 

3 : 8535 Benzyl chloride 

(125) Use of C in production of benzyl benzoate 

Tharp, Nottorf, Herr, Hoover, Wagner, Weissgerber, Wilkins, Whitmore, Ind. Eng. 
Chem. 39, 1300-1302 (1947) 

(126) Reaction of C with hexamethylenetetramine in preparation of benzylamines 

Graymore, J. Chem. Soc. 1947, 1116-1118 

(127) Rearrangement in the reaction between benzyl magnesium chloride and diethyl sulfate 

Burtle, Shriner, J. Am. Chem. Soc. 69, 2059-2060 (1947) 

3:8680 n-Octanoyl chloride 

( — ) See reference (116) under 3:7065 (above) 

3:9132 jd-Chloroisobutyric acid 

— /S-Chloro-isobutyramide : cryst. from pet. ether/EtOAc, m.p. 102-104°. [From 
/3-chloroisobutyronitrile by partial hydrolysis with H 2 SO 4 : see reference (3) under 
3:0235 (above).] 
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3 : 9395 6-Chloropentanol>l 

(128) The preparation of 5-dicthylaminopentanol-l 

— 5-Chloro-n-amyl benzoate: b.p. 141-143® at 2 mm., X>|8 = 1.109, ng* = 1.6169; 
[from tetrahydropyran with benzoyl chloride -f ZnCh (85% yield)] 

Synerholm, J. Am. Chem. Soc. 69, 2681 (1947) 

3 : 9395 6-Chlorohezanol-l 

(129) Preparation of C and its reactions with amines 

K. N. Campbell, A. H. Sommers, J. F. Kerwin, B. K. Campbell, J. Am. Chem. Soc. 
68, 1667 (1946) 

3:9567 Phenylacetyl chloride _ 

(130) Friedel-Crafts reactions of C with anthracene, phcnanthrene, or pyrene 

Hoi, Royer, Bull. eoc. chim. 1946, 659-661; C.A. 41, 3453 (1947) 

3:9858 it-Dodecanoyl chloride (lauroyl chloride) 

(131) Preparation of C 

Ackley, Tesoro, 7nd. Eng. Chem. 18, 444-445 (1946) 

( — ) See reference (116) under 3:7065 (above) 

3:9^ l,l,l-Trichloro-2,2-&is-(o-chlorophenyl)ethane (**o,o'-DDT»0 

(132) Preparation of C 

Giitzi, Heh. Chim. Acta 39, 1159-1163 (1946); C.A. 41, 114-115 (1947) 

(133) Isolation of C from technical DDT 

Cristol, Soloway, Haller, J. Am. Chem. Soc. 69, 510-516 (1947) 

3:9885 n-Tetradecanoyl chloride (n-myristoyl chloride ) 

( — ) See reference (116) under 3: 7065 (above) 

3:9960 n>Octadecanoyl chloride (n-stearoyl chloride) 

( — ) See reference (116) under 3:7065 (above) 
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1. The scope of this book 

Systematic classification of organic compounds may be effected in many 
different ways, each having certain advantages and disadvantages. Although 
the scope of this present book, by including the aspects of preparation, physical 
properties, and general chemical behavior as well as identification, is very 
much broader than that of its precursor,^ yet the advantages inherent in the 
general form of classification there employed have led to its extension to 
the present book. 

According to this arrangement, all organic chemical compounds are first 
classified by orders. The order of a compound is established by its qualitative 
elementary composition; compounds containing the same elements belong 
to the same order. Thus, Order 1 is defined as comprising compounds of 
carbon with hydrogen, or of carbon with both hydrogen and oxygen; this 
order was treated in the above-mentioned volume. When other elements 

^Identification of Organic Compounds; Tables of Data on Selected Compounds of Order I, by 
Ernest Hamlin Huntress and ^muel Parsons Mulliken, John Wiley & Sons, New York, 
xvii + 691 pages, 1941. 
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are also present, a compound is said to belong to a higher order: e.g., cpm- 
pounds of carbon with both hydrogen and nitrogen, Avith oxygen and nitrogen, 
or with hydrogen, oxygen, and nitrogen comprise Order 2. A systematic 
arrangement of still higher orders has been developed but need not be fully 
amplified here. 

The substance of the present volume is concerned primarily with compounds 
of Order 3, i.e., with compounds containing carbon and chlorine; carbon, 
oxygen, and chlorine; carbon, hydrogen, and chlorine; or carbon, hydrogen, 
oxygen, and chlorine. To all such compounds deemed of sufficiently general 
interest to warrant detailed treatment in this book, serial numbers have been 
assigned as later explained. Although such serial numbers are thus restricted 
to species of Order 3, a vast number of compounds belonging to other orders 
inevitably occurs in the course of the individual texts so that this volume 
has far wider utility than might at first glance be supposed. At the same 
time not all substances belonging to Order 3 are given numbers since many 
are not of sufficient value to warrant such extensive treatment. 

2. The matter of suborders 

In the general plan of ordinal classification, it is sometimes (but not always) 
useful to effect subdivision of orders into two suborders according to whether 
or not the pure compounds are colored. For both Orders 1 and 2, such 
subordering has special merit. For the present Order 3 compounds, how- 
ever, the proportion of colored individuals is almost negligible, and employ- 
ment of suborders has been avoided. 

3. The arrangement of compounds of Order 3 into divisons 

Just as the individual compounds of Order 1 were ultimately further sub- 
classified into various generaj each characterized by a common behavior in 
certain prescribed and carefully defined generic testSf so it would of course be 
perfectly possible to set up an analogous series of genera for any or all of the 
higher orders. After considerable reflection and experimentation, however, 
such extension of the method of generic subclassification has seemed an ex- 
travagant formality whose added value for the higher orders does not warrant 
its establishment. Consequently, the individuals comprising the present 
Order 3 are not arranged by genera, and there are no standardized generic 
tests to be systematically applied. 

Instead of arrangement by genera, therefore, the compounds assigned 
serial numbers in this book are arranged in three divisions. The first of these 
divisions comprises members of Order 3 which, when pure, are normally 
solids with at least reasonably definite melting points. The second com- 
prises members of Order 3 which, when pure, are liquids with boiling points 
attainable and recorded at ordinary pressure. The third division comprises 
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members of Order 3 which, even when pure, are liquids which either cannot 
be distilled at atmospheric pressure without serious decomposition or for 
which such data are available only under reduced pressure. Ample cross- 
references connecting the solid and liquid divisions facilitate recognition of 
appropriate cases. 

4. The sequence of compounds within the three divisions 

Division A. The individual solids constituting Division A are arranged 
in the order of increasing magnitude of their respective melting points. For 
compounds on which there is poor agreement regarding the true melting 
point, the value determining the position of the compound relative to its 
neighbors is not necessarily the highest listed. Values printed within square 
brackets have been regarded by the author on the collateral evidence as 
possibly doubtful, and such constants have been discounted in assigning 
positional sequence to the compound. 

Division B. This division, comprising liquids of Order 3 with boiling 
points at ordinary pressure, is (unlike either its predecessor or successor) 
further subdivided into two sections according to the specific gravity at 
20°C. referred to water at 4°C. Section 1 contains such liquids with values 
of greater than 1.15; Section 2 contains correspondingly those liquids 
for which the value of Dl^ is less than 1.15. Within each of the sections of 
Division B the individual species are arranged in the order of increasing 
magnitude of their respective boiling points, preferably at 760 mm. pressure. 
For compounds whose boiling points at this standard pressure are unreported, 
no attempt has been made to calculate over since to do so seems likely to 
introduce serious uncertainties. 

Division C. This division contains all serially numbered compounds of 
Order 3 which have not been allocated to either of the preceding divisions, 
such cases usually comprising liquids for which boiling points are reported 
only at reduced pressures. Within this division an entirely different method 
of establishing the listing sequence is employed; viz., the compounds are 
listed in ascending sequence according to the composition of their empirical 
formulas. For any given number of carbon atoms, compounds containing 
carbon and chlorine, or carbon, oxygen, and chlorine, or carbon, hydrogen, 
and chlorine, or carbon, hydrogen, oxygen, and chlorine fall in that sequence. 
Within any one of these four subgroups the sequence is determined by in- 
creasing magnitude of the number of component atoms in the sequence (as 
above) of carbon, hydrogen, oxygen, and chlorine. Although expressed in 
words this sounds formidable, even casual inspection of the Tables or of the 
Empirical Formula Index quickly supplies convincing evidence of its complete 
simplicity in actual practice. 
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6. The arrangement of data on individual compounds 

Whether the amount of data for the compounds comprising this volume 
is large or small, and irrespective of numerous variations of details, a certain 
standard form may be recognized as common to all. This form may be 
construed as made up of the following five elements: 

A. The heading. 

fi. Fundamental physical constants. 

C. General data on other constants, preparation and properties. 

D. Designation of special or preliminary tests. 

E, Derivatives. 

F, References to the original literature. 

The relative amount of space devoted to these five aspects varies according 
to circumstances. Each is discussed below in much further detail. 

A, The heading 

The heading of each numbered compound comprises (in its most general 
form) five components which always occur in the following sequence from 
left to right, viz., 

1. Location number 2. Name 3. Structural 4. Empirical 5. Beilstein 

of compound in (or formula formula reference 

this book (Order 3) names) 

(1) The location number. Each compound on which detailed treatment 
is given in this book has been assigned an arbitrary number to facilitate 
frequent cross reference in indexes and other parts of the text. This number 
consists of a digit representing the order of the compound (thus all species 
of this volume have location numbers beginning with 3), followed by a colon 
and then a four-digit arbitrary number. The system is, therefore, entirely 
comparable to a telephone number, the initial digit preceding the colon cor- 
responding to an exchange, the four following digits corresponding to an 
individual line. 

In assigning serial location numbers to the various individuals treated 
in this book, a principle has been maintained whose recognition greatly facili- 
tates recognition of the physical nature of the corresponding substances. 
All members of Division 1 (solids) carry numbers between 1 and 4999; all 
members of Division 2, Section 1, are between 5000 and 6999; all members 
of Division 2, Section 2, are between 7000 and 8999; all members of Division 
3 are between 9000 and 9999. 

For a given compound, the full descriptive data are recorded only in one 
place, i.e., in that corresponding to the location number. When occasion 
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arises to be reminded in some other portion of the book of certain properties 
of a given compound, the heading only is repeated followed by a cross reference 
to the place of detailed description, the section usually occupied by the 
location number being indicated merely by a dash. The most frequent 
occasion for this type of cross reference is to indicate the boiling point of a 
compound normally met with as a solid, or alternatively the melting point 
of a substance normally met as a liquid. 

(2) The name {or names) of the compound. The second element of the 
heading is devoted to the name (or names) of the compound. Out of all 
possible names, one (regarded for the purposes of this book as the '‘principal 
name”) has been printed in bold-face capitals. 

In many instances, however, this principal name is followed in ordinary 
type by one or more other names which are in common use and which might 
occur alternatively to users of this volume. All these names are appropriately 
entered in the alphabetical name index so that the location number is readily 
obtained irrespective of which name may be sought by the user. 

(3) The structural formula of the compound. Since it is frequently easier to 
interpret the chemical reactions of a compound by contemplation of its 
structural formula rather than its name, such structural pictures are given 
for all compounds in this volume. 

If a particular compound reacts as if it had two different structures, both 
are pictured. 

Although such structural formulations are construed as the third element 
of the heading of each compound, it may happen that, owing to practical 
space considerations, the picture is not actually printed as part of the top 
line but depressed somewhat below it. 

(4) The empirical formula. The fourth element of the heading is the 
empirical formula. This will be found useful in many ways, particularly in 
suggesting (especially with the amplification afforded by the empirical formula 
index) isomeric compounds from which distinction must be made, and in 
searching the abstract periodicals for data reported after the publication 
of this volume. 

(5) The Beilstein reference. Each compound listed in these Tables carries 
in the upper right-hand corner as the fifth element of the heading reference 
to Beilstein^s Handhich der organischen Chemie, All such references designate 
the fourth edition of this important tool. 

At the time of preparation of these Tables^ all twenty-seven volumes of 
the primary series (covering the literature up to 1910) together with the 
corresponding twenty-seven volumes of the first supplementary series (1910- 
1919, inclusive) of Beilstein^s Handbuch were available. For every numbered 
compound of these Tables which appears in either the main or first supple- 
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mentary series, the Beilsttin reference will comprise two parts, the first givin^^ 
the volume and page in the main series, the second giving corresponding 
reference to the first supplementary series. To distinguish the latter, the 
volume reference carries the subscript 1, and the page reference is placed be- 
tween parentheses to indicate that the regular pagination of such supple- 
mentary volume is designated. 

In addition to the main and first supplementary series of Beilstein mentioned 
above, th^re were also available during the preparation of these TahUs the 
first five volumes of the second supplementary series (1920-1929) of Beilstein^s 
Handbuch, For such of the present numbered compounds as were treated 
in this available fragment, the Beilstein reference will, therefore, contain 
a third element representing the volume and page involved. For this kind 
of case the volume reference bears the subscript 2 (to indicate second sup- 
plementary series) together with the page reference in parentheses as before. 

In accordance with the above explanation, a given compound will have 
either two or three Beilstein references. It is, of course, possible for a com- 
pound to have citation to only one or two out of the three maximum possi- 
bilities; absence of any data for a particular Beilstein unit is indicated by 
short dashes after the volume number. 

The remaining possible case is that in which the compound in question is 
of such recent origin that Beilstein contains no reference to it either in the main 
section or either supplementary series. Many such compounds occur in this 
Order 3, Under these circumstances the usual Beilstein citation is replaced 
by the Beilstein System Number of the compound, e.g., Beil. S.N. 644. Such 
type of reference immediately indicates that no reference to the substance is 
contained in any Beilstein issues through Vol. V of the second supplementary 
series. Whenever third, fourth, or later supplementary series become avail- 
able, however, this system number will indicate the position of the compound 
within narrow limits, even though volume and page cannot now be predicted. 

The practice of giving all three Beilstein citations wherever possible serves 
as a continual reminder that to look merely in the main series volume of 
Beilstein yields material only up to 1910; for the next two decades the cor- 
responding first and second supplements must also be examined. In this 
respect these Tables of Order 3 extend the practice of those of Order 1, where 
only the main series citation was made, extension to the first supplement 
being left to the user. 

That these references to Beilstein^s Handbuch are here included only as 
an additional convenience to users of these Tables should be clearly under- 
stood. This book is wholly independent of Beilstein, and those users to 
whom Beilstein may be inaccessible are reassured that the value of these 
Tables to them is in no way impaired. 
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B, Fundamental physical constants 

The five components of the standard heading having been discussed, some 
comment upon the next element of each description is required. This next 
element comprises what are here designated as fundamental physical con- 
stants’^ and which in the most general cases consist of data on (1) the melting 
point, (2) boiling point, (3) density, and (4) refractive index. In the sequence 
named, these are arranged in four vertical columns from left to right of a 
given page. For substances which are solids under ordinary conditions, the 
melting-point column is the first at the left of the page with the boiling-point 
column next following in the left central section. For such solids only rarely 
will density or refractive index data appear. For liquids, however, the first 
left-hand column is devoted to boiling-point data, the melting points being 
displaced to the next right-hand column because of their subordinate value 
in such instances. 

(1) The melting point Whereas in the earlier Tables of Order 1 the general 
practice was to express only a single figure for this constant, the individual 
descriptions of this book include substantially all values that have been 
reported. However, values which in the light of collective subsequent results 
are certainly too low, or those which because of their \vide range make no 
claim to accuracy, are omitted. The survey of values thus set forth, to- 
gether with the fact that the source of each value is also given, permits the 
user to form his own opinion concerning the magnitude, degree of concordance, 
and precision of the available data. 

For each individual compound the several values are arranged in the order 
of diminishing numerical magnitude. In general the value of highest magni- 
tude is employed to determine the place of the individual solid relative to 
its fellows (i.e., to determine its serial location number). However, values 
enclosed by square brackets are regarded by the author on collateral evidence 
as being abnormally high, and such constants are ignored in establishing the 
serial number of the individual. 

The several melting points are recorded here just as they are reported in 
the original literature; whenever the designations corrected or uncorrected 
were included in the original source, they are repeated here; most of the values, 
however, fail to specify whether they are corrected or not. This careless 
usage of much journal literature is to be deplored. 

No attempt has been made in this book generally to maintain a distinction 
between melting point and freezing point. Undoubtedly, most of the values 
reported represent conventional capillary-tube melting points; frequently, 
however, the values are expressed to a degree of precision suggesting that a 
cooling-curve method was employed. Whenever the distinction is of im- 
portance, the user can readily ascertain full details from the cited references. 
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(2) Th£ hailing point In complete analogy with its treatment of melting 
points, the individual descriptions of this book include substantially all 
recorded values of the boiling point. These are tabulated in the order of 
diminishing numerical magnitude of the prevailing pressures. Wherever 
the data can be found, the value at 760 mm. pressure is cited; however, if 
this is not directly reported, no attempt has been made to convert the avail- 
able figures over to that pressure, as to do so would introduce unwarranted 
assumptions. Values of the boiling point at various pressures are meticulously 
included in the Tables, However, when a careful physicochemical study 
has been made of the vapor pressure of an individual, selected values are 
printed and reference made to the original for further detail. 

Even a casual examination of the boiling point data reported in this book 
leads at once to the conviction that there has been a great variation in the 
precision of measurement of the prevailing pressure over the boiling liquid. 
In fact an incredible proportion of workers has not reported any pressure 
figures at all or complacently referred to the prevailing atmospheric pres- 
sure.'* Even when pressure measurements are reported, the evident general 
lack of concordance becomes distressing evidence of the inadequacy and 
inaccuracy of many of the data in the literature. 

(3) Densities, Unlike the extensive treatment accorded for melting points 
and boiling points, this book does not attempt to tabulate all possible pub- 
lished values for the densities of liquid compounds. However, all available 
data for density at 20°C. referred to water at 4°C. are given; and, whenever 
possible, the same procedure is extended to values for Df and Note 
that, when values are given for various temperatures, those for the highest 
temperature are printed at the top of the density column, followed in diminish- 
ing magnitude of temperature by the other values. This simple and obvious 
device is intended to assist users of these Tables, but they should be reminded 
that this plan was not (unfortunately) employed with the Tables of Order 1. 

Density data are given for all liquids for which they can be found; for com- 
pounds normally solid, the density is occasionally given for some temperature 
above the melting point, especially if refractive index values at the same 
temperature are also available. 

Whenever in an original paper there exists any uncertainty as to the temper- 
ature of the water with which comparison is made, the lower subscript is 
replaced^by a short dash to indicate that the omission of this figure is not 
accidental but is because of inadequate expression in the original. In many 
or even most such cases it is possible that the author intended to convey 
that the density was expressed with respect to water at the same temperature. 
This author, however, declines to make any such assumption and ventures 
to express the view that research workers and journal editors should insist 
upon unambiguous expression of such data. 
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(4) Refractive indices. These are usually given in the form no, i.e., the 
refractive index determined at 20°C. with the D line of sodium light. In 
some instances data for other lines of the spectrum have been reported here 
when no data on the D line were available. As with the densities above, 
refractive index data are frequently printed for other temperatures, and the 
same typographical convention of placing the higher-temperature values 
above the lower-temperature ones is continued. 

C. General data on other constants, preparation, and properties 

The preceding details of the five components of the heading and the four 
so-called fundamental constants having been discussed, it is now desirable 
to comment upon the third element of the text of each compound. The 
material comprising this third section actually comprises most of the space 
of this book. Although sometimes consisting of only a few paragraphs, there 
are many members of Order 3 for which the general exposition of behavior 
requires many pages. Such extended treatments are frequently (although 
not invariably) subdivided by major and minor headings intended to facilitate 
quick recognition of the probable location of particular types of desired 
information. Careful examination of the text of any typical individual 
compound will quickly disclose that it has in general been dealt with in 
generous fashion. At the same time it is obvious that a line must be drawn 
somewhere. For example, in connection with the discussion of an alkyl 
halide such as n-butyl chloride, it is certainly of highest relevance to indicate 
the mode and extent of its ability to form n-butyl magnesium chloride. 
Furthermore, the value of the simpler reactions of the RMgCl compounds, 
particularly with reference to their utility in the identification of the initial 
halide itself, is evident, but on the other hand no attempt has been made to 
cover all the known reactions of butyl magnesium chloride since that would 
involve an undertaking of disproportionate magnitude. 

Although details of the texts of individual compounds naturally differ in 
nature and magnitude and are influenced by the literature content correspond- 
ing to the direction of published research, certain aspects occur with sufficient 
frequency to warrant comment. 

The text of each compound invariably comprises its methods of prepara- 
tion and its chemical behavior. For many of the more common or especially 
important species, these two aspects are often preceded by an introductory 
section containing certain physical data (in addition to that of the heading) 
likely to be of particular interest or utility to organic chemists. Examples 
of such entries include binary and ternary systems with other compounds, 
especially with reference to freezing-point composition data, azeotropes, 
densities and/or refractive indices, etc. In this introductory section also 
attention is frequently directed to methods of quantitative determination 
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of the compound, examples of industrial or other utilization, biochemical 
behavior especially with regard to studies on toxicity, antiseptic character, etc. 
The selection of entries for this introductory section is admittedly arbitrary, 
and users are reminded that this book makes no claim to include all known 
data even on the compounds to which serial numbers are assigned. Indeed, 
in an effort to keep the volume within reasonable bounds, certain types of 
data of value to organic chemists have been deliberately (though regretfully) 
excluded, such as references to absorption or Raman spectra, dipole moments, 
and viscosities, although many instances of the four fundamental physical 
constants of the heading are drawn from original publications primarily 
concerned with these aspects. 

Within the text of each individual numbered compound (immediately 
following the above-mentioned introductory section, if any), there occurs 
a section on its methods of preparation. This treatment has purposely been 
made as complete as possible. To a limited degree distinction has been 
made between preparation and formation; but, because even in contemporary 
publications many authors fail to report yields, adequate recognition of the 
appropriate category is not always possible. Original results reported only 
in terms of weight have been calculated over to percentage yields. Variations 
in yields by a single method of preparation are contrasted by massing them 
in the text, the uniform practice of following each statement with its cor- 
responding citation serving conveniently to associate each yield with a par- 
ticular modification. With compounds for which there arc many modes of 
preparation, the most generally practicable methods are often singled out for 
particular mention at the beginning of the preparative section, followed by 
a systematic presentation of all the recorded methods under various sub- 
headings appropriate to the circumstances. 

Users of this book will find these sections on preparation not only extremely 
useful from the viewpoint of comparison of various alternatives but also 
very stimulating and suggestive in the formulation of unconventional ap- 
proaches to their particular problems. 

Within the text of each numbered compound of this book, following the 
introductory section (if any) and the preparative section, is next set forth 
the significant aspects of its chemical behavior. The length of this part of 
the treatment varies widely from a few phrases to many pages. Very long 
treatments are appropriately subdivided for practical convenience, the particu- 
lar sequence of arrangement being dictated by various circumstances. For 
example, the earlier subdivisions often deal with pyrolysis, reduction, oxida- 
tion, and substitution reactions, followed by the behavior with inorganic and 
organic reactants. With bifunctional compounds the initial group is fre- 
quently followed by the behavior of each function with inorganic and organic 
reactants in that order. Users will experience no difliculty in recognizing 
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the systematic organization of each compound. Emphasis has been placed 
upon a systematic and logical presentation of each case, and the above general 
outline has served the construction of this book only as a general guide rather 
than a rigid frame. 

Two matters continually arising within the descriptive text deserve a 
further word of comment. The first relates to the fact that, in the course 
of reporting the chemical behavior of each numbered compound, there is 
necessarily involved reference to many other substances. Such of these 
as appear in either this volume (Order 3) or its predecessor (Order 1) are 
immediately followed by their serial numbers. A great many other com- 
pounds belonging to orders not yet written up in this series are inevitably 
involved; for such compounds reference to Beilstein is usually made for the 
convenience of the user who may have occasion to follow the matter further. 

The second matter involves the practice of this book with respect to cita- 
tions. Many instances appear which at first glance might appear to involve 
unnecessary repetition of the citation number, but which really comprise 
signals to the reader. As a simple illustration, consider the following extract 
from the text of p-chlorophenol, referring to the method of preparation of 
its A-(m-nitrophenyl)carbamate, viz.: ‘^From C with m-nitrobenzazide 
(283) or m-nitrophenyl isocyanate (283) in Igr. (283).^' This usage designates 
the fact that the ’preparation of both the m-nitrobenzazide and the ?n-nitro- 
phenyl isocyanate is given in reference (283) together with their utilization 
as reagents in the conversion of p-chlorophenol to the corresponding iV-(7n- 
nitrophenyl) carbamate. Of course, with commonly available reagents such 
extra citations need not be included. 

In view of the nature and magnitude of the text of this book, there may 
be a tendency to regard it as a specialized Beilstein within its field. Such 
a characterization would carry the implication that the text comprises all 
known chemical information with respect to each component compound, 
whereas only the more important representatives of such data are offered. 
In this connection one common misunderstanding with respect to Beilstein’s 
Handbuch has significance. The Beilstein classification employs the principle 
of “latest position in the system.” This means that, when a given fact 
could logically be placed in several different places, it is in general associated 
with the last of such places in the systematic plan. For example, as the 
methyl ether of phenol, anisole could conceivably be discussed either under 
methyl alcohol or under phenol. Following the above principle, however, 
Beilstein discusses it under phenol with no mention whatever under methyl 
alcohol. For Beilstein^s purpose this principle is extremely well founded, 
results in an orderly, systematic, and uniform procedure, and, if properly 
understood, causes no trouble to the user. Its employment does have the 
unfortunate result, however, that for compounds occurring early in the 
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systematic sequence the impression is often given to the uninitiated that 
nothing is known about reactions involving components themselves listed 
later in the classification scheme. In contrast to the above Beilstein usage^ 
the present Tables are unrestricted by any such arbitrary rule. Inasmuch 
as a large proportion of the compounds with which it deals are those which 
in the Beilstein classification appear to be inadequately described because 
of their earlier position in the sequence, users will quickly appreciate the added 
convenience of a generous treatment of the chemistry involved. 

D. Preliminary tests 

For certain of the more common compounds included in these Tables^ there 
exist specific or semi-specific color tests. These are generally simple to 
execute, may often be applied satisfactorily to minute amounts of material, 
and, when positive, are so significant that their trial, if indicated, should 
invariably precede the derivatization of the sample. Such tests are indicated 
by the symbol ® but should be regarded as merely preliminary in character 
and not always carrying the same conviction as the derivatives. 

JB. Derivatives 

The text section of each numbered compound is usually concluded by a 
group of derivatives. Those which for one reason or andther have special 
importance are designated by the symbol ® placed at the left-hand side of 
the page. Interspersed with such cases will frequently be found others not 
bearing this symbol but instead merely designated by a dash. Relatives 
of the original parent compound so designated comprise materials, knowledge 
of whose existence (or less commonly nonexistence) or properties may be 
needed for comparison with related cases for the particular parent or other 
isomers thereof. Wherever possible, specific data on each relative included 
in this derivative section are given; in many cases, however, where careful 
systematic search has failed to uncover any published record of the compound, 
it is characterized in these tables as “unreported.” All chemists recognize 
that reliable information that a particular compound has not yet been reported 
is more to be desired than its complete omission; and this feature of this 
volume will effect substantial economies of time for its users. Naturally, as 
time goes by the constant publication of new data will enable some of these 
informational gaps to be filled. 

, More than one value for the melting point of a particular product derived 
from a numbered parent or, conversely, several citations for the same value 
will often be noted through all parts of this book. These practices serve, 
respectively, to suggest caution because of lack of agreement and to attract 
attention to the concordance of results of several different workers. 

The sequence in which these derivatives are listed has no relation to their 
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respective merits as means of identification of the particular parent. For 
each class of compounds, the particular sequence is arbitrary but standard 
in form and sequence in order to facilitate intercomparison and easy reference. 
For any particular class, however, the sequence is similar to that employed 
in Order 1 for the corresponding nonchlorinated parent. 

F. Literature references 

The fifth and final section of the descriptive material comprising each 
serially numbered compound comprises the corresponding references to the 
chemical literature. These are associated with the corresponding portions 
of the descriptive text by arbitrary numbers set in bold-face carets, e.g. (5), 
the journal names being uniformly represented by the standard abbreviations 
employed by Chemical Abstracts, The single exception to the use of Chemical 
Abstracts abbreviations for literature references is that the German journal 
recently known as Chemisches Zentralhlatt (but formerly as Chemisches 
Centralblatt) is here designated as Cent This convention adequately suggests 
the name of the periodical in less space and improves the corresponding 
Beilstein abbreviation (C.) by avoiding confusion with Centigrade temper- 
ature. 

The total number of such literature references in this book is very large, 
owing in part to the greatly increased scope of this Order 3 as compared 
with the restricted treatment of compounds of Order 1. It will be observed 
that, in addition to a much fuller record of the four fundamental physical 
constants, and a more generous regard for a diversified array of derivatives, 
this book (unlike its predecessor) deals extensively with the preparation and 
chemical behavior of its component species. Furthermore, whereas the 
earlier book arbitrarily excluded references to the patent literature, the present 
volume not only permits their inclusion but draws rather heavily upon it. 
The rapid growth of industrial organic chemistry, the fact that numerous 
chloro compounds of Order 3 represent individuals of great industrial sig- 
nificance, and the circumstances that for many such cases a large proportion 
of the available information is of such recent origin that little of it can be 
found in conventional monographs or other compendia have combined to 
necessitate considerable emphasis on the technical literature. 

For a given individual numbered compound, a particular published article 
or patent is listed only once. The citation number representing the refer^ce 
may be given many times in the descriptive text, but in the literature reference 
section the reference itself is not repeated. On the other hand, a given 
original article covering several individual compounds included in this book 
will be cited under each of the materials to which the article is relevant. 

The order in which the literature references are arranged is determined; 
by the sequence in which necessity for their mention arises in the text. T^ 
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results, of course, in what may appear to be a random sequence. The author 
is well aware that rearrangement of these references into a sequence com- 
prising an alphabetical author index is possible. Such an operation, however, 
has been regarded as impracticable since it would multiply severalfold the 
opportunity for error and would be unlikely to confer advantages commensu- 
rate with the labor involved. 

Literature references to journals considered to be generally accessible are 
given directly; but those to articles in journals with limited circulation or to 
articles in languages other than English, German, French, or Italian are 
usually accompanied by the location of the corresponding abstract in both 
the Chemisches Centralhlatt and the Clwmical Abstracts, This leads to the 
suggestion that users of this book, to whom a particular primary publication 
may be inaccessible, may themselves locate the corresponding abstracts by 
means of the usual Author Indexes to these works. Consultation of the 
abstract must never be regarded as equivalent to examination of the original 
publication but is generally better than no information at all. 

Citations to original articles in scientific journals often refer to individual 
pages but sometimes also to a spread of pages, depending upon the nature 
of the article. The practice so frequently employed by others of citing an 
article merely by giving its initial page and leaving to the reader the often 
laborious job of locating the individual page germane to the aspect in question 
is deplored by the present author and has been avoided in this book. When 
a page spread (occasionally extending to the whole of a particular article) is 
cited, the reason is usually that the construction of the original paper is such 
that relevant material is scattered throughout the paper and individual page 
citation might be not only inadequate but even misleading. Since a given 
article appears (in general) but once in the group of literature references as- 
sociated with each numbered compound, however, and since therefore the 
single number representing it may be used many times during the various 
aspects of the corresponding text, users finding that one of several individual 
pages so cited is inapplicable will recognize it is to be associated with some 
other aspect elsewhere in the text. 

Attention is called to certain advantageous and unique practices followed 
by this book in connection with its citations of patents. The first element 
of patent citation is the name of the inventor (or of all, if more than one) if 
this information is known. The second element comprises the name of the 
company to which the patent has been assigned. All American patents are 
required by law to be issued to the inventors but are commonly assigned to 
the sponsor of the work. Foreign patents, however, do not always carry 
the names of individual inventors; in that event the company name has to 
serve both purposes. The third element is the nationality and number of 
the patent accompanied by its date of issiMe (not application). The fourth 
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element comprises reference to abstracts of the patent both in the Chem- 
isches Centralblatt and in Chemical Ahstrcxts. There are three reasons for 
this multiple form of abstract reference. 

The first is that few chemists have immediate access to the corresponding 
original patents themselves and appreciate the convenience of the abstract. 
The second is the plain fact that the patent abstracts published by the 
Chemisches Centralblatt are usually so much more descriptive and more nearly 
complete than those of Chemical Abstracts that many chemists prefer to 
use the former. Doubters of this difference of quality between the two 
abstract journals are invited to convince themselves by direct com- 
parison, Finally, the Chemical Abstracts reference is also included, how- 
ever, because there may be some users of this book to whom the CentralblaU 
may not be available or who arc timid about their ability to read even tech- 
nical German. If in a particular case the patent has not been abstracted 
at all, this fact is also noted. Furthermore, because of the present inaccessi- 
bility of more recent issues of the Centralblatt, it has been necessary in 
some of the more recent references to cite only Chemical Abstracts. 

In connection with the citation of patents, many instances will be noted 
in which the reference includes also the equivalent patents of other countries, 
each of these being accompanied by its dates, abstract references, etc., as for 
an individual patent. 

The reader^s attention is directed to the obvious fact that many patents 
are expressed in general terms so that, even though the protection sought 
may frequently cover one or more of the component compounds of this book, 
the specific individuals are not mentioned by name. No attempt has been 
made to interpret such general patents. For this reason systematic searchers 
will often consult higher or lower homologs of the compound comprising 
their initial interest. 

6. Abbreviations 

Necessity for economy of space has required in this book a continuation 
of the extensive set of abbreviations used with the earlier Tables of Order 1 
together with certain additions required by new circumstances. All these 
abbreviations have been selected so as to suggest the full word, particularly 
when assisted by the context. No attempt has been made to enslave the 
text to the abbreviations, however, and the full word is sometimes employed 
even though a mnemonic for it is given in the Table of Abbreviations. 

7. Indexes 

This book contains five different types of indexes; three of these are dis- 
tinctly novel and two are conventional, as explained below. 
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A. The empirtcal formula index 

The index of empirical formulas lists each of the compounds in this book 
in the conventional familiar form under one or another of four parts according 
to whether the particular compound contains ( 1 ) only carbon and chlorine; 
(2) carbon, oxygen, and chlorine; (3) carbon, hydrogen, and chlorine; (4) 
carbon, hydrogen, oxygen, and chlorine. Within each of these parts the 
individual empirical formulas are arranged in groups according to increasing 
numbers of carbon atoms, and for a given number of carbon atoms according 
to increasing numbers of the other component atoms. Within each group 
of isomeric compounds the order of listing follows the sequence of the eight 
units comprising the Chemical Type Index (see below). 

This empirical formula index contains also for each group of isomers both 
the molecular weight and the percentage chlorine content, each computed 
to one place of decimal units. This index not only serves as a convenient 
record of these constants but also suggests to the user isomers of the particular 
individual. The formula index may also be employed occasionally as a 
final verification of the presence or absence of a particular compound from 
the Tables, in possible instances where the names which occur to the worker 
do not appear in the alphabetical index. 

A brief statistical analysis of this index may be of interest. The 1320 
individual compounds comprising this book are distributed among 366 groups 


of isomers as 

follows: 

Groups of Isomers 

iNDIVlDUAIiS 

Part A 

C /Cl compounds 

11 

11 

Part B 

C/O/Cl compounds 

18 

21 

Part C 

C /H /Cl compounds 

135 

666 

Part D 

C /H /O /Cl compounds 

202 

722 


Total 

366 

1320 


The minimum number of isomers for a given empirical formula is obviously 
one; 28 of the above 366 groups represent such minimum cases. The maxi- 
mum possible number of individual compounds within a particular empirical 
formula is, of course, indeterminately large; however, it is of interest to note 
that, of the 366 groups of isomers in this book, the largest number of in- 
dividual compounds ( 21 ) occurs for the empirical formula C 8 H 7 O 2 CI. Other 
formulas with substantial numbers of individuals comprise C 6 H 9 O 2 CI with 
20 , C7H16CI and CsHirCl each with 18 , C5H10CI2 with 17, and CeHuCl, 
CeHiaCl, and C8H9OCI each with 16, corresponding to a particular molecular 
weight. 

B. Index of empirical formulas by percentage chlorine content 

This index lists the 366 empirical formulas of the numbered compounds 
contained in this book in order of diminishing percentage of chlorine. This 
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type of index is unique; nothing of this sort exists in any other publication 
so far as is known. Many uses of such an index will suggest themselves, the 
most obvious example being to suggest various empirical formulas cor* 
responding to a particular chlorine content. 

Within this index will be observed many examples of identical chlorine 
contents for several different formulas; e.g., a percentage chlorine of 37.6 is 
common to the four different formulas C2H3O2CI, CsHtOCI, CgHeOCU, and 
C 14 H 9 CI 8 , despite the fact (as seen from the Empirical Formula Index) that 
the molecular weights of the last two are quite different from the others. 

C. Index of empirical formulas by molecular weights 

This index lists the 366 empirical formulas of the numbered compounds 
contained in this book in order of increasing magnitude of molecular weight. 
This index (like the preceding one) is unique, and nothing of the sort exists 
in any other publication so far as is known. Many uses of this index will 
suggest themselves, the most obvious example being to suggest various 
empirical formulas having the same molecular magnitude. 

Within this index will also be observed many examples of identical molecular 
weights for several different formulas; e.g., the molecular weight of 136.6 is 
common to the three different formulas C 6 H 9 O 2 CI, CeHisOCl, and CgHsCl. 

D, Index of compounds according to chemical types 

Since, as more fully explained earlier in this chapter, the component in- 
dividuals of this book are not arranged in arbitrary genera and no standardized 
generic tests comparable to those of Order 1 have as yet been developed, the 
inclusion in this volume of an index in which the compounds are arranged 
according to the chemical classes to which they belong is of special value and 
utility. 

In this chemical-type index, each compound is listed in at least one of 
eight chemical classes (units) as follows: 

Unit 1. Chloro substitution products of saturated acyclic hydrocarbons. 

Unit 2. Chloro substitution products of unsaturated acyclic hydrocarbons. 

Unit 3. Chloro substitution products of cyclic hydrocarbons. 

Unit 4. Chloro substitution products of hydroxy compounds (alcohols or phenols). 

Unit 5. Chloro substitution products (and their relatives) of carbonyl compounds 
(aldehydes, ketones, quinones, aldehyde polymers, acetals, alcoholates, etc.). 

Unit 6. Chloro substitution products of carboxylic acids and anhydrides. 

Unit 7. Acyl chlorides. 

Unit 8. Chlorine substitution products of ethers and of esters. 

Compounds of the last five units containing more than one functional 
group are also listed under such of the others as may be appropriate. For 
example, 2,5-dichloro-3,6-dihydroxybenzoquinone-l,4 is listed both as a 
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carbonyl compound (Unit 6) and as a phenol (Unit 4); diethylene glycol 
mono (chi oroacetate) is listed not only as an ester (Unit 8) but also as an 
alcohol (Unit 4) and an ether (Unit 8). 

It may be of interest to summarize briefly the distribution of the compounds 
in this book among the several classes as shown in the following summary: 


Unit 1 

221 

Unit 5 

146 

Unit 2 

182 

Unit 6 

137 

Unit 3 

174 

Unit? 

142 

Unit 4 

211 

Unit 8 

182 


The total number of such unit listings (1395) thus exceeds the number of 
individual compounds (1320) by an amount representing the cases of multiple 
functions. 

E, Alphabetical Index 

This conventional type of index includes not only the principal ” name, 
but also all the subsidiary names given in the Tables for every numbered 
compound in this book. It cannot, of course, guarantee to contain every 
name which might conceivably be applied since, for the field of chemistry, 
such names are legion. However, with every name that is listed is associated 
the corresponding location (or serial) number, so that use of this index is 
perfectly straightforward and the index requires no cross referencing within 
itself. The first letter of the first syllable of the name proper establishes its 
position in the alphabetical sequence irrespective of any literal or numerical 
prefixes such as o-, ??i-, p-, sec-, ^er-, m-, trans-, a-, i^-, 7-, 5-, d-, meso-. Within 
a particular group of isomers with the same name, however, the sequence is 
0-, m-, p-; sec-, ter-; or a-, /3, 7-, 3, etc. Iso is not construed as a prefix but 
as part of the main root. Further details of this sort are given in the intro- 
duction to the index itself. 



CHAPTER II 
DIVISION A. SOLIDS 

(3:0000-3:0499) 


PENTACHLOROACETONE CliCH— C-CCls CjHOCk 

a 


M.P. +3.1° B.P. 193° 


See 3:6205. Division B: lAquids, Section 1, > 1.15. 


2,6-DICHLOROTOLUENE CH, 



CjHsClj 


M.P. 5° . B.P. 199° at 761 mm. = 1.3535 

See 3:6245. Division B: Liquids, Section 1, D4® > 1.15. 


^-CHLOROTOLUENE CH3<^^ )>C1 CvHvQ 

M.P. +7.8° B.P. 163° 

iSee 3:8287. Division B: Liquids, Section 2, P4® < 1.15. 


Beil. I -666 

Ii- 

Ir- 


BeiLV- 396 
Vi— 
Vr(831) 


BeU.V- 393 
Vi.(150) 
V8-(336) 


l,l.DICHLORO-2-METHyLPROPANOL-2 CH3 C4H80CI2 Beil. I -383 

(uJWj/m.-Dichloro-ter-butyl alcohol; ^ I Ii — 

dichloromethyl-methyl-carbinol) O— CtlU2 

OH 


M.P. +8° B.P. 151° Di® = 1.3363 

See 3:5772. Division B: Liquids, Section 1, D^ > 1.15. 


o-CHLOROPHENOL OH 



C«HbOC1 


M.P. 8.0° B.P. 175-176° = 1.3456 

See 3:5980. Division B; Liquids, Section 1, D^ > 1.15. 


ni>® - 1.4598 


Beil. VI- 183 
VIi-( 98) 
Vl2-(170) 


= 1.5573 


DI-(/3-CHL0R0ETHYL) CARBONATE CsHgOsCk BeU. HI — 

CICH2CH2O. IHi— 

C1CH2CH20/^^ ni2-(6) 

M.P. 8.5° B.P. 340-341° 1^® = 1-3506 n|>® = 1.4610 

• See 3:6790. Division B: Liquids, Section 1, DJ® > 1.15. 
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3:0010 

CINNAMYL CHLORIDE 


c.H»a 

Bett. V - 483 


(3-Chloro-l-phenylpropene-l) \ / — CH=CH CH 2 

01 


Vi-(333) 

V»-(373) 

M.P. 

B.P. 



'1 

•*25 


3-0' <1) 

140' 

at 37 mm., 

si. dw. (5) d!? - 1.08813 

(9) 

.. 1.58063(9) 

8' (2) 

133-126' 

at 22 mm. 

(6) Di® = 1.101 

(6) 

71d 

= 1.387 (8) 

7-8' (3) 

130' 

at 18 mm. 

(6) Di* = 1.090 

(8) 



4-9' {4) 

117-119' 

at 17 mm. 

<7> 





118' 

at 16 mm. 

<8) 





113° 

at 13 mm., 

8l. dec. (5> 





119.3-130.3' 

at 12 mm. 

(9) 





116-117' 

at 12 mm. 

(1> 





108' 

at 12 mm. 

(10) 





106° 

at 10 mm. 

(11) 





109-110° 

at 6 mm. 

(3) 





103-103' 

at 6 mm. 

(3) 





101.5-103.4' 

at 6 mm. 

(12) 





94' 

at 6 mm. 

(13) 





86-87' 

at 2 mm. 

(3) 





Care should be taken to avoid confusion of C with the acid chloride of cinnamic acid; the 
acid chloride is properly designated as cinnamoyl chloride (3:0330); furthermore note 
that some of the older publications designate C as ** styryl chloride,” which is now incorrect 
since in current usage the name styryl is reserved for the radical CeHs.CH—CH — derived 
from styrene (14). 

Attention is also drawn to the fact (not fully recognized in the older work) that in some 
(but not all) reactions of C the prods, obtained may in part be derived from the synionic 
mesomer of C, viz., phenyl-vinyl-carbinyl chloride (3-chloro-3-phenylpropene-l); for 
examples see below. 

C when pure is colorless oil with no odor of HCl; if HCl is present C soon darkens on 
stdg. — C should leave no residue on distillation, and best yields of RMgCl (see below) 
are obtainable only with freshly distilled C (3). 

[For prepn. of C from cinnamyl ale. (1:6920) with HCl gas at 0® (yields: 92-93% (1), 
78% (7), 60% (12)) (5) (6) (16), with HCl gas in CCU soln. at room temp. (85% yield (7)), 
with 6-7 wt. pts. 6 N HCl on distn. (79% yield (4)), or with cone. HCl + ZnCb in CeHs 
(54% yield (16) see indie, refs.; from cinnamyl ale. (1:5920) with PCI 3 in CeHe (62.5% 
yield (1)), or PCI 3 -f ZnCla in CeH# (65% (16)) (note that PCle + ZnCl 2 in CeHe gave 
only tar (16)); from cinnamyl ale. (1:5920) with SOClj + pyridine in CHCI 3 (yields; 
83% (3), 69-75% (12)), with SOCI 2 -f diethylaniline (18) or other tertiary bases (18), or 
with excess SOCI 2 in CeHe (72% yield (16)) see indie, refs.; from cinnamyl ethers by cleavage 
with HCl (22^ B4) on htg. under press, see (8); from cinnamyl acetate (see below) by passing 
in dry HCl see (18).] 

[For prepn. of C from phenyl-vinyl-carbinol [Beil. VI-572, VIi-(283)] (7) with HCl gas 
(7) (10) or with p-nitrobenzoyl chloride in ether on htg. in s.t. (10); from phenyl-vinyl- 
carbinyl acetate with HCl gas see (19).] 

C with Br 2 (1 mole) adds 2 atoms halogen yielding (20) (6) (10) a,i9-dibromo<^-chloro- 
n-propylbenzene, tbls. from ether, m.p. 104-106® (6) (10). 

C with cone. HI (D « 1,7) (3 wt. pts.) in AcOH (7) or C with KI in dry acetone (11) 
CpVes in good yield (7) cinnamyl iodide, pale yel. Ifts., which after very careful recrystn. 
from AcOH have m.p. 57® (7) ; note, however, that the substance is very unstable, cf . (7) ( 1 1 ). 
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[C on htg. with salts of acids yields a mixt. of the corresp. esters of oinnamyl alcohol 
(1:5920) and phenyl-vinyl-carbinol, the proportions of which vary with the nature of the 
acid radical, the metal, solvent, etc.; for extensive study of the reaction see (19) (7).] — 
[For behavior of C with ethyl sodioacetoacetate (21 >, Ag salt of 3-hydroxynaphthoquinone- 

l, 4 <2), or with 1,5-dichloroanthrone -f aq. KOH (22) see indie, refs.) 

C readily hydrolyzes to the corresp. ale. (1 :5920): e.g., C with aq. on boilg. for 1 hr. is 
76% saponified (7); C with boilg. aq. 1 iV^ NaOH is 95% hydrolyzed in 1 hr. (7); note, 
however, that C is remarkably stable toward strong aq. alk. in cold (e.g., with 3.5 vols. 
53% aq. NaOH only trace of hydrolysis even after 8 hrs. shaking (7)); note also that the 
cinnamyl ale. (1 : 5920) obtd. by hydrol. is contaminated with di-cinnamyl ether, b.p. 231- 
232®, and probably also by the ether from phenyl- vinyl-carbinol. — C (10 g.) with excess 
cold dil. aq. Na2C03 on shaking 85 hrs. gives phenyl-vinyl-carbinol (1.3 g.) + cinnamyl ale. 
(1:5920) (0.7 g.), di-cinnamyl ether (2.6 g.) + unhydrolyzed chlorides (4.1 g.) (7). 

[C with abs. ale. KOH yields only (7) cinnamyl ethyl ether; note, however, that the 
course of the reaction is modified by pres, of aq. and that C with NaOH in 70% aq. ale. 
the cinnamyl ethyl ether is accompanied by 25-30% of ethyl phenyl-vinyl-carbinyl ether 
(7); furthermore C with silver oxide in aba. ale. (thus even in absence of aq.) gives bath 
ethers (7) (for numerous details see (7)).J 

[The behavior of C with NH3 (or amines) is doubtless similarly influenced by the en- 
vironment but has been less thoroughly studied. — C in ether with large excess cone. aq. 
NH4OK on stdg. gives (77% yield (23)) tetracinnamylammonium chloride, ndls. from ale., 

m. p. 199® (23); C with abs. ale. NH3 gives (24) (25) (5) mono-, di- and tri-cinnamylamines.j 

C with tertiary amines forms quaternary salts: e.g.,'C with MesN in abs. EtOH 24 hrs. 

at room temp, gives (26) (25) cinnamyl-trimethyl-ammonium chloride, very hygroscopic 
solid (for derivatives see (25) (26)); for quaternary salt fomm. of C with dimethylaniline 
(16) or p3rridine (6) (5) see indie, refs. 

[C (1 mole) with aniline (4 moles) in ether as directed gives (50% yield (27)) N-(cinnamyl)- 
aniline, m.p. 21®, b.p, 200-202® at 12 mm., 178® at 3 mm. (27); C (1 mole) with hexamethy- 
lenetetramine (1 mole) in aq. ale. as directed gives (20-30% yield (8)) cinnamaldehyde 
(1:0245).] 

C (freshly distilled) with Mg in dry ether under special conditions gives (83% yield (3)) 
(12) RMgCl: note carefully, however, that this Grignard is (or behaves as) a mixture 
consisting of 27% cinnamyl MgCl, CeHs — CH=CH.CH2MgCl, accompanied by 73% 
phenyl-vinyl-carbinyl MgCl, Cells— C(MgCl).CH=CH2_(12). 

[The reactns. of the Grignard mixture thus obtd. from C therefore generally yield prods, 
corresponding to both the components sometimes accompanied by material originating 
from coupling reactns. of RMgCl (either or both types) with itself : e.g., RMgCl (designating 
the above mixture) on acid hydrolysis with 3 N H2SO4 gives not only both propenyl- 
benzene [Beil. V-481, Vi-(231), V2-(371)], b.p. 176®, and allylbenzene [Beil. V-484, Vi-(233), 
V2-(373)], b.p. 156® (from the two RMgCl types) (combined yield 47% (12)), but also a 
high-boilg. residue (81% yield (12)) (from coupling of RMgCl, see below).] 

[C (2 moles) with Mg (1 atom wt.) in dry ether subsequently hydrolyzed gives a high- 
boilg. fractn. consisting of a solid and a liquid hydrocarbon: the solid hydrocarbon (8-9% 
yield (28)) (1) is l,6-diphenylhexadiene-l,5 (dicinnamyl) [Beil. Vi-(338), V2-(597)], Ifts. 
from ale. or AcOH, m.p. 82® (1), 81-82® (29), b.p. 211® at 11 mm. (1), 180® at 5 mm. (29); 
the liquid hydrocarbon (42.9% yield (28)) has now been recognized (28) (contrary to earlier 
views (1)) as l,4-diphenylhexadiene-l,5, b.p. 157-160® at 2 mm., * 0.9919, “ 

1.5890 (28). — For mode of formation of these prods, see (28).] 

[C converted to RMgCl (see above) and reacted with NHaCl at —20® gives (14% yield 
(33)) cinnamylamine.] 
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<9 Phenyl-vinyl-acetic acid: cryst. from pet. ether at —10®, m.p. 23-24® <30). [From 
RMgCi with CO 2 (note that ord. method gives low yields (38% (3) cf. (17)) but simple 
modification of carbonation technique raises yield to 62-66% (3)).] — This acid on 
htg. or on warming with either alk. or acid isomerizes (by change in position of double 
bond) to a-phenylcrotonic acid (methylatropic acid) [Beil. IX-615)] (see also next 
paragraph). 

a-Phenylcrotonic acid (methylatropic acid): pr. from ale., ndls. or Ifts. from aq., 

m.p. 135-136® (17) (p-nitrobenzyl ester, m.p. 80-81® (31)) (see also preceding para- 
graph). [From RMgCl (above) with ethyl chloroformate (3:7295) followed by 
hydrolysis of the intermediate ethyl phenyl- vinyl-acetate by htg. with 20% HCl or 
by shaking for 2 days with alkali (the hydrolysis being accompanied by simultaneous 
rearr. of the unsatd. linkage) (30).] 

® Phenyl-vinyl-acetic anilide: cryst. from CeHe, ale., or CHCI 3 , m.p. 97-98® (30). 
[I>om RMgCl (above) with phenyl isocyanate in dry ether (30); this prod, may be 
accompanied by a small amt. of a-phenylcrotonanilide, m.p. 192°, from partial som- 
erization during the reactn. (30).] 

® iV-(Cinnamyl)phthalimide: cryst. from 90% ale. or 90% AcOH (24) or from n-PrOH 
(32), m.p. 156° (32), 153° (24). [From C with K phthalimide by htg. at 160® for 
several hrs. (24) ; note that the structure of this prod, has been confirmed as the cinnamyl 
(and not the phenyl- vinyl-carbinyl) type (32).] 

3:0010 (1) Rupe, Biirgin, Ber. 43, 172-178 (1910). (2) Fieser, J. Am. Chem. Soc. 48, 3213 (1926). 
(3) Gilman, Harris, Hec. trav. chim. 50, 1052-1055 (1931). (4) Norris, Watt, Thomas, J. Am. 

Chem. Soc. 38, 1078 (1916). (5) Emdo, Franke, Arch. Pharm. 247, 333-334 (19f^9). (6) Klagea, 

Klenk, Ber. 39, 2552-2555 (1906). (7) Meisenheimer, Link, Ann. 479, 211-277 (1930). (8) 

Bert, Dorier, Compt. rend. 191, 332-333 (1930) ; Cent. 1930, II 2376; C.A. 24, 5739 (1930). (9) 
Goebel, Wenzke, J. Am. Chem. Soc. 60, 698 (1938). (10) Meisenheimer, Schmidt, Ann. 475. 

178-179 (1929). 

(11) Murray, J. Am. Chem. Soc. 60, 2663 (1938). (12) Youiir, Ballou, Noznki, J. Am. Chem. 

Soc. 61, 12-15 (1939). (13) Miirray, Cleveland, J. Am. Chem. Soc. 60, 2065 (1938). (14) 

C.A. 31, 9489 (1937). (15) Emdo, Ber. 42, 2593 (1909). (16) Clark, Streight, Trane. Roy. Soc. 

Canada (3) 23, III, 77-89 (1929). (17) Gilman, Harris, J. Am. Chem. Soc. 49, 1825-1828 (1927). 

(18) Darzens, Compt. rend. 152, 1316, 1601 (1911). (19) Meisenheimer, Beutter, Ann. 508, 

58-80 (1934). (20) Grimaux, BvM. soc. chim. (2) 20, 122-123 (1873). 

(21) Kergmaiin, Corte, J. Chem. Soc. 1935, 1364. (22) Barnett, Goodway, Weekes, J. Chem. 

Soc. 1935, 1104. (23) Emde, Arch. Pharm. 249, 93-103 (1911). (24) Posner, Ber. 26, 18.57- 

1865 (1893). (25) Emde, Arch. Pharm. 244, 271-277 (1906). (26) Schmidt, Fhiocher, Arch. 

Pharm. 243, 75-78 (1905). (27) von Braun, Tauber, Ann. 458, 107 (1927). (28) Gilman, 

Harrisv'/. Am. Chem. Soc. 54, 2072-2075 (1932). (29) von Braun, K6hler, Ber. 51, 84(1918)! 

(30) Gilman, Harris, J. Am. Chem. Soc. 53, 3541-3546 (1931). 

(31) Knowles, Cloke, J . Am. Chem. Soc. 54, 2037 (1932). (32) Bergmuun, J. Chem. Soc. 1935, 

1362. (33) Coleman, Forrester, J. Am. Chem. Soc. 58, 28 (1930). 

HEXACHLOROBUTENE-Y C 4 H 2 CI 6 Beil. S.N. 11 

M.P. 9.5-11® B.P. 125,5° at 26 mm. 

See 3:9050. Division C: Liquids with h.p. only at reduced pressure. 
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3:0013 7-CHLOROHEPTANOL.l CH 2 .(CH 2 ) 5 .CH 20 H C 7 H 16 OCI BeU. S.N. 34 
(w-Chloro-n-heptyl alcohol) I 

M.P. B.P. “ 

lO-ll" <1) (2) 150° at 20 nun. (1) Di® = 0.9998 <1) nff = 1.45367 (1) 

120° at 13.6 nun. <3) 

Cryst. from It. pet. 

[For prepn. of C from a,to-heptamcthylene glycol (m.p. 20.2® (3), 18® (1), b.p. 151® at 
14 mm. (1), 146° at 9 mm. <3)) with cone. HCl as directed (yields: 65% (4), 46.2% (3), 
43% <1)) see indie, refs.] 

[C with thiophenol in aq. NaOH htd. 3 hrs. gives (1) 7-hydroxy-n-heptyl phenyl sulhde, 
ndls. from pet., m.p. 49°; this prod, with SOCI 2 gives {1) 7-chloro-n-heptyl phenyl sulfide, 
brown oil (no consts. reported).] 

[C (1 mole) with Et 2 NH (3-4 moles) in s.t. at 120-160® for 12-15 hrs. gives (86% yield 
(3)) 7-(diethylamino)heptanol-l, b.p. 132® at 9.5 mm., T)^ = 0.8681, == 1.4561, cf. <6); 

this prod, with SOCI 2 in CcHc yjokls <3) (6) 7-(diethylamino)-n-heptyl chloride, b.p. 126° 
at 15 mm., ni) = 1.4528 (3) (corresp. B.HCl, m p. 82-84° (6)).] 

C with morpholine gives <5) aim. quant. 7-(4-morpholinyl)heptanol-l, b.p. 155.5-155.8° 
at 5 mm., D'i^ = 0.9783, — 1 4747 (corresp. iV-phenylcarbamate, m.p. 71.0-72.0® cor.) 

<5). — C (1 mole) with A'^-plienylpiperazino (2 moles) at 100° for 5 hrs. gives <4) in aim. 
100% 3 neld (as salt) (7-hydroxy-n-heptyl )-iV'-phenylpiperazine, m.p. 75.5-76.5° cor. 
(corresp. iV-phenylcarbamate, m.p. 96.5-97.5® cor.). 

(g) 7-Chloro-n-heptyl iV-phenylcarbamate: ndls. from pet. or dil. ale., m.p. 76-77° 
(3), 76° (1). 

3:0013 (1) Bennett, Mosses, J. Chem. Soc. 1931, 1689-1700. (2) Bennett, Reynolds, J. Chem, 

Soc. 1935, 139. (3) Altman, Rec. trav. chim. 57, 951-952 (1938). (4) Anderson, Pollard, J. Am, 

Chern. Soc. 61, 3439-3440 (1939). (5) Anderson, Pollard, J. Am. Cham. Soc. 61, 3440-3441 

(1939). (6) Pyman, Levone (to Boot’s Pure Drug Co.), Brit. 402,159, Dec 21, 1933; Ccn<. 1934, 

I 2005; C.A. 28, 3081 (1934). 

3:0014 lO-CHLORODECANOL-1 CH 2 .(CH 2 ) 8 .CH 20 H C 10 H 21 OCI BeU. I - 426 
( a>-Chloro-n-decyl L Ii- ( 3 13 ) 

alcohol) I 2 — 

M.P. B.P. 

10 - 11 ° (1) 164-165° at 20 nun. {2> Kf = 0.9630 <1) n|,® = 1.45796(1) 

147.5-149° at 9 nun. (3) 

Cryst. from pet. eth. <1). — Almost insol. aq.; eas. sol. ale., ether, CeHo, pet. ether. 

[For prepn. of C from a, «-decamcthylene glycol [Beil. 1-494, Ii-(256), l2-(560)] (m.p. 
74.5° <!)) with cone. HCl (10 vols.) on boilg. 4 hrs. (2) (3) (for improvements of this meth(^ 
see <l)) (yields: 65% (4), 50% (2)) see indie, refs.] 

[C on distn. with fused NaOH loses HCl giving two products regarded (2) as decamethylene 
oxide and decen-l-ol, but their structures have been questioned <3).] 

C with thiophenol in aq. NaOH, heated 3 hrs., yields (1) 10-hydroxy-n-decyl phenyl 
sulfide, ndls. from It. pet., m.p. 66.5® (1); this prod, with SOCI 2 gives 10-chloro-n-decyl 
phenyl sulfide, cryst. from ale., m.p. 27.5° (1). 

C with morpholine gives (5) aim. quant. 10-(4-morpholinyl)decanol-l, m.p. 39,5-40.5°, 
b.p. 164.0-165.0° at 2 mm. (corresp. Ar-(a-naphthyl)carbamate, m.p. 66.5-67.5° cor. (5)). 
— C (1 mole) with N-phenylpiperazine (2 moles) at 100° for 5 hrs. gives (5) in aim. 100% 
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yield (as salt) i^-(10-hydroxy-n-decyl)-iV^-phenylpiperazine, m.p. 67.0-88.0® cor. (cor- 
resp. N-phenylcarbamate, m.p. 95.0-96.0® cor.). 


(g 10-Chlorodecyl iV-phenylcarbamate: iidls. from ale., m.p. 72® (1). 

(g 10-Chlorodecyl N-(a-naphthyl)carbamate: m.p. 63-64® (4). 

3:0014 (1) Bennett. Mosses, J. Chem. Soc. 1031 , 1698-1701. (2) Alberti, Smiecuszewski. 

Monatah. 37 , 411-419 (1906). <3) Franke, Kienberger, Monatsh. 33 , 1191-1196 (1912). (4) 

Anderson, Pollard, J. Am. Chem. Soc. 61 , 3439-3440 (1939). (5) Anderson. PoUard, J. Am. 

Chem. Soc. 61 , 3440-3441 (1939). 


o-CHLOROBENZALDEHYDE 


^HO 

Cl 


C 7 H 6 OCI Beil. Vn- 233 
vni-(132) 


M.P. 11® B.P. 213-214® Df = 1.2512 /if? = 1.56708 

See 3:6410. Division B: Liquids^ Section 1, Dj® > 1.15. 


1,1,1,2,3,3,3-HEPTACHLOROPROPANE Cl H Cl C3HCI7 BeU. I— 

cii_<U4a 

ii A, i ^ 


M.P. 11® B.P. 249® 24 * = 1.7921 

See 3:6860. Division B: Liquids^ Section 1 , > 1.15. 


ng = 1.5427 


r-PHENOXY-n-PROPYL CHLORIDE CgHnOCl 

( 7 -Chloro-n-propyl piienyl ether) 

CH2.CH2.CH2.Cl 


Beil. VI- 142 
VIi— 
Vl2-(146) 


M.P. 11.8-12® B.P. 245-255® D?? = 1.1167 

See 3:8820. Division B: Liquids^ Section 2, D 4 ® < 1.15. 


n-HEXADECANOYL CHLORIDE CH 3 .(CH 2 )i 4 — C=0 CieHaiOCl BeH. H - 374 

(Palmitoyl chloride) L Hi- (167) 

Il2-(341) 


M.P. 12® B.P. 199-200® at 20 mm. 

See 3:9912. Division C: Liquids wUh h.p. reported only at reduced pressure. 


CHLOROMALEYL (DI)CHLORIDE Cl C4HQ2CI3 

hX> 

M.P. 18.7 B.P. 189* = 1.60* 

See 3:6158. DimsUm B: Liquids, Section 1, > 1.16. 


BeU. XVn — 
zvni-(138) 


= 1.51*6 
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— DICHLOROACETIC ACID Cl CjHaOaCla 

H^V-COOH 

ii 

M.P. 13" B.P. 194-195" Df = 1.5649 

See 3:6208. Division B: Ldquids, Section 1, Dj® > 1.15. 


BeU. n - 203 
ni-( 90) 
nr(194) 

» 1.46582 


— /J-METHOXYETHYL TRICHLOROACETATE CsHtOsCIs BeU. S.N. 160 

(Methyl “ cellosolve ** trichloro- CH 2 OCH 3 

iHjOCOCCls 

MJ>. 14.6-14.8" B.P. 98.0-99.5" at 17 aun. 

See 3 : 9250. Dimsion C: lAquids imlh b.p. reported only at reduced preaeure. 

^CHLOROBENZOYL CHLORIDE C 7 H 40 a 2 BeU. IZ - 341 

Cl—/ V-C==0 IXi-(140) 

( 1:1 

M.P. 15" B.P. 321° = 1.3631 = 1.5790 

See 3:6550. Division B: Liquids, Section 1, > 1.15. 


3:0015 1-CHLOROHEXADECANE 

(n-Hexadecyl chloride; 
cetyl chloride) 


CH 8 .(CH 2 )i 4 .CH 2 C 1 C 16 H 33 CI BeU. I -172 

11— 

12- (138) 


B.P. 

M.P. 15^ (1) 289° dec. <6) = 0.8520 <10) nf? = 1.45477 (2) 

13° <2) 193-197° at 10 mm. (est.) <7> 1.4458 <10) 

<3) (4) 176-180° at 6 mm. (2) = 0.8384 (2) 

^-form 12.1° (5) 150° at 5 mm. <8) 

(see text) 150° at 3 mm. (9) 

a-form 7.4° (5) 149-153° at 2 mm. <4) 

(see text) 73-90° at 1 X 10“^ mm. (10) 

Note that C shows dimorphism: the transparent a-variety, f.p. 7.4° (no supercooling), 
when seexled with cryst. which had been cooled to 0°, changes to a white (opaque) fi- 
modification, m.p. 12.1° (5). 


PREPARATION OF C 

[For prepn. of C from hexadecanol-1 (cetyl ale.) (1:5945) with dry HCl gas + 1% 
ZnCb at 160-170° for 6 hrs. (94% yield (11)) or in EtOH with dry HCl gas 6 hrs. at 100° 
(yield unreported (1)) see indie, refs.; note that using 1% ZnCl 2 yield in 6 hrs. at 130° is 
86.8%, rises to a max. of 94.6% at 160°, then falls off again to 89% at 200° (11); note also 
that in absence of any cat. yield at 160° is only 59% even after 20 hrs. and that with other 
cat. yields are low (11).) 

[For prepn. of C from hexadecanol-1 (cetyl ale.) (1:5945) with cone. HCl 4* ZnCl* 
(yields: 65% (4), 62% (2)), with PCI5 (1 mole) at 135° for 5 hrs. (yield unreported (7)) 
cf. (6), with SOCI 2 (excess but without pyridine) (87-89% yield (2)) see indie, ref. — For 
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formn. of C from cetyl ale. + PCls (in pres, of mesityl oxide + AC2O) (61.5% yield) see 
(10). — For formn. of C from cetyl ale. with PCI3 see (5), but note that prod, always conts. 
unchanged cetyl ale. (1 :5945) and cetene-1 (1 :7000) (12) cf. (2).] 

[For prepn. of C from cetyl stearate (1 :2193) with dry HCl gas (97% yield (11)), from 
cetyl acetate (1 :2038) with dry HCl gas -|- ZnCl2 at 180® (13) sec indie, refs.] 

[For formn. of C from a mixt. of K palmitatc H- K chloroacetate by electrolysis see (8).] 

PHYSICAL BEHAVIOR OF C 

[For study of electrophoretic mobility of emulsions of C see (14),] 

CHEMICAL BEHAVIOR OF C 
With Inorganic Reactants 

With metals. [C with Li in dry ether under N2 gives (100% yield (15)) CieHaaLi; on 
carbonation of mixt. with CO2 this is converted (51% yield (15)) to n-heptadecanoic acid 
(margaric acid) (1:0635): note, however, that C with Li in pet. cth. (b.p). 30-35°) gives 
(15) only 63% yield CieHsaLi and this on carbonation only 27% overall yield of margaric 
acid accompanied by other prods. — For analogous reacts, of C with Na see (15) (16); for 
react, of C wdth Ca in dry ether under N2 see (15).J 

C with Mg in dry ether + trace I2 gives in 6 hrs. (96% yield (1)) CicHsaMgCl. 

With NH3. [C with liq. NHs in ale. in s.t. at 170° for 24 hrs. gives (70% yield (17)) 
di-n~hexadccylaminc, cryst. from ale., m.p. 65°, b.p. 220° at 3 mm. (17), accompanied by 
(24% yield (]7))a-hexadecylamine, m.p. 45°, b.p. 146-148° at 3 mm. (B.HCl, Ifts. from 
abs. ale., m.p. 178° (17)).] 

With misc. inorg. reactants. [C over spec, prepd. AI2O3 at 250° loses HCl giving (94% 
yield (18)) of a mixt. of hexadecenes together with other prods.] 

[C with KOH at 200-300° gives (19) palmitic acid (1:0050); C with ale. KSH gives (21) 
n-hexadecyl mercaptan; C with ale. K2S gives (21) di-n-hexadecyl sulfide.] 

[C with Na2803.7H20 (6 moles) at 190-200° for 8 hrs. under press, gives (98% yield (20)) 
sodium cctanesulfonate-l.j 

[For study of rate of reactn, of C with KI in acetone at 50° and 60° see (3).] 

With Organic Reactants 

[C with ale. KOH gives (5) ethyl ;2-hexadecyl ether, f.p. 19.9° (5); C w'ith sodium allyl 
oxide refluxed 30 hrs. gives (70% yield (22)) allyl n-hexadecyl ether, pi. from aq. ale., 
m.p. 25° (22).] 

[C (1 mole) with 33% ale. MeNIIa (1 mole) in s.t. at 140-150° for 18 hrs. gives (68% 
yield (17)) V-methyl-di-n-hexadecylamine, ndls. from ale., m.p. 36-37°, b.p. 269-271° at 
1 mm. (17)_^accompanied by (15% yield (17)) V-methyl-n-hexadecylamine, b.p. 147-150° 
at 1 mm. (B.HCl, m.p. 169-170° (17)). — C (1 mole) with MC2NH (2 moles) in ale. in 
s.t. at 140° for 14 hrs. gives (82.5% yield (17)) V,V-dimethyl-n-hcxadecylamine, b.p. 
158° at 3 mm. (B.HCl, Ifts. from AcOEt/dioxane 5/1, m.p. 198° (17)).] 

C with tertiary amines gives by addn. the corresp. quaternary ammonium salts [e.g., C 
with MegN (2 moles) in ale. in s.t. at 100-105° for 12-16 hrs. (17), or C with MesN (1 mole) 
in closed bottle at 110° for 5 hrs. (7), gives (100% yield (17)) trimethyl-n-hexadecyl- 
ammonium chloride, hygroscopic Ifts. from AcOEt/alc., m.p. abt. 70° (17); for study of 
surface tension of aq. solns. of this salt see (7)1. 

C with pyridine (1 mole) in s.t. at 110° for 15 hrs. (23) or at 120° for 8 hrs. (7) gives 
n-hexadecyl-pyridinium chloride, cryst. with 1 H2O from alc./ether or CeHe, m.p. 83° (23), 
82° (24) [for study of surface tension (7), conductivity (24), and elec, potential (24) of aq. 
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solns, of this salt see indie, refs.; for cat. hydrogenation of this salt to iV-(7i-hexadecyl) 
piperidine.HCl, m.p. 180® see (23); for study of favorable effect of press, on reactn. of C 
with pyridine see (12)j. 

[For analogous reactn. of C with iV,i\r-dimethyI-benzylamine (17) or with isoquinoline 
(23) see indie. refs.[ 

[For reactn. of C with a-picolirie -f NaNH 2 yielding a-(n-hcptade(!yl)pyridine, m.p 
23.5°, b.p. 206° at 2.5 mm., B.PkOH, m.p. 87°, or of C with y-picoliiie + NaNH 2 yielding 
7 - (w-heptadccyl) pyridine, m.p. 33°, b.p. 207-210° at 2.5 mm., B.PkOH, m.p. 115°, see 
(9).] 


n-Hezadecyl ^-nitrobenzoate: m.p. 58.4° cor. (25). [Prepd. indirectly.] 

n-Hexadecyl 3,6-dinitrobenzoate; m.p. 66°. [Prepd. indirectly.] 

iV-(n-Hexadecyl)phthalimide: unreported. 

S-(n-Hexadecyl)isothiourea hydrochloride: m.p. 126-128° (26). [From C with 

thiourea in ale. on refluxing 3-4 days (26).] 

n-Hexadecyl mercuric chloride: cryst. from jjet. eth. or AcOEt, m.p. 114-115° (15). 

[Prepd. indirectly; note that m.p. cf mixts. of this prod, with either n-Ci 2 H 26 HgCl 
(m.p. 114-114.5°) or CigHavHgCl (m.p. 115-116°) is depressed (15).] 

3:0015 (1) Houben, Boedler, Fischer. Ber. 69, 1768-1769; 1779-1780 (1936). (2) Clark, Streight, 

Trans. Roy. Soc. Canada (3) 23, III 77-89 (1929). (3) Conant, Hussey, J. Am. Cftem. Soc. 47, 

485 (1925). (4) Norris, Taylor, J. Am. Chem. Soc. 46, 750 (1924). (5) Phillips, Mumford, 

J. Chem. Soc. 1931, 1732-1735. (O) Tuttscheff, Jahresber. 1860, 406. (7) Hauser, Niles, 

/. Phys. Chem. 45, 954-959 (1940). (8) Matsui, Arakawa, Mem. Coll Set. Kyoto Imp. Univ. 
A-15, 189-194 (1932); Cent. 1932, II 2167; C.A. 26, 5264 (1932). (9) Tschitschibabin, Bull. soc. 

chim. (5) 5, 431-432 (1938). (10) Drake, Marvel. J. Ory. Chem. 2, 394 (1937). 

(11) Guyer, Bieler, Hardmeier, Helv. Chim. Acta 20, 1402-1467 (1937). (12) Fawcett, Gibson, 

J. Chem. Soc. 1934, 396-^00, (13) Deuts(;he Hydrierwerke A.G., Ger. 567,014, Dec. 24, 1932; 

Cent. 1933, I 1015; C.A. 27, 1361 (1933). (14) Dickinson, Trans. Faraday Soc. 37, 140-148 

(1941). (15) Meals, J. Ory. Chem. 9, 211-218 (1944). (16) Morton, LeFevre, Hechenbleikner. 

J. Am. Chem. Soc. 58, 757 (1936). (17) Westphal, Jerchel, Ber. 73, 1006-1011 (1940). (18) 
Asinger, Ber. 75, 12.54-1256 (1042). (19) Schrauth, Gcr. 327,048, Oct. 4, 1920; C.A. 15, 2009 
(1921). (20) Turkiewicz, St. Pilat, Ber. 71, 285 (19.38). 

(21) Fridau, Ami. 83, 16-20 (1852). (22) Davies, Heilbron, Givens, J. Chem. Soc. 1930, 2545. 

(23) Karrer, Kahnt, Epstein, Jaffe, Ishii, Helv. Chim. Acta 21, 233-236 (19.38). (24) Lottermoser, 

Frotscher, Kolloid-Beihefte 45, 305-307, 316, 320, 324, ,340, 34.3 (1937). (25) Armstrong, Copen- 

havor, J. Am. Chem. Soc. 65, 2252-2253 (1943). (26) Sprague, Johnson, J . Am. Chem. Soc. 59, 
1838-1839 (1937). 

O 

s|/ 7 n.‘*o-PIlTHALYL DICHLORIDE d — Cl C 8 H 4 O 2 CI 2 Beil. IX - 805> 

(T 

\/\C— Cl 

M.P. 16° B.P. 376.7° at 760 mm. = 1.4089 

See 3:6900. Dwision B: Liquids, Section 1, > 1.15. 

3-CHLOROBIPHENYL , / ^ CiaHjCl 

M.P. 16° B.P. 284-386° 

See 3:8940. Dwidon B: lAquids, Section 2, 2)^ < 1.15. 


IXi-(363) 


ng = 1.5692 


BeU. V - 579 
V,— 
Vs-(483) 



3:00a0-3:003S 


DIVISION A 


28 


3:0030 •v-CHLORO^-BUTYMC ACID C4H70sCl 

CH».CH*.CH2.C00H 


k 


Beil, n - iS78 
ni-(i?84) 
U2-(253) 


M.P. 

16® (1) 

15 -^ 16 ® < 2 ) 
13-14® (10) 

13® (3) 

10.4® (11) ( 8 ) 


B.P. 

196® at 22 mm. (3) 

115.0-115.5® at 13 mm. (1) 

114° at 11.6 mm. (4) 

111° at 8 mm. (10) 

107-108® at 6 mm. (10) 

93.5-94® at 3 mm. (2) 




1.3336 (5) nl> == 1.4513 (5) 


Oryst. from ether 4 - pet. ether; spar. sol. aq. 

[For prepn. of C from 7 -chloro-n-butyronitrile (itself prepd. (60-70% yield ( 6 )) from 
trimethylene chlorobromidc) or from methyl 7 -chloro-n-butyrate (3:8517) (10) by hydroly- 
sis with cone. HCl (4) (5) ( 1 ) ( 2 ) see indie, refs.; from 7 -butyrolactonc (1 :5070) with dry 
HCl see (1); from cyclopropanecarboxylic acid [Beil IX-4, IXi-(3)] in ether with dry HCl 
at 0 ® see ( 3 ); from n-butyric acid (1:1035) with SO 2 CI 2 + dibenzoyl peroxide in CCI 4 
^45% C + 10 % ot- and 45% / 8 -isomers) see (7).] 

C on htg. above 180° loses HCl yielding ( 8 ) 7 -butyrolactone (1 :5070), b.p. 206®. 

C with ales, yields corresp. esters (for study of rate of esterification of C with EtOH see 
( 9 )). — C with SOCI 2 yields 7 -chloro-n-butyryl chloride (3 : 5970) q.v. 


Methyl 7 -chloro-n-butyrate: b.p. 175° (see 3:8517). 

Ethyl 7 -chloro-n-butyrate: b.p. 186° (see 3:8597). 

(p 7 -Chloro-n-butyramide: m.p. 88-90° ( 8 ). [From Me 7 -chloro-n-butyrate (3:8517) 
with NH 4 OH ( 8 ).] 

® 7 -Chloro-n-butyr-anilide: Ifts. from CeHe + pet. eth., m.p. 69-70° cor. (2) (10). 
[From 7 -chloro-n-butyryl chloride (3:5970) with aniline in ether (2) or CeHc (10).] 
[This prod, on fusion with 3 pts. KOH yields (2) (by ring closure) iV-phenyl-a-pyr- 
rolidone [Beil. XXI-237], m.p. 68-69° cor. (2).] 

® 7 -Chloro-n-butyro-^-toluidide: cryst. from CeHe + pet. eth., m.p. 95® (10), 91-92.5° 
cor. (after prelim, sintering) (2). [From 7 -chloro-n-butyryl chloride as above (2).] 
[This prod, on fusion with 3 pts. KOH yields (2) (by ring closure) JV~(p-tolyl)~a- 
pyrrolidone [Beil. XXI-2371, m.p. 88-89® cor. ( 2 ).] 

3:0020 (1) Cloves, Ann. 319, 360-363 (1901). (2) Lipp, Caspers, Ber. 58, 1012-1014 (1925). 

(3) de Barr, Am. Chem. J. 22, 335-336 (1899). (4) WoUgemuth, Compt. rend. 158, 1578 (1914); 

Ann. chim. (9) 2, 305-307 (1914). (5) Schjan^rg, Z. physik. Chem. A-172, 226, 233 (1935). 

(6) Allen, Otq. Syntheses, CoU. Vol. 1 (2nd ed.), 156-157 (1941), 8, 62-53 (1928). (7) Kharaseh, 

Brown, J. Am. Chem. Soc. 62, 926-929 (1940). (8) Henry, Bull. soc. chim. (2) 45, 341-342 (1886). 

(9) Lichty, Ann. 319, 374 (1901). (lO) Blicke, Wright, Zienty, J. Am. Chem. Soc. 63, 2489- 

2490 (1941). 

(11) Conant, Kirner, J. Am. Chem. Soc. 46, 244 (1924). 


3: 0035 </,f-/3-CHLORO-n-BUTyiUC ACID C 4 H 7 O 2 CI Beil. H - 277 

CH 8 .CH.CH 2 .COOH ni-(123) 

(Ij n,-(353) 

M.P. B.P. 

le-ie-S” <I) (2) 116° at 22 nun. (1) =• 1.1861 {3> 

110-113° at 20 nun. (3) 

108.5- 109.5° at 17 nun. (4) - 1.1898 (6) ng - 1.4421 (6) 

108° at 16 nun. (5) 

98.5- 90.5° at 12 nun. (2) 


1.4421 (3) 
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White cryst. from dry ether, melting to colorless liq. 

[For prepn. of C from a-crotonic acid (1:0426) by sath. of ether soln. with dry HCl 
(1) (7) <8), or with aq. HCl at 80-100® in s.t. <6), or by boilg. with 20% HCl (9) see indie, 
refs.; from allyl cyanide with fumg. HCl at 60-60® see (10); from 3-chlorobutanol-l (3:9166) 
by oxidn. with alk. KMn04 see (11); from /6-chloro-n-butyraldehyde (3:9110) by oxidn. 
with cone. HNO3 see (12); for formn. of C from n-butyric acid (1:1036) with SO2CI2 + 
dibenzoyl peroxide in CCI4 (45% C together with 10% o-chloro and 45% 7-chloro isomers) 
see (13); for fomm. of C from /9-amino-n-butyric acid in 25% aq. HCl with NOCl under 
press, see (14).] 

C on htg. with theoret. quant, dil. aq. alk. loses HCl giving quant, yield (2) (11) a- 
crotonic acid (1:0425), m.‘p. 72®. [For study of velocity of reactn. of C with H2O at 150®C 
see (1), of rate of loss of HCl from NaA by aq. at 70® see (15).] 

C with EtOH yields ethyl /3-(diloro-n-butyrate (3:8373) [for study of rate of esterifica- 
tion see (4)]; C with SOCI2 yields (2) jCJ-chloro-?i-butyryl chloride (3:9100) q.v. [for study 
of behavior of C on cat. hydrogenation see (16)]. 

C with NH3 gives (17) i8-hydroxy-n-but3rramide [Beil. IIIi-(116)]. 

C on conversion to NaA, dislvd. in pts. aq. and stood 1 day with NaOAc + phenyl- 
hydrazine yields (18) (21) /?-phenylhydrazino-n-butyric acid [Beil. XV-324], Ifts. from 
ale., m.p. Ill® (18) (21). [This prod, on warming with cone. H2SO4 ring-closes to 1-phenyl- 
5-methylpyrazolidonc-(3), m.p. 127® (18) (21).] 

Methyl /3-chloro-n-butyrate: b.p. 156® (see 3:8224). 

Ethyl /9-chloro-n-butyrate : b.p. 169® (see 3:8373). 

/S-Chlorobutyramide: unreported. 

(g) /3-Chloro-n-butyranilide: cryst. from dil. ale., m.p. 89-90® (18), 90® (19). [From 
/3-chloro-n-butyryl cldoride (3:9100) with aniline (18) in acetone soln. (19).] (This 
prod, on htg. with AICI3 gives (55% yield (19)) 4-methyl-2-keto-tetrahydroquinoline, 
m.p. 98® (19).] 

<gi /S-Chloro-7i-butyro-^-toluidide: cryst. from dil. ale., m.p. 124® (19), 115® (20). [From 
/8-chloro-n-butyryl chloride (3:9100) with p-toluidine (20) in acetone soln. (19).] 
[This prod, on htg. with AICI3 gives (57% yield (19)) 4,6-dimethyltetrahydroquinoline, 
m.p. 131® (19).] 

3:0035 (1) de Barr, Am. Chem. J. 32, 335, 342-343 (1899). (2) Cloves, Ann. 319, 358-360 (1901). 
(3) von Auwers, Ann. 421, 37 (1921). (4) Lichty, Ann. 319, 370, 373 (1901). (5) Lov6n, 
Johansson, Ber. 48, 1266 (1915). (6) Schjanberg, Z. phyaik. Chem. A-172, 232 (1935). (7) 

Scheibler, Ber. 48, 1443 (1915). (8) von Auwers, Mtiller, J. prakl. Chem. (2) 137, 128 (1933). 

(9) Kaufler, Monatah. 63/64, 124 (1929). (10) Pinner, Ber. 12, 2056 (1879). 

(11) I. G., Brit. 479, 690, Feb. 10, 1938; Cent. 1938, I 3833; C.A. 32, 5003 (1938). (12) Kar- 

otnikow, J. Ruaa. Phya.-Chem. Soc. 11, 252 (1879). (13) Kharasch, Brown, J. Am. Chem. Soc. 62, 

925-929 a940). (14) Fischer, Scheibler, Cent. 1911, II 442; Ann. 383, 354-356 (1911). (15) 

Simpson, J. Am. Chem. Soc. 40, 680 (1918). (16) Paal, Schiedewitz, Ber. 62, 1937, 1939 (1929). 

(17) Scheibler, Magasanik, Ber. 48, 1812 (1915). (18) Michael, Ber. 34, 4052-4053 (1901). 

(19) Mayer, van Ziitphen, Phillips, Ber. 60, 860-861 (1927). (20) Wolffeni^in, Rolle, Ber. 41, 

736 (1908). « 

(21) Lederer, J. prakt. Chem. (2) 46, 87-89 (1892). 


3:0050 d,I-a-CHLORO-ISOVALERIC ACID C6H9O2CI Beil. H -316 

(a-Chloro-jS-methyl-n-butyric acid) CH3 — CH CH COOH III— 

Chj Cl 


MJ». 16''(l) B.P. 210-312“ at 766 mm. (1) Z)‘i* 

12&-126° at 32 mm. (1) 


n‘i = 1.44496 (1) 


1.135 <1) 



3:0050-3:0060 


DIVISION A 


30 


C is insol. aq.; sol. in ale. or ether. 

[For prepn. from a-chloroisovaleronitrile with cone. HCl at 100° see <1); from sodium 
isovalerate with aq. HOCl see (2).J 
C with PCI3 yields (1) a-chloroisovaleryl chloride (3:8144). 

Methyl a-chloro-isovalerate: unreported. 

Ethyl a-chloro-isovalerate : unreported. 

a-Chloro-isovaleramide: unreported. 

a-Chloro-isovaler-anilide: unreported. 

a-Chloro-isovalero-^-toluidide : unreported. 

3:0050 (1) Servais, Rec. trav. chim. 30, 51-53 (1901). <2) Schlebusch, Ann. 141, 323 (1867). 


1,2,4-TRICHLOROBENZENE 


M.P. 17° B.P. 213° cor. 



CeHaCls 


See 3:6420. Division B: Liquids^ Section 1, > 1.15. 


Beil. V - 204 
Vr(112) 
V2-(166) 


m-CHLOROBENZALDEHYDE 



C7H5OCI 


M.P. 17° B.P. 216° Df - 1.2410 

See 3:6475. Division B: Liquids^ Section 1, DJ® > 1.15. 


Beil. Vn - 234 
Vni.(133) 

nf? = 1.6591 


2,2,2-TRICHLOROETHANOL-l CI3C.CH2OH C2H3OCI3 Beil. I - 338 

(/9,/3,/3-Trichloroethyl alcohol) Ii-(170) 

l2-(337) 

M.P. 17-18° B.P. 151° 

See 3:5775. Division B: Liquids, Section 1, D4® > 1.15. 


3:0060 BENZOHYDRYL CHLORIDE H -CiaHnCl 


(Diphenylmethyl chloride, 
diphenylcarbinyl chloride, 
diphenyl-chloromethane, 
a-chlorodiphenylmethane ) 


Oi’-O 

Cl 


Beil. V - 590 
Vi-(a78) 
Vy.(600) 


M.P. 


B.P. 



[20.5° 

(1)1 

190-191° 

at 247 mm. (12) Z>i® ® = 1.1398 (10) n]| ® 

18° 

(2) 

173° 

at 19 mm. 

(13) (14) 

17.6 

(3) 

169-170° 

at 17 mm. 

(10) 

17-18° 

(4) 

165° 

at 17 mm. 

(15) 

17° 

(5) 

167° 

at 16 mm. 

(4) 

13-15° 

(6) 

165.5° 

at 15 mm. 

(1) 

14.5° 

(7) 

161-162° 

at 13 mm. 

(3) 

14° 

(8) 

158.0-159.5° 

at 12 mm. 

(1) 

<9) (24) 

155-157° 

at 12 mm. 

(16) 

f 

s: 

0 

(10) 

156° 

at 10 mm. 

(7) 


1.5959 <10) 
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3:0060 


12-14® (11) 148-150® at 6 mm. (6) 

146.5-147.6® at 6 mm. (17) 

141® at 4 mm. (18) 

135-145® at 4 mm. (8) 

119-120® at 2.6 mm. (19) 

113-114® at 1.6 mm. (5) 

115-116® at 1mm. (19) 

115® at 1 mm. (3) 

0 rapidly becomes turbid in contact with atmosphere and should be kept in sealed 
tubes (1). — C on attempted distn. at ord. press, loses HCl and gives 1,1,2,2-tetraphenyl- 
ethane (Beil. V-739, Vi-(371)] (20), m.p. 211®, and 1,1,2,2-tetraphenylethylene [Beil. 
V-743, Vi-(376)] J9), m.p. 227®. 

[For prepn. of C from diphenylcarbiiiol (1 :5960) with dry HCl gas alone (9) (21), or in 
CeHe (92% yield (14)), or in CeHe + CaClg (yield: 90% (1), 85% (3)) (11) (17), with 
SOCI2 in toluene (93.3% yield (2)), with PCU in POCI3 (92% yield (14)), or with BeCL 
(77% yield (8)) see indie, refs.; from diphenylmethane (1 :7120) with PCI5 at 170® (together 
with other products) (22) or with NOCl (together with other products) (23) see indie, refs.: 
for formn. of C from diphenylcarbinyl MgBr with CICN (42% yield + 8% diphenylacetoni- 
trile + 5% 1,1,2,2-tetraphenylethane) see (10); from 6is- (diphenylcarbinyl) ether in CeHe 
with HCl gas (77% yield) see (1); from diphcnylcarbinylhydrazine with boilg. dil. HCl see 
(24); from diphenyldiazoraethane with HCl gas in ether at —80® see (25).] 

[C with molecular Ag in CeHe in absence of O 2 gives 100% yield (19) of 1,1,2,2-tetra- 
phenylethane (see first paragraph); in pres, of pure O2 yield drops to 2-8% and other 
products are formed (19); C in CeHe refluxed some hours with Na gives (80-90% yield 
(14)) (9) (21) 1,1,2,2-tetraphenylothane (see first paragraph); C with Na in liq. NH3 gives 
(26) 1,1,2,2-tetraphenylethano (65% yield) -f diphenylmethane (1:7120) (27% yield).] 

C in dry ether treated with Mg + trace of I2 in.mediately ppts. 1,1,2,2-tetraphenylethane 
whose 3neld may reach 95.5% (2); however, under special conditions (6) C in ether with 
Mg + trace of I2 gives (51-71%) corre.sp. RMgCl cpd.; this prod, upon treatment with 
CO2 gives (yield: 84% (6), 32.5% (2)) diphcnylacetic acid (1:0765), m.p. 148°; the RMgCl 
cpd. does not react (2), however, with phenyl isocyanate. 

[C with pure AICI3 immediately resinifies (11); however, C in CeHe with AICI3 gives (11) 
triphenyl-chloromethane (3:3410) 4- diphenylmethane (1:7120) with a very little tri- 
phenylmethane (1:7220).] 

[C htd. with 20% aq. Na2S03 soln. for 3 hrs. at 120® gives (100% yield (28)) (27) bis- 
(diphenylmethyl) ether [Beil. VI-679, VIi-(326)], cryst. from ale., m.p. 109® (27), 110° (17); 
note that this reaction probably results from intermediate diphenylcarbinol and that 
none of the expected sulfonate can be isolated.] 

[For reactn. of C with phenols + ZnCL yielding mono-, di- or tri-alkylated phenols 
according to conditions see (13) (29) cf. (30); for reactn. of C with thiophenols see (31); for 
reactn. of C with excess Br.Mg.C^C.MgBr giving (40-50% yield) 1,1,4,4-tetraphenyl- 
butine see (32); for reactn. of C with anthrone + KOH see (33).] 

C with aq. hydrolyzes yielding diphenylcarbinol (1:5960) or its reactn. products accord- 
ing to particular conditions; for extensive studies see (34) (12) (35) (18) (40) (35). — C with 
EtOH undergoes alcoholysis yielding ethyl diphenylcarbinyl ether + HCl (for very ex- 
tensive studies of this and related reactions see (1) (36) (4) (17) (37) (7) (35). — C after 
warming with ale. may then be titrated quant, with stand, alkali using phenolphthalein (1). 

Diphenylcarbinyl acetate [Beil. VI-680, VIi-(326)]: cryst. from AcOH, m.p. 40-41®. 

[From C with KOAc in AcOH (22).] 
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(A Diphenylcorbinyl benzoate: cryst. from ale., m.p. (39), 86-^° (38). 

C in C«H« on shaking with silver benzoate (38); see also text under diphenylcarbinol 
(1:5960).] 


S:M60 (1) Ward, J. Chem. Soe. 191X1, 2285-2295. (2) GUman, Kirby, J. Am. Chem. Sx. 4S, 

1733-1736 (1926). <3) Weisabcrger, Saiigewald, Z, physik. Chem, B-20, 149 (1933). (4/ Norns, 

Banta, J. Am, Chem, Soc, 60, 1804-1808 (1928). <5) Smith, Andrews, J. Am. Chem. S^. 63, 

3649-3650 (1931). (6) Gilman, Zoellncr, J. Am. Chem. Soc. 3984-3988 (1930). <7) Nixon, 

Branch. J. Am. Chem. Soc. 68, 492-498 (1936). (8) Bredereck. Lehmann, SchOiifeld, Fritzsche, 

Ber. 73. 1424 (1939). (9> Engler, Bethge, Ber. 7, 1128-1129 (1874). (10) Grignard, Ono, 

BtM. soc. chim. (4) 39, 1594 (1926). 

(11) Boesekeii, Rex:, trav. chim, 23, 312-314 (1903). (12) Taylor, J. Am. Chem. Soc. 60, 2094- 

2096 (1938). (13) Van Alphen, Rcc. trav. chim.4S, 799-800, 803, 811-812 (1927). (14) Montague, 

Rec. trav, chim. 36, 403-404, 408 (1906). (15) Straus, Diitzmanii, J. prakt. Chem. (2) 103, 42 

(1921 122). (16) Rule, Bain, J. Chem. Soc. 1930, 1899. (17) Farinacci, Hammett, J. Am. Chem. 

Soc. 69, 2542-2546 (1937). (18) Church, Hughes, /. Chem. Soc. 1940, 920-926. (19) Nauta, 

Mulder, Rec. trav. chim. 68, 1070-1080 (1939). (20) Anschtttz, Ann. 336, 220 (1886). 

(21) Engler, Ber. 11, 927 (1878). (22) Cone, Robinson, Ber. 40, 2162-2163 (1007). (23) 

Perrot, Compt. rend. 198, 1425 (1934). (24) Diirapsky, J. prakt. Chem. (2) 07, 129 (1903). 

(25) Staudinger, Anthes, Pferminger, Ber. 49, 1936-1937 (1916). (26) Dean, Berchet, J. Am. 

Chem. Soc. 63, 2825 (1930). (27) Wedekind. Schenk, Ber. 44, 201-202 (1911). (28) Schenk, 

Pharm. Ztg. 64, 725; Cetd. 1909, II 1916. (29) Busch, Z. angew. Chem. 38, 1145-1146 (1925). 

(30) Busch, Knoll, Ber. 60, 2243-2257 (1927). 

(31) Finzi, Bellavita, Gazz. chim. ital. 63,699-709 (1932). (32) Wieland, Kloss, Ann. 470, 

215 (1929). (33) Barnett, Goodway, J. Chem. Soc. 1939, 813-814. (34) Straus, Hussey, Ber. 

43, 2180-2181 (1900). (35) Bateman, Hughes, Ingold, J. Am. Chem. Soc. 60, 3080-3082 (1938). 

(36) Norris, Morton, J. Am. Chem. Soc. 60, 1795-1803 (1928). (37) Kny-Jones, Ward, J. Am. 

Chem. Soc. 67, 2394-2390 (1935). (38) Blicke, Powers, J. Am. Chem. Soc. 51, 3382 (1929). 

(39) Linnemanu, Ann. 183, 22 (1805). (40) Church, Hughes, J. Chem. Soc. 1940, 900-970. 


3: 0075 a-CHLORO-n-VALERIC ACID C5H9O2CI Beil. H -303 

CH2.CH2.CII2.CH2.COOII II, ^ 

i. 

M.P. 18*’ (1) 

4“ (2) 

Cryst. from ether -f pet. ether. 

[For prepa. of C from 5-phenoxy-n-valeric acid [Beil. VI-165] by htg. with fumg. HCl in 
B.t. at 180° see (2) (4); from diethyl y-chloro-n-propylmalonate [Beil. lIi-(278)] with 6 TV 
HCl see (3); from 5-iodo-w-valeric acid [Beil. 11-304, Il2-(270)] by susp. in cone. HCl and 
htg. with AgCl see (1).] 

C distils at 141-149° at 12 mm. with sL decomp. (1). — C on htg. between 195-240° at 
ord. press, evolves HCl and leaves a viscous oil (1). C htd. very rapidly at ord. press, 
over a free flame yields (1) (2) a little 6-vaIerolactone (1 : 1139). 

C with SOCI2 yields (5) 6-chloro-n-valeryl chloride (3 ; 9264), b.p. 75-80° at 5-8 mm. (6). 

Methyl 5-chloro-ii-valerate: unreported. 

Ethyl 6-chloro-n-valerate: see 3:8727. 

5-Chloro-/t-valera2nide; unreported. 

6-Chloro-n-valeranilide : unreported. 

5-Chloro-n-valero-^-toluidide : unreported. 

3:0075 (1) Cloves, Ann. 319, 363-366 (1901). (2) Funk, Ber. 26, 2574-2576 (1893). (3) 
Mellor, J. Chem. Soc. 79, 132 (1901). (4) Conant, Kirner, J. Am. Chem. Soc. 46, 244-246 (1924). 
(5) Child, Pyman, J. Chem. Soc. 1931, 41. 
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3:0085 2-HYDROXyBENZOYL CHLORIDE CyHjOjCI Befl.Z— 

(Salioyloyl chloride) Xx-(43) 

OH 


M.P. 


B.P. 



19-19.5® 

(1) 

93® 

at 16 mm. 

(4) D?? = 1.3112 (7) 

18® 

(2) (7) 

90® 

at 11 mm. 

(6» 

17.5-18® 

(3) 

86-87® 

at 11-12 mm. (2) 



63® 

at 4 mm. 

(7) 



59® 

at 0.6-1 mm. (2) (1) 



56® 

at 1 mm. 

<6> 


= 1.5813 (7) 


Colorless liq.; contrary to stability originally claimed (3), C is now (1) regarded as very 
unstable, must be used as soon as prepd. since upon keeping (even in sealed tubes) it rapidly 
decomposes and sometimes explodes. 

[For prepn. of C from salicylic acid (1:0780) with SOCI2 in boilg. CsHe (80% yield (1) 
(7» (4), with SOCI2 4- trace of AICI3 at 45-50® {2> (15), with COCI2 (3:5000) in CeHe in 
pres, of tertiary bases such as quinoline (8), or with oxalyl (di)chloride (3:5060) in CeHe 
(98% yield (9)) see indie, refs.; for prepn. of C from sodium (or other) salts of salicylic 
acid (1:0780) with SOCI2 (yields: 38% (3), 36% (5)) (10) (11) (12) (13) (6) or with COCI2 
(3:5000) in toluene (14) see indie, refs.] 

[C on htg. at 20 mm. begins to lose HCl at 110® yielding (1) polysalicylids; C in CeHe 
with diethylaniline yields (1) a-disalicylid, cryst. from CHCI3, m.p. 210-212® (1), c.f. 

(16) (17); C with PCI5 yields 0-CI.CO.C6H4.OPCI4 together with other P derivs. (17).] 
[For reactn. of C with Na.C=C — CeHe and ring closure of prod, to flavone see (18); for 

reactn. of C with l,3-dichloropropanol-2 (glycerol a,a'-dichlorohydrin) (3:5985) see (19).] 
C with phenol at 50® yields (15) phenyl salicylate (“ Salol **) (1:1415), m.p. 42®. [For 
reactn. of C with 2-iodoethanol yielding corresp. /S-iodoethyl salicylate see (22); for reactn. 
of C with ale. KSH yielding o-thiolsalicylic acid, m.p. 33® see (23).] 

C with a-naphthylamine yields (20) salicyl-a-naphthalide [Beil. XII-1248], m.p. 187® 
(20); C with /8-naphthylamine yields (20) salicyl-/S-naphthalide, m.p. 188-189® (20); C 
(2 moles) with benzidine (1 mole) yields (21) iVjiV'-disalicyloylbenzidine (use in fixation 
of basic dyes on cotton (21)). 

C with urea in ether yields (24) iV-salicyloylurea (salicyl-monoureide) cryst. from AcOH 
or MeOH, m.p. 192® dec. (24). 

[C with MeOH presumably yields methyl salicylate (1:1750), b.p. 224®; C with EtOH 
yields ethyl salicylate (1 : 1755), b.p. 234®,] 

C on hydrolysis presumably yields salicylic acid (1 :0780) q.v. 

3:0085 ( 1 ) Anschutz, RiepenkrOger, Ann. 439, 2-4 (1924). (2) Kirpal, Ber. 63, 3190 (1930). 

(3) Kopetschni, Karezag, Ber. 47, 235-237 (1914). (4) Wolffenstein, Ger. 284,161, May 10, 

1915, Cent. 1915, I 1290. (5) McMastor, Ahmann, J. Am. Chem. Soc. 50, 148 (1928). (6) 

Kahovec, Kohlrausch, Z. physik. Chem. B-38, 137 (1938). (7) Lukasiak, Roezniki Farm. 13, 
1-36 (1934) ; Cent. 1935, 1 3005; C.A. 30, 7163 (1936). (8) Soc. Chem. Ind. Basel, Brit. 401,643. 

Dec. 14, 1933; Cent. 1934, II 2133; French 732,078, Sept. 13, 1932; Cent. 1934, I 287. (9) 
Adams, Uhlig, J. Am. Chem. Soc. 43, 604 (1920). (lO) Anschiitz, Ann. 454, 95 (1927). 

(11) Higgins (to British Synthetics, Ltd.), U.S. 1.684,273, Sept. 11, 1928; Brit. 278,463, 
Nov. 11, 1927; French 632,767, Jan. 14, 1928; Swiss 129,881, Jan. 2. 1929; Cent. 1939, I 2471. 
(12) Kopetschni, Karezag, Ger. 262.883, July 25, 1913, Cent. 1913, II 728. (13) Bogert, McColm. 
J. Am. Chem. Soc. 49, 2651-2652 (1927). (14) Kopetschni, Karezag, Ger. 266,361, Oct. 21, 1913; 
Cent. 1913, II 1716. (15) Dvornikoff (to Monsanto Chem. Co.), U.S. 2,007,013, July 2, 1935; 
Cent 1936, 1 1053; C.A. 39, 6603 (1935). (16) Anschutz, J. prakt. Chem. (2) 105, 168-164 (1923). 

(17) Anschutz, Ann. 489, 270-272 (1924). (18) Simonis, Z. angew, Chem. 39, 1462 (1926). 
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(19) Humnicki, Roczniki Chem, 11 | 670-673 (1931) ; Cent, 1931 » II 3334< (20) JusA* Bi08s» 

Jlf onoteA. S8, 143 (1931). 

(21) GOnther, Haller, KOstcr (to I.G.), Ger. 441,326, March 1, 1927; Cent. 1927 , 1 ^68. (22) 

Farbwerke Meister Lucius & Briining, Ger. 360,491. Oct. 3, 1922; Cent. 1923 , II 479. (23) Chem. 

Fabrik. von Heyden, Ger. 365,212, Dec. 11. 1922; Cent. 1928 , II 251. (24) Kaufmann, ArcA. 

Pharm. 2 * 5 , 235-236 (1927). 


SUCCINYL (DI)CHLORIDE Cl C4H40sCl2 

CH2— c=o 
<!)H?-C =0 
(*:i 

M.P. 20" B.P. 193° at 760 mm. tie = 1.3748 

See 3:6200. Division B: Liquidsy Sectum 1, DJ® > 1.15. 


BeU. n - 613 
ni-(?564) 
n2-(663) 


n|? = 1.4683 


METHYL m-CHLOROBENZOATE 


COOCHs C8H7O2CI BeU. IX-338 

IXi- 


M.P. 20-21° B.P. 231° at 763.6 mm. 

See 3:6670. Division B: Liquids^ Section 1, D\^ > 1.15. 


^-CHLOROACETOPHENONE 

Cl 


M.P. 20-21° 


B.P. 232° 



Bea. Vn - 281 
VIIi-(161) 


See 3:6735. Dimsion B: Liquids, Section 1, D^ > 1.15. 


co,a)-DICHLOROACETOPHENONE CsHcOClz Beil. VII - 282 

vni-( 152 ) 

M.P. 20° B.P. 247-248° 

See 3:6835. Division B: Liquids, Section 1, D^ > 1.15. 


/ V-c— CHCI2 


3:0090 />-CHLOROPHENETOLE Cl< ( ^ C2H5 CsHgOCl 
(p-Chlorophenyl ethyl ether) 


Beil. VI- 187 

VIi— 

Vl2-(176) 


M.P. 21° (1) B.P. 211.6° cor. (3) DigJ - 1.12310 (2) nj? « 1.5227 (5) 

20.9° (2) 210-212° {1)<4> 

20° {3} 


Colorless oil, volatile with steam (6). 

[For prepn. from p-chlomphenol (3:0475) + CgHsI in presence of KOH see <1), in 
pr^ence of K2CO3 4- acetone (74% yield) see (4).] 

C grad, added to 2 pts. cone. HNO3 (f5= 1485) with cooling, then poured intoaq., gives 
(6) 4-chloro-2-nitrophenetole [Beil VI-238], pale yel. ndls. from ale., m.p. 61° <6). [The 
mother liquor contains some 4-chloro-2,6-dinitrophenol [Beil. VI-260], m.p. 80° (6).] 
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C htd. at 100® with abt. 30 pts. of a soln. of const.-boilg. HBr (1 vol.) in AcOH (2 vols.) 
for 2 hrs. gave (4) 85% yield of p-chlorophenol (3:0475). 

® 6-Cliloro-2-ethoxybenzenesulfonamide: cryst. from dil. ale., m.p. 134-134.5® u.c. (7). 
[From C by treat, with chlorosulfonic ac. followed by conversion of the intermediate 
sulfonyl chloride to the sulfonamide by treatment with (NH4)2C03 (71% yield (7))]. 
[Note that this prod, depresses the m.p. of the corresponding deriv. (m.p. 132-133® 
u.c.) from o-chlorophenetole (3:8735) (7).] 

3:0090 (1) Beilstein, Kurbatow, Ann. 176, 31 (1875). (2) Swarts, J. chim. phys. 20, 76 (1923). 

(3) Peratoner, Ortoleva, Gazz. chim. ital. 28, 1 226 (1898). (4) Borosel, J. Am. Chem. Soc. 63, 

1408-1409 (1931). (5) Cotton, Moutori, Ann. chim. (8) 28, 216 (1913). (6) Reverdin, Dilring, 

Ber. 32, 163 (1899). (7) Huntress, Garten, J, Am. Chem. Soc. 62, 603-604 (1940). 

3:0095 l-CHLORO-OCTADECANE CH 3 .(CH 2 )i 6 .CH 2 Cl C 18 H 37 CI Beil. S.N. 10 

(n-Octadecyl chloride; 
stearyl chloride) 

M.P. 21® (1) B.P. 180-190® at 12 mm. (1) (2) 

18® (2) 

Care must be taken to avoid confusion of C with the acid chloride of stearic acid which 
is often designated as stearoyl chloride (3:9960). 

[For prepn. of C from octadecanol-1 (stearyl ale.) (1:5953) with excess PCI5 on htg. 
(no statement of yields) <1) (10) or with PCU in SOCI2 (100% yield (10)) see indie, refs.) 

[For study of heat of adsorption of C on steel and its bearing on lubrication see (1); for 
study of electrophoretic mobility of emulsions of C sec (3).] 

C with Mg in dry ether yields (4) n-CigllsTMgCl [this prod, with cyclopcntanone (1 : 5446) 
gives (4) a tertiary ale. which on dehydration with KH8O4 yields (4) n-octadecylcyclo- 
pentene, b.p. 173-174® at 3 mm., m.p. 19®, D'^ — 0.8462; similarly CigHsTMgCl with 
cyclohexanone (1:5465) gives (4) a tertiary ale. which with KHSO4 loses aq. giving (4) 
w-octadecylcyclohexene, b.p. 179-180® at 3 mm., m.p. 20®, = 0.8458]. 

[C with CeHg + AICI3 undergoes Friedel-Crafts reactn. yielding (4) n-(?)-octadecyl- 
benzene [Beil. V-473, Vi-(361)], m.p. 25-26®, b.p. 180-181® at 3 mm., Df = 0.8566, 
nl?_= 1.4826.) 

C (1 mole) with pyridine (1 mole) in s.t. at 110° for 15 hrs. gives (5) the corresp. quaternary 
salt, iV^-(n-octadecyl)pyridinium chloride, cryst. from ale. /ether or CgHe as monohydrate, 
m.p. 82® (5), 86° (6); for study of conductivity and electric potential of latter see (6). 

n-Octadecyl ^-nitrobenzoate: m.p. 64.3® cor. (7). [Prepd. indirectly.) 

n-Octadecyl 3,5-dmitrobenzoate : unreported. 

iV- (n-Octadecyl )phthalimide: unreported. 

S-(n-Octadecyl)isothiourea: m.p. 83-86® (8). [Prepd. indirectly.) 

n-Octadecyl mercuric chloride: m.p. 115-116® (9). [Prepd. indirectly: note that 

m.p. of this prod, either with CieHssHgCl (m.p. 114-115°) or with CisHsrHgBr 
(m.p. 110-111®) is depressed (9).] 

3:0096 ( 1 ) Frewing, Proc. Roy. Soc. {London) A-182, 270-286 (1944). (2) Meyer, Streuli, 
Hdv. Chim. Acta 20, 1179-1183 (1937). (3) Dickinson, Trans. Faraday Soc, 37, 140-148 (1941). 

(4) Suida, Gemassner, Ber. 72, 1168-1173 (1939). (6) Karrer, Kahnt, Epstein, Jaffe, Ishii, 

Helv. Chim. Acta 21, 233-234 (1938). (6) Lottermoser, Frotscher, KoUoid-Beichefte 4tS, 305-306, 

320-321, 326, 341 (1937). (7) Armstrong, Copenhaver, J. Am. Chem. Soc. 66, 2252-2253 (1943). 

(8) Snell, Weissberger, J. Am. Chem. Soc. 61, 453 (1939). (9) Meals, J. Org. Chem. 9, 213-217 
(1944). (10) Davies, Heilbron, Owens, J. Chem. Soc. 1930, 2546. 
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n-OCTAD£CANOYL CHLORIDE CisHssOCl BeH. H - 384 

(Stearoyl chloride) CH3.(CH2)i6 — C==0 Hi- (176) 

^ ILr(360) 

M.P. 23-24® B.P. 216® at 16 mm. 

See 3:9660. Division C: Liquids vrUh 6.p. reported only al reduced pressure. 

3:0100 1-CHLOROHEPTADECANE CH8.(CH2 )ib.CH 2C1 C17H35CI Beil. I — 

(w-Heptadecyl chloride) Ii-(69) 

I2 — 

M.P. 24® (1) B.P. 192-195® at 10 mm. (1) 

[For prepn. of C from V-benzoylheptadecylamine (JV’-(n-heptadecyl)benzamide) with 
PCIb on distn. (50% 3rield) see <1); from silver stearate (or other stearates of metals of 
1st, 2nd, or 3rd group) with CI2 see (2).] 

n-Heptadecyl ^-nitrobenzoate: m.p. 53.8® cor. (3). [Prepd. indirectly.] 

n-Heptadecyl 3,6-dmitrobenzoate: unreported. 

N- (n-Heptadecyl )phthalimide: unreported. 

S-(n-Heptadecyl)isothiourea picrate: unreported. 

n-Heptadecyl mercuric chloride : unrcported. 

3:0100 (1) von Braun, Sobecki, Ber. 44, 1473 (1911). (2) C. Hunsdieckor, H. Hunsdiecker, 

E. Vogt, U.S. 2,176,181, Oct. 17, 1939; C.A. 34, 1686 (1940): Brit. 456,566, Dec. 10, 1936; Cent. 
1087, 1 2268; C.A., 81, 2233 (1937): French 803,941, Oct. 12, 1936; Cent 1937, I 2258; [C.A. 31, 
2616 (1937)]. (3) Armstrong, Copeuhaver, /. Am. Chem. Soc. 65, 2252-2253 (1943). 


3:0120 2-CHLOROCYCLOHEXANONE-l 


O CeHftOCl 
H 

H2(/^ 




H2(: ch 


H2 


Beii.vn -10 

vni.(8) 


M.P. 

24® (1) 

23-24® (2) 
23.2® cor. (19) 
23® (3) (4) (5) 
22-23® (6) (7) 


B.P, 

90-91® at 14-16 mm. (19) ==1.101 (0) n?? = 1.4825 (6) 

88-90® at 16 mm. (5) 

82-85® at 14 mm. (8) 

82® at 13 mm. (4) 

82-83® at 10 mm. (3) 

80.5® at 11 mm. (5) 

79® at 7 mm. (6) 


C has very disagreeable physiological effects; breathing of its ether solutions or exposure 
of skin to its vapor produces violent illness and temporary complete blindness; also produces 
an eczema on the hands (although sensitivity of individuals varies) (9). — G dec. slightly 
on distn. even in vacuo (10). 

[For prepn. from cyclohexanone (1:5465) with CI2 + H2O (61-66% yield (19)), by actn. 
of CI2 + CaCOa + HjO (HOCl) (50-60% yield (7) (8)) see (7) (8) (10) (3) (4); by direct 
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actn. of CI 2 in AcOH (100% yield (8)) see (8); via iV-chlorourea (80% yield (5)) or electro- 
chem. chlorination in HCl (18); for prepn. from cyclohexanol (1;6415) by actn. of CI 2 -f 
CaCOa -h H 2 O (HOCl) (50-60% yield (6) (9)) (1) see these; for prepn. (57% yield (5)) 
from 2-chlorocyclohexanol-l (3:0175) by oxidn. with K 2 Cr 207 + H 2 SO 4 + AcOH see (5).] 

C with ale. KOH (11) yields (by ring contraction) cyclopentanecarboxylic acid [Beil. 
IX-6] or its ethyl ester [Beil. lXi-(4)]. — C with dil. alk. (3) or boilg. cone. K2CO3 soln. 
(3) (12) or shaking with 40% K2CO3 (50% yield (13)) gives corresp. ale., viz., cyclohexanol- 
2-one-l or adipoin [Beil. VIIIi-(504)l, cryst. from ale., m.p. 113° (3) (14) (after fusion 
remelts at 90® (14), 98° (13), 92-92.5° (12). [Adipoin gives oxime, m.p. 102-103° (13); 
p-nitrophenylhydrazone, m.p. 146° dec. (14); semicarbazone, m.p. 238° (13); benzoate, 
m.p. 122-123° (13).] 

C with NaCN (2 moles) in ale. gives (64% yield (6)) 2-cyanocyclohexanone-l, b.p. 
140-141° at 15 mm. or 129-131° at 7 mm. (6), which upon alk. hydrolysis gives (84.7% 
yield (6)) w-pimelic acid (1 .0456), m.p. 104-105° (6). [Used in mfg. of pimelic acid (15).) 

C with fer-butyl-, cyclohexyl-, or isopropyl MgCl is reduced to a8-2-chlorocyclohexanol 
(3:9374). [C with other R.Mg.X cpds. leads to 5-membered ring cpds. which cannot be 
considered here.] 

[C with diazomethanc gives (7) (100% yield (17)) a-chlorocycloheptanone.] 

3:0120 (1) Vavon, Mitchovitch, Bull. 80C. ehim. (4) 45, 965 Note (a) (1929). (2) Favorskii, 
Bozhovskii, J. Ruaa. Phys.^Chem. Soc. 46, 1098 (1914) ; Cent. 1915, 1 984. (3) Bouveault, Chereau, 

Compt. rend. 142, 1086 (1906). (4) Kotz, Gretho, J. prakt. Ckem. (2) 80, 487 (1909). (5) Detoeuf, 

Bull. soc. chim. (4) 31, 178 (1922). (6) Meyer, Helv. Chim. Acta 16, 1291-1295 (1933). (7) 
Steadman, J. Am. Chem. Soc. 62, 1608 (1940). (8) Bartlett, Roaenwald, J. Am. Chem. Soc. 56, 

1992 (1934). (9) Ebel, Helv. Chim. Acta 12, 9-10 (1929). (10) Osterberg, Kendall, J. Am. Chem, 

Soc. 42, 2618 (1920). 

(11) Favorskii, Bozhovskii, J. Ruas. Phya.'-Ckem. Soc. 50, 582-588 (1917); Cent. 1023, III 1359. 
(12) Ref. 4, pp. 488-489. (13) K5tz, Blendermann, Rosenbusch, Sirringhaus, Ann. 400, 62-63 

(1913). (14) Willatatter. Sonnenfeld, Bcr. 46, 2957-2958 (1913). (15) Meyer, Swiss 164,832, 
Jan. 2. 1934; Cent. 1934, I 3206; C.A. 28, 5473 (1934). (16) Bartlett, J. Am. Chem. Soc. 57, 
224-227 (1935). (17) Giratia, Bullock, J. Am. Chem. Soc. 59, 945 (1937). (18) Szper, BuU. 

soc. chim. (4) 51, 656 (1932). (19) Newman, Farbman, Hipsher, Org. Syntheses, 25, 22-24 (1945). 


4-METHOXYBENZOYL CHLORIDE 


C8H7O2CI 


CH3O— <( )>— c=o 

Cl 


M.P. 24° B.P. 262-263° - 1.2609 

See 3:6890. Division B: Liquids^ Section 1, > 1.15. 


Beil.X- 163 
Xi-( 77) 


nf? = 1.5802 


3: 0138 fer-BUTYL TRICHLOROACETATE C 6 H 9 O 2 CI 3 Beil. S.N. 160 

CI 3 C.CO.O.C 4 H 9 

M.P. 25.5° (1) B.P. 37° at 1 mm. (1) Df = 1.2363 (1) n?! = 1.4398 (1) 

Cryst. from pentane or MeOH at 0° (1). 

[For prepn. of C from trichloroacetyl chloride (3:5420) with fer-butyl ale. (1:6140) in 
P3rridine in cold (95% 3deld (1)), or from trichloroacetic acid (3:1150) with isobutylene at 
60° (80% yield (1)) see indie, refs.] 

3:0138 ( 1 ) Scovill, Burk, Lankelma, J. Am. Chem. Soc. 66, 1039 (1944). 
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3,6-DICHLOROTOLUENE CHs 



C7H6CI2 


Beil. V -296 
Vi- 
Vjr- 


M.P. 26® B.P. 201-202° cor. at 760 mm. 

See 3:6310. Division B: Liquids, Section 1, > 1.15. 

a-NAPHTHOYL CHLORIDE O C11H7OCI 

M.P. 26® B.P. 297.5® 

See 3:6930. Division B: Liquids, Section 1, Df® > 1.15. 


BeU. IX - 648 
IXi-(275) 


3:0142 2,4,6-TRICHLOROBENZAL (DI)CHLORIDE 

(2,4,6-Trichlorobenzylidene (di )chloride) 


Cl- 



C7H3CI6 Beil. S.N. 466 
Cl 


CHCI2 


M.P. 27® (1) 


B.P. 158® at 16 mm. (1) 


Cryst. from MeOH 

[For prepn. of C from 2,4,6-trichlorotolucne (3:0380) with CI2 at 200® (82% yield) see 

(DJ 

C on hydrolysis with fumg. H2^^04 gives (94% yield (1)) 2,4,6-trichIorobenzaldehyde 
(3:1200). 


3:0142 (1) Lock, Ber. 66, 1532 (1933). 


3:0150 2,6-DICHLORO-3-METHYLPHENOL OH C7H6OCI2 
(2,6-Dichloro-w-cresoI) Gl/^Cl 


Beil. VI — 
VIi- 
Vl2-(356) 


M.P. 27® (1) B.P. 240.5-242.5® (1) 

239.5-240.5® at 746 mm. (2) 

80-85® at 4 mm . (2) 

[For prepn. of C from 4-amino-2,6-dichloro-3-methylphenol (1) via diazotization and 
treatment with alk. SnCl2 (very poor yield) sec <1); from 3-methylphenol-2,6-disulfonic 
acid (1) or from 3-methylphenolsulfonic acid-6 in nitrobenzene (2) with CI2 see indie, refs.; 
from 2-chloro-3-methylphenol (3:1055) or from 6-chloro-3-methylphenol (3:0700) in cold 
CHCI3 with 1 mole CI2 see (1); from Tri-cresol (1:1730) in CHCI3 at 0® with CI2 (other 
products are also formed) see (1).] 

C in CHCI3 with 1 mole CI2 gives aim. quant, yield (1) 2,4,6-trichloro-??i-cresol (3:0618), 
m.p. 46® (1). 

C in CHCI3 with 1 mole Br2 yields <2) 2,6-dichloro-4-bromo-3-methylphenol, m.p. 64-65® 

( 2 >. 

® 2,6-Dichloro-3-methylphenyl benzoate: clusters of small prismatic pi. from ale., 
m.p. 90.5® {!). [From C with benzoyl chloride in pyridine (1).] 
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® 2,6-Dichloro-3-methyiphenyl benzenesulfonate: thin lustrous pi. from ale., m.j>. 
70® (1). [From C with benzenesulfonyl chloride in pyridine (I).] [Note proximity 
of the m.p. of this deriv. to that of the corresp. deriv. of 2,4-dichloro-3-methylphenoI 
(3:1205).] 

® 2,6-Dichloro-3-methylphenyl ^-toluenesulfonate: small pr. from ale., m.p. 92-92.5® 
<1). [From C with p-toluenesulfonyl chloride in pyridine (1).] 

3:0150 (l) Huston, Chen, J. Am. Chem. Soc. 55 , 4217-4218 (1933). (2) Huston, Neely, J.Am. 

Chem. Soc. 57 , 2178 (1935). 

3:0158 2-CHLORO-3,4-DIMETHYLPHENOL OH CsHsOCl BeU. SN. 529 

(3-Chloro-o-4-xylenol) i^^Cl 

vJcHa 

CHa 

M.P. 27® (1) 

Cryst. from It. pet. 

[For prepn. of C from 2-amino-3,4-dimethylphenol (3-ami no-o-4-xylenol) (1) via diazoti- 
zation and use of CU2CI2 reaction (yield not stated) see (1).] 

1''he nitration of C has not been reported, and neither of the two possible mononitro- 
derivs. nor the corresp. diuitro-deriv. is known. 

2-Chloro-3,4-dimethylphenyl acetate: unreported. 

® 2-ChIoro-3,4-dimethylphenyl benzoate: m.p. 87® (1). 

3:0158 ( 1 ) Hinkel, Ayling, Bevaii, J. Chem. Soc.^ 1928 , 2531. 


3:0165 iS-PHENOXYETHYL CHLORIDE CgHsOCl 

(^-Chloroethyl phonyl other; / ^.CHz.CHiCl 

w-chlorophenetolc) ^ 

M.P. 25® (1) (2) B.P. 217-220® at 760 mm. (1) (4) 

28® (5) (4) (3) 221® at 764 mm. <2) 

220 ® ( 6 ) 

122.3® at 26 mm. (7) 

103-104° at 12 mm. (8) 

100-102® at 12 mm. (5) 

Insol. aq., very eas. sol. ale., ether, Cetle, Igr. 

[For prepn. from /3-phenoxyethyl alcohol (1:6518) -f SOCI2 + pyridine (88% yield (7)) 
see (7) (1); from sodium phenolate + ethylene dichloride (3:5130) (poor yield) see <5) (3); 
from ethylene chlorobromide sec (6) <1)]. 

C + AICI3 + phthalic anhydride in CS2 yields (9) o-[4(?)-08-chloroethyl)-benzoyl]- 
benzoic ac., cryst. from CeHe, m.p. 145® (9). 

® JV-(/ 3 -Phenoxyethyl)tetrachlorophthalimide: rods from acetone, m.p. 155-156® (10) 
[From C with K tetrachlorophthalimide (10).] 

8:0165 ( 1 ) Jones, J. Chem. Soc. 1936 , 1861. (2) Henry, Compt. rend. 96 , 1233 (1883). (3) 
Clexno, Perkin, J. Chem. Soc. 121 , 644-645 (1922). (4) Butler, Renfrew, Cretcher, Souther, 

/. Am. Chem. Soc. 59 , 229 (1937). (5) Wohl, Berthold, Ber. 43 , 2179 (1910). (6) Bentley, 

Haworth, Perkin, J. Chem. Soc. 69 , 165 (1896). (7) Kiriier, J. Am. Chem. Soc. 48 , 2748 (1926), 

(8) Fdldi, Ber. 53 , 1845 (1920). (9) Bruson, Eastes, J. Am. Chem. Soc. 60 , 2504 (1938). (10) 

Allen. Nicholls, J. Am. Chem. Soc. 56 , 1409-1410 (1934). 


Beil. VI- 142 
VIi.( 81) 
VIsr(144) 
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3:0170 9-CHLORONONANOL-l CH».(CHj)7.CH20H CtHnOCl Bdl. S.N. 84 
(«-Chloro-n-nonyl L 

alcohol) 

M.P. 28® (1) B.P. 140-145® at 20 mm. (1) 

146.5® at 14 mm. <2} 


Cryst. from It. pet. 

[For prepn. of C from a, co-nonamethylcne glycol [Beil. l2-(558)] (m.p. 46® {!)) with 
cone. HCl as directed (yields: 90% (1), 86% <2), 6.5% (3)) see indie, refs.] 

C with thiophenol in aq. NaOH htd. 3 hrs. gives (1) 9-hydroxy-n-nonyl phenyl sulfide, 
cryst. from It. pet., m.p. 60®. [This prod, with SOCI 2 gives (1) 9-cliloro-n-nonyl phenyl 
sulfide, cryst. from aq. ale. at low temp., m.p. 5® {!).] 

[C (1 mole) with Et 2 NH (3-4 moles) in s.t. at 120-160® for 12-15 hrs. gives (90% yield 
(2)) 9-(diethylamino)nonanol-l, b.p. 161.5° at 12 mm., = 0.86.35, n\S — 1.4574 (2), 
cf. (5); this prod, with SOCI 2 in CeHs gives (2) (5) 9-(diethylamino)-n-nonyl chloride, b.p. 
145® at 10 mm., n}?*® = 1.4535 (2) (corresp. B.HCl, m.p. 85-86® (5».l 
C with morpholine gives (4) aim. quant. 9-(4-morplioIinyl)nonanol-l, m.p. 31®, b.p. 
173.0-173.5® at 5 mm. (corresp. A^-(a-naphthyl)carbamate, m.p. 54.0-56.0® cor.). — C 
(1 mole)with i^-phenylpiperazine (2 mole.s) at 100® for 5 hrs. gives {3) in aim. 100% yield 
(as salt) iV-(9-hydroxy-n-nonyi)-A^'-phenyIpiperazine, m.p. 80.0-80.5® cor. (corresp. iV- 
phenylcarbamate, m.p. 94.0-95.0® cor.). 

9-Chloro-n-nonyl iV-phenylcarbamate: cryst. from dil. ale., m.p. 70.0-70.5® (3), 67® 

< 1 ) ( 2 ). 

® 9>Chloro>n-nonyl iV-(m-nitrophenyl)carbamate: m.p. 57® (2). 

3:0170 ( 1 ) Bennett, Mosses, J. Chem, Soc, 1931, 1697-1701. (2) Altman, Rec. Irav. chim. 57, 

951-952 (1938). (3) Anderson, Pollard, J, Am. Chem. Soc. 61, 3439-3440 (1939). (4) Anderson, 

Pollard, J. Am. Chem, Soc. 61, 3440-3441 (1939). (5) Pyman, Levene (to Boot ’s Pure Drug Co.), 

Brit. 402,159, Dec. 21, 1933; Cent. 1934, 1 2005; C.A. 28, 3081 (1934). 

3:0172 12-CHLORODODECANOL-l C 12 H 26 OCI Beil. S.N. 24 

( a,-Chloro-n-dodecyl CH 2 . (CHz) 10 .CH 2 OH 

alcohol; w-chlorolauryl alcohol) I 


M.P. 28® (1) B.P, 134® at 1 mm. (1) 

Colorless cryst. from It. pet. 

[For prepn. of C from a,c:>-dodecamethylene glycol [Beil. I2-(562)| (m.p. 83.5-84.5® (1)) 
with cone. HCl on htg. as directed (50% yield crude prod.) see (1).] 

® 12-Chlorododecyl ^-phenylcarbamate: ndls. from pet., m.p. 66® (1). 

8:0172 (1) Bennett, Gudgeon, J. Chem. Soc. 1938, 1679-1681. 

3: 0175 frans-2-CHLOROCYCLOHEXANOL-l CeHuOCl 

(<rans-Cyclohexene chlorohydrin) OH 

C 

Hac/^CH 

Had; diHa 

Ha 


BeiLVI- 7 

VIi- 

Vla-(ia) 
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M.P. 

B.P. 





29° (1) (2) 

104-106" 

* at 46 mm. 

(4) i)?® => 1.1233 

(3) 

= 1.4832 (3) 

27® (3) 

93® 

at 26 mm. 

<3) 




88-90° 

at 20 mm. 

(4) Dl? = 1.146 

(1) 

= 1.4850 <1) 


85-86® 

at 17 mm. 

(26» 




84-86® 

at 16 mm. 

(2) (7) 




87® 

at 16 mm. 

(1) 




92® 

at 10 mm. 

(5) 



[See also ci8-2^hlorocyclohexarLol~l 

(3:9374).] 




Both the two theoretically possible geometrical stereoisomers of 2-chlorocyclohexaiiol-l 
are known. The single form obtained from cyclohexene (tetrahydrobenzene) by addn. of 
HOCl or from cyclohexene oxide by addn. of HCl is now regarded <3) as the tram isomer C. 
The ds form (3:9374) is obtd. by other methods. 

Colorless pr. from mixt. of CeHe + Igr. at low temp.; C has characteristic odor, is vol. 
with steam. 

[For prepn. of C from cyclohexene (tetrahydrobenzene) (1:8070) with HOCl (yields: 
70-73% (4), 70% (5)) (6) (7) (8) or with iST-chlorourea (yield: 74% (26), 54% (9)) see 
indie, refs.; from cyclohexene oxide (see below) with cone. HCl or with ZnCl2 in dry ether 
see (3); for probable formn. of C from cyclohexcne (1:8070) with EtOCl (3:7022) see (10); 
for formn. of a mixt. of both stereoisomeric 2-chlorocyclohexanols contg. 27-28% C -f 
72-73% cis-isomer from 2-('hlorocyclohexanone (3:0120) by reductn. with isopropyl 
MgCl, ter-butyl MgX, or cyclohexyl MgX see (3); for formn. of a mixt. (b.p. 78-80® at 
12 mm.) of both isomers by hydrolysis of 2-chlorocyclohexanyl acetate see (11).] 

C with aq. NaOH at room temp, gives (yields: 70-73% (12), 70-75% (5), 80% (9), 55% 
(13)) cyclohexene oxide (1,2-epoxycyclohexane) [Beil. XVII-211, b.p. 131.5® at 760 mm. 
[Note that reactn, of C with alk. is 300 times as fast as that of the cis isomer (3:9374) 
(use in detn. of proportion of C in mixts. of isomers), that the latter with alk. gives no 
epoxy cpd. but instead cyclohexanone, and finally that C can be separated from its isomer 
by conversion to cyclohexene oxide from which the remaining cis isomer can be sepd. by 
distn. (3).] 

C with alk. or with ale. KCl is not converted to cis isomer (3) but C on protracted htg. 
with HCl rearr. to a small extent to the cis isomer. 

[For use of C as seed disinfectant see (15).] 

The halogen atom of C is fairly reactive, but its replacement often involves rearr. of the 
cyclohexyl ring to a cyclopentyl ring. 

[C on boilg. with dil. ale. slowly gives (1) fran5-cyclohexanediol-l,2 [Beil VI-740] with 
cyclopentylformaldehyde (formylcyclopentane), the latter increasing in pres, of dil. H2SO4 
or of CaCl2 (1).] 

[C with NaOMe in MeOH yields (14) cis-2-methoxycyclohexanol-l [Beil. VI-740], b.p. 
181.5® at 760 mm., = 1.015, n?? = 1.4605 (14); C with NaOEt in EtOH (14) (or C 
in EtOH treated with Na in attempted reductn. (16) gives (87% yield (16)) m-2-ethoxy- 
cyclohexanol-1 [Beil. VI-740], b.p. 187® at 760 mm., - 0.982, n|? = 1.4563 (14); C 
with sodium n-propylate yields (14) 2-7i-propoxycyclohexanol, b.p. 205® at 760 mm., 
D?? « 0.970, nf? = 1.4580 (14); C with sodium cyclohexanolate yields (14) 2-cyclohexan- 
oxycyclohexanol, m.p. 50® (14).] 

[C with C6H6.CH2MgCl gives (54% yield (17)) benzyl-cyclopentyl-carbinol, b.p. 166- 
169® at 20 mm., m.p. 30® (3,5-dinitrobenzoate, m.p. 100.5-101.5® (17)). — C with excess 
MeMgl gives (50% yield (13)) mixt. of both ds and trans 2-methylcyclohexanols (1:6420). 
— C with cyclohexyl MgCl (cf. 3:8040) yields (18) cyclohexyl-cyclopentyl-carbinol, m.p. 
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34® (p-nitrobenzoate, m.p. 4^60®, 3,5-dinitrobenzoate, m.p. 102®, acid phthalate, m.p. 
92-93®, iV'-phenylcarbamate, m.p. 122® (18)).] 

[C with cone. aq. NH4OH shaken for 24 hrs. (19) or C with NH3 in ale. htd. in s.t. for 
1 hr. (6) gives (yields: 71% (19), 61% (6)) cis-2-aminocyclohexanol [Beil. XIII-348], 
m.p. 65® (19) (6), b.p. 110® at 24 mm. (19). — C with diethylamine (2 moles) htd. in s.t. at 
150® for several hrs. (20) (or similarly with BuOH as solvent (21)) yields 2-(diethylamino)- 
cyclohexanol, b.p. 225® at 740 mm. (21), 224° at 730 mm. (20), Dis = 0.9280 (21), nj) == 
1.4659 (21) (hydrochloride, m.p. 170.5-171.5® (21)). — C with 5 pts. piperazine hydrate 
htd. 3 hrs. at 140° gives (22) both iV’,i\r'-5w?-(2-hydroxycyclohexyl)piperazine, m.p. 205- 
206® (22), and iV'-(2-hydroxycyclohexyl)piperazine, m.p. 67-68® (22) (the latter separable 
by treatment of mixt. with CS2 pptg. its ditliiocarbamate).] 

[C also reacts as a secondary alcohol: e.g., C with PCI5 yields (14) 1,2-dichlorocyclohexane 
[Beil. V-22, Vi-(8)], b.p. 187-189®, C with PBrs yields (14) l-bromo-2-chlorocyclohexane, 
b.p. 94® at 17 mm., - 1.514, = 1.5481 (14).] 

C on oxidn. with K2Cr207/H2S04/Ac0H gives (57% yield (9)) 2-chlorocyclohexanone 
(3:0120). 

(Note: the following derivatives are listed as cis on the assumption of inversion during 
formation.) 

ci5(?) 2-Chlorocyclohezanyl acetate: oil with odor like EtOAc, b.p. 95-96® at 

n mm. (23), 99-101® at 13 mm. (24), DU ^ 1.1182 (23), n|? = 1.46195 (23). [From 
C with AcCl at 10-20® (23) or in CeHe (espeo. in pres, of K2CO3 or BaCOs) (70% 
yield (24)), or from cyclohexene (1:8070) with AC2O or with AC2O -f SO2CI2 in CHCI3 
(11).] [This ester with McOH + dry HCl gas yields C (11). Cf. (25).] 

cis{?) 2-Chlorocyclohexanyl benzoate: Ifts. from dil. ale., m.p. 120-121° (24). 

[From C with BzCl htd. 10 hrs. (70% yield) (24).] 

ci5(?) 2-Chlorocyclohexanyl ^-nitrobenzoate : cryst. from dil. ale., m.p. 240° dec. 

(24). [From C with p-nitrobeiizoyl chloride in dry ether or CeHg -f Na2CT)3 refluxed 
5 hrs. (70% yield) (24).] 

cis(?) 2-Chlorocyclohexanyl N-phenylcarbamate : m.p. 97-98® (2), 94-96° (17). 

[From C with phenyl isocyanate in It. pet. (17).] 

cis(?) 2-Chlorocyclohexanyl N-(a-naphthyl) carbamate: m.p, 165° (3). [From C 

with a-naphthyl isocyanate at 100° for 4 hrs (3) ] 

3:0175 ( 1 ) Godchot, Mousseron, Granger, Cnmpt. rend. 200, 748-749 (1933). (2) Godchot, 

CompL rend. 176, 448 (1923). (3) Bartlett, J. Am. Chem. Soc. 57, 224-227 (1935). (4) Coleman, 

Johnstone, Org. Synlhcaeitt Coll. Vol. 1 (2nd ed.), 158-159 (1941), Coll. Vol. 1 (1st ed.) 151-153 
(1932); 5, 31-32 (1925). (5) Kendall, Osterberg, Mackenzie, J. Am. Chem. Soc. 48, 1388-1389 

(1926). (6) Osterberg, Kendall, J. Am. Chem. Soc. 42, 2621-2622 (1920). (7) Fortcy, J. Chem. 

Soc. 73, 948 (1898). (8) Levine, Cass (to du Pont Co.), U.S. 2,119,485, May 31, 1938; Cent. 

1938, II 952. (9) Detoeuf, Bull. soc. chim. (4) 31, 177-178 (1922). (10) Goldschmidt, Endres, 

Dirsch, Ber. 58, 574 (1925). 

( 11 ) Friese, Dj’iang, Ber. 71, 667-670 (1938). (12) Osterberg, Org. Syntheses, Coll. Vol. 1 
(2nd ed.), 185-186 (1941) ; CoU. Vol. 1 (1st ed.), 179-180 (1932) ; 5, 35-36 (1925). (13) Godchot, 

Bedos, Bull. soc. chim. (4) 37, 1454-1457 (1926). (14) Mousseron, Granger, Compt, rend. 305, 

327-328 (1937). (15) Consolidirte Alkaliwerke, Ger. 607,010, Dec. 15, 1934; Cent. 1935, I 3835. 

(16) K6tz, Busch, J. prakt. Chem. (2) 119, 36 (1928). (17) Cook, Hewitt, Lawrence, J. Chem. 

Soc. 1936, 74-75. (18) Vavon, Mitchovitch, Compt. rend. 186, 703-705 (1928). (19) Wilson, 
Read, J. Chem. Soc. 1935, 1272. (20) Osterberg, Kendall, J. Am. Chem. Soc. 43, 1370-1371 (1921). 

( 21 ) Hockel, Adams, J. Am. Chem. Soc. 49, 1305-1306 (1927). (22) Mousseron, Bull. soc. chim. 

(4) 61, 790-793 (1932). (23) Bedos, Compt. rend. 183, 562-565 (1926); Cent. 1926, II 2795. 
(24) Kotz, Merkel, J. prakt. Chem. (2) 113, 64-66 (1926). (25) Winstein, Buckles, J. Am. Chem. 

80 c. 65, 616 (1943). (26) Newman, Vander Werf, J. Am. Chem. Soc. 67, 235 (1946). 
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3: 0180 3,3'-DICHLOROBIPHENYL C12H8CI2 Beil. V - 579 

Vi-(372) 
V2-(484) 

M.P. 29M1) (6) B.P. 322-324^ (2) 

23^ (2) (3) 320-326° (4) 

320-330° (1) 

298° {6> 

White ndls. from dil. ale.; eas. sol. ale., ether, CeHe. 

[For prepn. of C from w-chloroiodobenzene [Beil. V-220] by htg. with Cu powd. under 
various eonditions (yield: 95% (5), 67% (2), 61% (1» see indie, refs.; from 3,3'-dinitro- 
biphenyl with SOCI2 in s.t. at 200-210° for 10 hrs. see (4); from 3,3'-diehloro-4,4'-diamino- 
biphenyl (3,3'-diaminobenzidine) [Beil. XIII-234, XIIIi-(67)] via tetrazotization and htg. 
with ale. see (6); from 3,3'-dichloro-2,4'-diaminobiphenyl via tetrazotization and treatment 
with H3PO2 see (3).l 

C on tetranitration, e.g., with mixt. of 5 pts. abs. HNO3 + 20 pts. eone. H2SO4 for 2 hrs. 
at 100° (5), yields (5) (7) 3,3'-<lichloro-4,6,4',6'-tctranitrobiphenyl [Beil. Vi-(274)], m.p. 
191° (5), 189° (7), 184° (5): note that this prod, appears to exist in two forms: when the 
lower-melting form is dislvd. in boilg. AcOH and pptd. with boilg. aq., or if it is allowed 
to solidify after fusion, the prod, has m.p. 191°; if the above AcOH soln. is slowly cooled, 
however, the prod, melts at 184° (5). [This tetranitro-C htd. with NaOMe in MeOH 
yields 3,3'-<limethoxy-4,6,4',6'-tetranitrobiphenyl, m.p. 244° (5).] — [Note also that under 
some conditions (7) some 3,3'-dichloro-6,6'-dinitrobiphenyl [Beil. V-585, Vi-(274)], m.p. 
170° <8) (7), may form during nitration of C.] 

C on oxidn. with Cr03 + V2O5 yields (3) m-chlorobenzoic acid (3:4392). 

3:0180 (1) Weissberger, Sangewald, Z. physik. Chem. B-20, 155 (1933). (2) Ullmann, Ann. 332, 

54 (1904), (3) Bellavita, Gazz. ch%m. ital. 65, 641 (19.j5). (4) MasCtirelli, Gatti, Gazz. chim. ital. 

59, 808-809 (1929). <5) van Alphen, Rec. trav. chim. 51, 362-363 (1932). (6) Cain, J. Chem. 

Soc. 85, 7 (1904). (7) Borsche, Scholten, Ber. 50, 610 (1917). (8) Ullmann, Forgan, B^. 34, 

3804 (1901). 



2,6-DICHLORO-2,6.DIMETHYL- 
HEXYNE-S Cl 

:3— c— c=c— (> 

I I 

Clh CH3 


CH3- 


C8H12CI2 

CBz 


BeU. I — 
Ii-(121) 


B.P. 62-63° at 16 mm. 


M.P. 29° 

See 3 : 9504. 


Division C: Liquids with b.p. reported only at reduced pressure. 
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3:0200 14,1A2^,S-HEPTACHL0R0PR0PANE CtHCIr 

(wMjfm.-Heptachloropropane) ? ? 

ii (k ii 


BelL I - 108 
Xi-( 35) 
I*-( 73) 


MJ». 29.40° <1) (4) B.P. 247-248° si. dec. (3) (4) = 1.8048 <4) 

29-30° <2) (3) 163-166° at 90 mm. (5) 

30° (10) 150-151° at 60 mm. (3) 

147° at 43 mm. (4) 

137-140° at 33 mm. (2) 

122° at 26 mm. (10) 

110-113° at 10 mm. (2) 


Hard cryst. with camphoraceous odor (3). [For crystallographic constants see (9).] 
[For prepn. from tetrachloroethylene (3:5460) (or pentachloroethane (3:5880) (2) (3)) 
+ CHCI3 (3:5050) by condensation in presence of AICI3 (88-93% yield (2), 85% yield 
(1) (10)) see (1) (2) (5) (7); from pentachloroacetone (3:6205) by htg. with PCU in s.t. at 
180® for 6-8 hrs. see (3); from dichloroacetyl chloride (3:5290) with AICI3 on wanning 
(CO + CHCI3 + HCl are also formed) see (11).] 

C has large mol. freezing-point lowering, viz., 120® (6). [For use in detn. of mol. wt. of 
org. compds. by f.p. lowering see (6).] 

C on htg. especiiilly in presence of catalysts such as ZnCl 2 yields HCl 4- hexachloropropene 
(3:6370); with CuCl a second reaction also occurs yielding HCl and tetrachloroethylene 
(3:5460). [For extensive study of these see (7) (8).] 

C in ale. on titration with alk. gives (4) (3) an apparent Neut. Eq. of 285.5 because of 
loss of 1 HCl and formation of hexachloropropene (3:6370). 

3:0200 (1) Prins, Rec. trav. chim. 54, 249-252 (1935). (2) Farlow, Orff. Syntheses 17 , 58-59 
(1937). (3) Fritsch, Ann. 297, 314 (1897). (4) Prins, J. prakt. Chem. 89, 416-416 (1914). 

( 5 ) Henne, Ladd, J. Am. Chem. Soc. 60, 2491-2496 (1938). (6) Boeseken, Benedictus, Rec. 

trav. chim. 37, 121-129 (1918). (7) Boeseken, van der Scheer, de Voogt, TJec. trav. chim. 34, 

78-96 (1916) . (8) Boeseken, Rec. trav. chim. 45, 467-468 (1926) . (9) Gilta, Bull. soc. chim. Belff. 

39, 586-687 (1930). (10) Bergmann, Haskelberg, J. Am. Chem. Soc. 63, 1438 (1941). 

( 11 ) BOeseken, Rec. trav. chim. 29, 108-111 (1910); BOeseken, Prins, Cent. 1911, I 466. 


3:0220 p-CHLOROBENZVL CHLORIDE 

C 7 H 6 CI 2 

BeU. V - 297 


Cl<^ )>CH8CI 

V,-(152) 

Vr(231) 

M.P. 30° (1) 

B.P. 217-218® 

at 772 mm. (8) 


20° (2) (3) (4) 

214® 

at 768 mm. (3) 


(6) (6) (7) (35) 

214® 

(9) (10) 


28.2-28.4° (12) 

213-214® 

(11) 


26° (8) 

114-117® 

at 30 mm. (35) 



114® 

at 26 mm. (12) 



113-115® 

at 24 mm. (13) 



106.5-107.5° at 28 mm. (14) 



117° 

at 20 mm. (3) 

• 


94-96° 

at 14 mm. (8) 



Cryst. from ale., AcOH or Igr, — Eas. sol. warm but less so cold ale., very eas. sol. ether, 
AcOH, CeHe, CS 3 . — Sublimes at ord. temp. — At b.p. under ord. press, tends to decompose 
(7). — C has agreeable arom. odor, but strongly attacks mucous membrane (2). 
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[For prepn. of C from benzyl chloride (3:8535) with CI2 in pres, of I2 (11) (8) (16) or 
SbCls (16) see indie, refs.; from p-chlorotoluene (3:8287) with SO2CI2 + BZ2O2 in dark 
(70% yield) (35), with CI2 in light (2) (17) (11) (5) (4) (18) (19) or with PbCl4.2NH4Cl (9) 
see indie, refs.; from toluene with CI2 see (20); for prepn. of C from chlorobenzene (3:7903) 
with CH2O 4* HCl (36), with 6w-(chloromethyl) ether (3:5245) or chloromethyl methyl 
ether (3:7086) (formed by use of formaldehyde or paraformaldehyde + chlorosulfonic 
acid + cone. H2SO4 or hexamethylenetetramine + cone. HCl (3)) as directed (50% yield 
(3)) (1) see indie, refs.] 

[C with phenol in toluene yields (21) 2-(p-chlorobenzyl)phenol, m.p. 60-61®, and jh 
chlorobenzyl phenyl ether, m.p. 85.5-86.5°; C with 2,4-dichlorophenol in toluene yields (21) 
2-(p-chlorobenzyl)-4,6klichlorophenol, m.p. 69.5-70.5®, and ^MJhlorobenzyl 2,4-dichloro- 
phenyl ether, m.p. 64.5-65.5®.] 

[C with phenol -f AICI3 yields (21) 4-(p-chlorobenzyl)phenol, m.p. 87-87.5® (benzoate, 
m.p, 115-116®); C with 2,6-dichlorophenol + AICI3 yields (21) 4-(2Mjhlorobenzyl)-2,6- 
dichlorophenol, m.p. 61.5-62.5° (benzoate, m.p. 116-117°).] 

[For condens. of C with p-chlorophenol (3:0475) and use of prod, as anti-moth prepn. 
see (22); for condens. of C with o-cresol (1 : 1400) or its Na salt or with 3,5-dimethylphenol 
(s?/m-7n-xylenol)(l : 1455) and use of products as bactericides see (23); for condens. of C 
with sulfonated phenol and use as tanning agent see (24); for condens. of C with resorcinol 
(1 : 1530) + AICI3 in nitrobenzene yielding 55% 4-(p-chlorobenzyl)resorcinol see (25).] 

C with Mg in dry ether yields (10) p-Cl.C6H4.CH2.MgCl which with phenyl isocyanate 
as directed (10) gives p-chlorophenylacetanilide [Beil. XII-275], Ifts. from ale., m.p. 168® 
cor^ (26), 165-166° u.c. (10), 164.5° (27), 

C on boilg. with aq. (2) (3) hydrolyzes to p-chlorobenzyl ale. [Beil. VI-4441, m.p. 70-71° 
(3) (for rate see (7)); C on boilg. with Pb(N03)2 for 2 days (28) or on boilg. in 00% aJc. 
with hexamethylenetetramine (29) yields p-chlorobenzaldehyde (3:0765), m.p. 46-47° (3). 

C with ale. KOH yields (30) p-chloro^nzyl ethyl ether [Bed. Vl-444, VIi-(222)], oil, 
b.p. 225° (for study of rate of reactn. see (31)); C with KOAc in abs. ale. yields (28) p- 
chlorobenzyl acetate [Beil. VI-445], b.p. 240® (28); C with boilg. ale. KCN yields (11) 
(28) (20) p-chlorobenzyl cyanide [Beil. IX-448], m.p. 30° (20), b.p. 265-267® (20), which on 
hydrolysis yields p-chlorophenylacetic acid (3:3135), m.p. 105® (20). 

C with KI in ale. gives aim. quant, yield (17) p-chlorobenzyl iodide, m.p. 64® (17) (for 
study of rate of reactn. of C with Nal (34) or KI (14) (6) in acetone see indie, refs.); C 
with Na2S03 yields (18) (13) sodium p-chlorotoluene-w-sulfonate (corresp. sulfonamide, 
m.p. 157° (18), corresp. sulfonanilidc, m.p. 235° (18)). 

[C with thiourea (1 mole) in ale. refluxed 30 min. gives (37) <S- (p-chlorobenzyl )isothiourea 
hydrochloride (p-chlorobenzyl isothiuronium chloride), cryst. from 1 : 1 cone. HCl -f aq., 
m.p. 197°; this prod, is useful in identification of organic acids (37).] 

C on oxidn. with CrOa (11) (3) or with KMn04 (1) (12) yields p-chlorobenzoic acid 
(3:4940), m.p. 236®. 

3:0220 (1) Blanc, BuU. aoc. chim. (4) 33, 317-318 (1923). (2) Jackson, Field, Ber. 11, 904-905 
(1878). (3) Stephen, Short, Gladding, J. Chern. Soc. 117, 622 (1920). (4) Jones, J. Chem. Soc, 

1038, 1416. (6) Weissberger, Sangewald, Z. phyaik. Chem. B-20, 147 (1933). (6) Bennett, 
Jones, J, Chem. Soc. 1935, 1818-1819. (7) OUvier, Rec. trav. chim. 41, 307-308 (1921). (8) 

Bergmann, Engel, Z. phyaik. Chem. B-15, 96 (1931-2). (9) Seyewetz, Trawitz, Compi. rend. 136, 

241 (1903). (10) Underwood, Gale, J. Am. Chem. Soc. 56, 2117-2120 (1934). 

( 11 ) BeUstein, Kuhlberg, Neuhoff, Ann. 146, 320-322 (1868). (12) de Bruyne, Davis, Gross, 

J. Am. Chem. Soc. 55, 3938 (1934). (13) Sprung, J. Am. Chem. Soc. 52, 1640-1649 (1930). 

(14) Conant, Kirner, Hussey, J. Am. Chem. Soc. 47, 499 (1925). (15) Olivier, Rec. trav. chim. 41, 
419-421 (1921). (16) Wertyporoch, Ann. 493, 162-163 (1932). (17) van Raalte, Rec. trav. chim. 
18, 388-392 (1899). (18) Clutterbuck, Cohen. J. Chem. Soc. 123, 2508-2515 (1923). (19) 
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Zelinsky, Schering-Kahlbaum, Ger. 478,084, June 20, 1929; Cent. 1929 , II 1216. <20) von Walther, 
Wetzlich, J, vrakt. Chem. (2) 61 . 187-188 (1900). 

(21) Huston, Guile, Headley, Warren, Baur, Mate, J. Am. Chem. Soc. 65 , 4639—4643 (1933). 
(22) Weiler, Berres (to I.G.), Ger. 542,069, Jan. 20, 1932; Cent. 1932 , I 3014. (23) Klarmann, 

Gates (to Lehn and Fink, Inc,), U.S. 1,926,873, 1,926,874, Sept. 12, 1933; Cent. 1934 , I 83. 
(24) I.G., Brit. 320,056, Oct. 31, 1929, Cent. 1930 , 1 590; Brit. 321,190, Nov. 28, 1929; Cent. 1930 , 
I 1259. (25) Klarmann, von Wowern, J. Am. Chem. Soc. 61, 608 (1929). (26) Jenkins, Richard- 
son, J. Am. Chem. Soc. 66 , 1619 (1933). (27) Mehner, J. piakt. Chem. (2) 62 , 562 (1900). (28) 

Beilstein. Kuhlberg, Ann. 147 , 345, 346, 352 (1868). (29) Mayer, English, Ann. 417 , 78-79 

(1918). (30) Naquct, Ann. Suppl. 2 , 250-251 (1862/63). 

j(3l) Franzen, Rosenberg, J. prakt. Chem. (2) 101 , 334-335 (1921). (32) Kindler, Ann. 452 , 

119-120 (1927). (33) von Walther, Hirschberg, J. prakt. Chem. (2) 77 , 377-378 (1903). (34) 

Westheimer, J. Am. Chem. Soc. 62 , 1893 (1940). (35) Kharas<5h, Brown, J. Am. Chem. Soc. 61 , 

2146 (1939). (36) Tschunkur, Eichler (to I.G.), Ger. 509,149, Oct. 8, 1933; Cent. 1931 , I 360 

[C.A. 26 , 711 (1931)J. (37) Dewey, Sperry, J. Am. Chetn. Soc. 61 , 3251-3252 (1939). 


o-CHLOROBENZOTRICHLORIDE 


M.P. 30® B.P. 260® 



C7H4CI4 

;ci3 


See 3:6880. Division B: Liquids j Section 1, DI® > 1.15. 


BeU.V- 302 
Vi.(163) 
V2-(234) 



M.P. 30° B.P. 100-101° at 24-26 mm. 

See 3 : 9105. Division C: Liquids with b.p. only at reduced pressure. 


3:0235 a-CHLORO-ISOBUTYRIC ACID CH3 C4H7O2CI 

CHs— i-COOH 

M.P. 31° (1) (2) B.P. 118° at 60 mm. (1) 

28-30° (3) 116-118° at 60 mm. (4) 

80-83° at 12 mm. (2) 

Eas. sol. aq. 

[For prepn. of C from isobutyric acid (1 : 1030) with CI2 in light (5) (10) or with cat. as 
specified (6) (7), or with SO2CI2 + dibenzoyl peroxide in CCI4 (15% C -f 85% /3-chloro 
isomer) (3:9132) (3), see indie, refs.; from /3,/S,/3-trichloro-ttT-butyl ale. (“ Chloretone *’) 
(3:2662) with aq. alk. (small yield together with other prods.) see (1) (2); from 2-c*hloro-2- 
methylpropanol-l (i3-chloro-isobutyl ale.) (3:7305) by oxidn. with cone. HNO3 see (8); 
from a-chloro-isobutyryl chloride (3:5385) by hydrolysis with aq. see (9).] 

C with aq. alk. yields (5) a-hydroxy-isobutyric acid (1 .0431) together with other prod- 
ucte. — C with aq. Ca(OCl)2 yields (4) chloroform (3:5050) -f AcOH (1:1010) -f- CO2. 

C with SOCI2 (11) yields a-chloro-isobutyryl chloride (3:5385), b.p. 117-118°. 


Beil, n-294 

Hi— 

U2- 
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Methyl o-chloro-isobutyrate: b.p. 129° (see 3:7918). 

Ethyl a-chloro-isobutyrate: b.p. 148° (see 3:8147). 

a-Chloro-isobutyramide: unrcported. 

® a-Chloro-isobutyr-anilide: m.p. 71-71.5° (3), 68° (12), 67-68° (13). [From a- 
chloro-isobutyryl chloride with aniline (3).] [Note that /8-chloro-isobutyr-anilide 
has m.p. 109.0-109.5° (3).] 

® a-Chloro-isobutyro-^-toluidide: unreported. 

3:0235 (l) Ostropjatow, J. Rusa. Phys.-Cheni. Soc. 28, 50 (1896); Ber. 29, Referate, 908-909 
(1896). (2) Jacob, BuU. aoc. chim. (5) 7, 581-586 (1940); C.A. 36, 3507 (1942). (3> Kharasch, 

Brown, J. Am. Chem. Soc. 62, 925-929 (1940). (4) Sj<uknewitsch, Tschilingarjan, Ber. 68, 1216 

(1935). (5) Balbiano, Ber. 11, 1693 (1878); Gazz. chim ital. 8, 371 (1878). (6) Bass (to Dow 

Chem. Co.), U.S. 2,010,685; Aug. 6, 1935; Cent. 1936, I 880; C.A. 29, 6608 (1935). (7) Loder, 

Ries (to dll Pont). U.S. 2,043,670; June 9, 1936, Cent. 1936, II 2229; C.A. 30, 5240 (1936). (8) 

Henry, Bull. soc. chim. (2) 26, 24 (1876). (9) Michael, Ber. 34, 4054 (1901). (10) Zal’kind, 

Markov, J. Applied Chem. {U.S.S.R.) 10, 1042-1044 (1937); Cent. 1938, II 2421; C.A. 32, 1652 
(1938). [Note that C.A. has erroneously rendered isobutyric acid as “ isooleic acid ” throughout.] 
(11) Blaise, Montague, Compt. rend. 174, 1555 (1922). (12) von Braun, Jostes, Munch, Ann. 

453, 127-128 (1927). (13) Bischoff, Walden, Ann. 279, 113-114 (1894). 


3: 0240 DIMETHYL me^o-a, a'-DICHLOROSUCCINATE C6H8O4CI2 

COOCH 3 

-i- 


H— C— Cl 
H— <!>-Cl 


iooc: 


Hs 


BeU. n -619 
Hi— 

n,— 


M.P. 31.5-33° (1> 

[For prcpn. of C from rwcso-a, a'-dichlorosuccinic acid (3:4930) in MeOH with HCl 
gas see (1).] 

[For studies on dipole moment see (2).] 

3:0240 (1) Kirchhoff, Ann. 280, 215 (1894). (2) Hassel, Naeshagen, Tids. Kemi Bergvesen 10, 

120-127 (1930) ; (7en<. 1931, I 893; C.A. 25, 1493 (1931). 


3:0245 2, 6-DIMETHYLPHENACYL CHLORIDE CioHuOCl 
(a)-Chloro-2,5--dimethyl CH3 


acetophenone) 




Beil. Vn -324 
VHi- 



CO.CH 2 CI 


M.P. 32° 


:H3 


[For prepn. from p-xylene, chloroacetyl chloride (3:5235) + AICI3, see (1) (2).] 
C on oxidn. with alk. KMn04 gives (2) trimellitic ac. (1 :0551), m.p. 228°. 

3:0245 (1) Kunckell, Ber. 30, 579 (1897). (2) Collet, Bull. soc. chim. (3) 17, 509 (1897). 
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3:0250 l-(CHLOROMETHyL)NAPHTHALENE 


(a-Naphthylmethyl chloride; 
o-menaphthyl chloride) 


M.P. 34® (1) 

32® (2) <3) <4> <5> 

31-32® (6) (7) 

30® (8) 

29.5-30.5° (9) 

28-29° (10) 


CH2CI 

CO 




Beil.V - 566 
Vi— 
V2-(461) 


B,P. 291-292® (11) 

173-174° at 36 mm. (11) 
167-169° at 26 mm. (12) 
160-170® at 18 mm. (13) 
148-153° at 16 mm. (14) 
162-163° at 14 mm. (1) 
158-159® at 14 mm. (11) 
148-153° at 14 mm. (15) (44) 
148-150° at 14 mm. (2) 
150-152® at 13 mm. (11) 


148-150® at 13 mm. (16) (3) 

153® at 12 mm. (7) 

149.4-150.4® at 11 mm. (11) 
150-155® at 10 mm. (6) 

150® at 9 mm. (11) 

145-146° at 6 mm. (17) 

135-139® at 6 mm. (18) 

126-129® at 6 mm. (10) 

128-133® at 6 mm. (16) 

134® at 3 mm. (11) 

118-122° at 2 mm. (19) 


[8€6 also 2-{chloromethyl)napUh/jletfie (3:0747).] 

Colorless cryst. from ale. at —15° (9); C on distn. tends to dec. and even in vacuum 
must be distd. with care (11), since it readily changes to a chlorine-freo solid melting 
around 200° (11). — C is a powerbil skin irritant (15). 

The prepn. of C has been much studied in recent years because of its importance in 
prepn. of the important plant-growth stimulant a-naphthylacetic acid (1:0728). 

[For prepn. of C from naphthalene -f- paraformaldehyde (or trioxymethylenc) in AcOH 
with cone. HCl + H3PO4 (yields: 70-72% (16), 56.5% (20), 54% (21), 45% (15) (13)) 
sec indie, refs.; from naphthalene + paraformaldehyde (or trioxymethylenc) in AcOH 
with dry HCl gas (yields: 73-95% (3), denied (15), 51.5% (19), 31.6% (20)) or in AcOH/ 
H3P04/conc. HCl (74-77% yield (44)) cf. (15) see indie, refs.; from naphthalene + para- 
formaldehyde (or trioxymethylene) -f- ZnC^ in pet. ether (yields: 42% (4), 36% (17), 
11% (4)) see indie, refs.: for prepn. of C from aq. formaldehyde soln. (formalin) with 
cone. HCl + HCl gas sec (8) (7), or with replacement of the HCl gas by cone. H2SO4 
(yields: 68-70% (11), 60-70% (24) cf. (46), 60% (22), 33% (23)) (6) (26); for prepn. of 
C from naphthalene -f- ehloromethyl ethyl ether (3 : 7195) -h SnCl2 sec (6) ; from naphthalene 
+ ehloromethyl methyl ether (3:7085) (50% yield) see (10); from naphthalene -f «yw.- 
dichlorodimcthyl ether (3:5245) -f- H3PO4 (or H2SO4) see (27); note that in prepn. of C 
by the preceding methods other products are also formed, notably 1,5-Ws- (ehloromethyl )- 
naphthalene, cf. (2) (13), colorless cryst. from CsHg, m.p. 144® (2), b.p. 175-185° at 12 mm. 
(2), and di-(a-naphthyl) methane [Beil. V-728, Vi-(360)], cryst. from ale., m.p. 108® (13).] 
[For prepn. of C from a-mcthylnaphthalene (1:7600) with CI2 see (9) (12) (14); from 
a-naphthylmethylcarbinol [Beil. VI-667, VIi-(320)] with SOCI2 in toluene (79% yield (18)) 
or with cone. HCl on htg. in s.t. (30% 3deld (1)) see indie, refs. ; from AT-benzoyl-a-naphthyl- 
methylamine (1) or A-benzoyl-6is-(a-naphthylmethyl)amine by htg. with PCls see (1).] 

C on oxidn. with Cu(N03)2 or C with hexamethylenetetramine refluxed in ale. gives 
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(yields: 60% (4), 69-60% <11), 48% (6)) a-naphthaldehyde [Beil. VII-400, 965, Vlli- 
(212)], b.p. 291-292® (28), 158^159° at 14 mm. (6) (oxime, m.p. 98° (11) (28), phenyl- 
hydrazone, m.p. 82° (11), p-nitrophenylhydrazone, m.p. 237° (11), 2,4-<iinitrophenyl- 
hydrazone, m.p. 264° (11), semicarbazone, m.p. 224° (4), 219° (11)). 

[C on cat. hydrogenation (10) or on reductn. with Zn in ale. + dry HCl gas at 0° (68% 
yield (4)) (15), or by hydrolysis of o!-CioH 7 .CH 2 MgCl (see below) (80% yield (15)), gives 
a-methylnaphthalene (1:7600); note that reductn. of C with 4Na + ale. is incomplete (4).] 

[C with Mg in dry ether -f trace I 2 + trace Mel under N 2 readily ^ves (88-92% yield 
(15)) (18) corresp. ac-CioH 7 .CH 2 MgCl. This llMgCl cpd. shows many of usual reactns.: 
e.g., with aq. it gives (80% yield (15)) a-methylnaphthalene (1:7600); on carbonation 
with CO 2 and subsequent acidification it gives (69.4% yield (18)) a-naphthylacctic acid 
(1:0728); with phenyl isocyanate it gives (36% yield (18)) (15) a-naphthylacetic anilide, 
m.p. 156-157° (16); with a-naphthyl isocyanate it gives (15) a-naphthylacetic a-naphthalide, 
cryst. from xylene, m.p. 175-177° (15); with HgCl 2 it gives (15) a-naphthylcarbinyl- 
mercuric-cliloridc, cryst. from 80% ale., m.p. 126-128° (15); with Me 2 S 04 it gives (55.1% 
yield (18)) a-ethylnaphthalene; with CINH 2 it gives (47% yield (45)) a-(aminomethyl)- 
naphthalene. However, in certain cases, the RMgCl cpd. shows abnormal reactns.: e.g., 
with formaldehyde gas it gives (18) a-methyl-/3-naphthylcarbinol -f l,2-di-(a-naphthyl)- 
ethane; with ethyl chloroformate it gives (18) ethyl a-methyl-/3-naphthoate; with acetyl 
chloride it gives (poor yield (22)) l,3-di-a-naphthyl-2-methylpropene-l. (Note also that 
the closely related a-CioH 7 .CH 2 .COOMgCl with C 2 HBMgBr or iso-C 3 H 7 MgCl yields (29) 
a-naphthylmalonic acid, m.p. 151° dec.)] 

[C with diethyl malonatc -f NaOEt in ale. gives (yields: 82% (19), 80% (8)) diethyl 
a-naphthylmethylmalonate which upon hydrolysis gives (99% yield (19)) a-naphthyl- 
methylmalonic acid, and this on htg. at 175° loses CO 2 giving (92% yield (19)) /8-U- 
naphthyl)propionic acid, m.p. 156.0-156.6° cor. (19) (methyl ester, m.p. 36° (2)). — C 
with diethyl methyl-malonate -f NaOEt in abs. ale. gives similarly (70.5% yield (21)) 
diethyl methyl- (a-iiaphthylmethyl)malonate, and ultimately (73% yield (21)) /9“(1“ 
naphthyl )isobutyric acid, m.p. 91.8-92.6° (21).] 

[C with KCN in dil. EtOH (yields: 87% (31), 40% (14) (20) (26) (30) (46) or with 
NaCN in MeOH (yield 85% (2)) gives a-naphthylacetonitrile, b.p. 183-187° at 13 mm., 
m.p. 31-32° (31), which on hydrolysis with Ac 0 H/H 2 S 04 /aq. (20) (2) (31) cf. (32) (46) 
gives a-naphthylacctic acid (1:0728).] 

[C with KOAc in AcOH refluxed for 2 hrs. gives (2) a-naphthylcarbinyl acetate, b.p. 
134-136° at 1.5 mm. (2), which on hydrol. with ale. KOH gives a-naphthylcarbinol (see 
above). — C with aq. Na 2 S 03 + NaOH gives (4) sodium 1-naphthylmethanesulfonate. — 
For study of nitration of C see (42) (43).] 

[C with paraformaldehyde + ZnCl 2 + dry HCl gas in pet. ether gives (57% yield (4)) 
l,5-6i«-(chloromethyl) naphthalene, m.p. 144° (see above).] 

(For reactn. of C with 2- (chloromethyl) naphthalene (3:0747) see (33); for reactn. of 
C with iS-methylnaphthalene (1:7605) + AlCls in CS 2 see (33).] 

[Fbr reactn. of C with xylene in prepn. of synthetic resins sec (34); for reactn. of C with 
2,2'-dihydroxydiethyl sulfide (“ thiodiglyccl ”) in prepn. of textile assts. see (35); for 
condens. of C with 2-hydroxy-3-naphthoic acid derivs. in prepn. of prods, for animalization 
of vegetable fibers see (37).] 

[C with aq. at 100° for 1 }^ hrs. is 21.5% hydrolyzed (1). — C with MeOH gives (87% 
yield (36)) (2) methyl a-naphthylmethyl ether, b.p. 134° at 11 mm. (36), 101-103° at 1.5 
mm. (2); 6 with EtOH -|- CaCOa gives ethyl o-naphthylmethyl ether, b.p. 144.6° at 11 mm. 
(36); other ales, behave similarly (36). — For reactn. of C with cresol in prepn. of synthetic 
resins see (38).] 
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(C with liq. NHs as directed <30) gives 72% a-naphthylmethylaininc (AT-benzoyl doriv., 
Ifts. from ale., m.p. 154° (1)) + 20% 5ts-(a-naphthylmethyl)amine (A-benzoyl deriv., pr. 
from ale., m.p. 134° (1)). — C with ale. NH 3 as directed <39) gives 11% of the above prim, 
amine 4- 38% of the above sec. amine -f 47% iris-(a-naphthylmethyl)amine, cryst. from 
ale., m.p. 178° (39). — Note the use of the above (a-naph thy Imethyl) amine as useful 

reagent for quant, pptn. of HNO 3 ( 6 ). — For reactn. of C with (CH 3 ) 2 NH see (1). — C 
with aniline at 100° gives (77% yield (4)) AT- (a-naphthylmethyl) aniline, m.p. 67° (4) 
(corresp. nitroso cpd., m.p. 57° (4)).J 

[C with thiourea in ale. as directed (40) yields AS-(a-naphthylmethyl)isothiourea hydro- 
chloride, m.p. 238° (40). — C with p-toluenesulfonamide + ale. KOH refluxed 12 hrs. gives 
(57% yield ( 6 )) A,iV- 6 is-(a-naphthylmcthyl)p-toluenesulfonamide, cryst. from boilg. 
ale., m.p. 134° ( 6 ).] 

(C with various polynitrophenols gives addn. prods.: e.g., that from picric acid has 
m.p. 80-82° (41), 84° (4); that from 2 , 4 , 6 -trinitro-? 7 i-cresol has m.p. 81.5-82° (41); that 
from 2 , 4 , 6 -trinitroresorcinol (styphnic acid) has m.p. 112.5-113° (41).] 

(g) A-(a-Naphthylmethyl)phthalmiide (oj-phthalimido-a-methylnaphthalene) : white ndls. 
from hot ale., m.p. 174-175° ( 6 ). [From C + Na phthalimide refluxed 6 hrs. in ale. in 
82% yield ( 6 ).] — [Hydrolysis of this prod, with 4 pts. cone. HCl in s.t. 2 hrs. at 
100 ° gives ( 86 % yield ( 6 )) a-naphthylmethylamine (see above).] 

3:0250 (1) von Braun, Moldaenke, Ber. 56, 2167-2172 (1923). (2) Manske, Ledingham, Can. 

J. Hesearch 17-B, 14-20 (1939); Cent. 1939, 1 4037; C.A. 33, 5387 (1939). (3) Darzens, Levy, 

Compt. rend. 202, 73-75 (1936). (4) Andersrm, Short, J. Cheni. Hoc. 19^, 486. (5) de Pom- 

mereau, Cornpt. rend. 175, 105- 106 (1922). (6) Rupc, Brentano, Helv. Chim. AUa 19, 681-686 

(1936). (7) Reddelien, Lange (to I.G.), Gcr. 608,890, Oct. 2, 1930, Brit. 337,289, Nov. 20,1930; 

Cent. 1931, I 1830. (8) von Braun, Nello.s, Ber. 66, 1470 (1933). (9) Davies, Oxford, J. Chem. 

Hoc, 1931, 220-221. (10) Vavon, Bolle, Cullin, BuU. soc. cfiim. (5) 6, 1032-1033 (1939). 

(11) Coles, Dodds, J. Am. Chem. Soc. 60, 853-854 (1938). (12) Schcrler, Ber. 24, 3929-3930 

(1891). (13) Lock, Walter, Ber. 75, 1158-1161 (1942), (14) Wisiicenus, Wren, Ber. 38, 506-507 

(1906). (15) Grumniitt, Buck, J. Am. Chem. Soc. 65, 295-296 (1943). (16) Ruggli, Burckhardt, 

Helv. Chim. Acta 23, 443 (1940). (17) Blanc, BuU. soc. chim. (4) 33, 319 (1923). (IS) Gilman, 

Kirby, J. Am. Chem, Soc. 51, 3475-3478 (1929). (19) Fieser, Gates, J. Am. Chem. Soc. 62, 2338 

(1940). (20) Cambron, Can. J. Research 17-B, 1(>-13 (1939). 

(21) Fieser, Novello, J. Am. Chem. Soc. 62, 1856-1857 (1940). (22) Campbell, Anderson, 

Gilmore, J. Chem. Soc. 1940, 821. (23) Ruggli, Preuss, Helv. Chim. Acta 24, 1349-1350 (1941). 

(24) Slunuk, Guseva, Doklady Vsesoyuz Akad. Sel’sko~Khoz. Nauk im. Lenina 1940, No. 14, 3-5; 
C.A. 37, 2005 (1943). (25) Lange (to I.G.), Ger. 533,132, Sept. 9, 1931; Cent. 1931, II 2659. 

(26) RobUn, Hechenbleiknei (to American Cyanamide Co.), U.S. 2,166,554, July 18, 1939; 
Cent. 1939, II 4354. (27) Cambron (to Hon. Advis. Council for Sci. and lud. Research), U.S. 

2,304,537, Dec. 8, 1942; C.A. 37, 2748 (1943). (28) Hinkel, Ayling, Beynon, J. Chem. Soc. 1936, 

342. (29) Ivanov, Pchenitchy, BuU. soc. chim. (5) 1, 232 (1934). (30) Higginbottom, Short, 

Rec. trav. chim. 53, 1141 (1934). 

(31) Briggs, Wilson, J, Chem. Soc. 1941, 501. (32) Buu-Hoi, Cagniant, Bull. soc. chim. (5) 9, 

725-727 (1942) ; C.A. 37, 5393 (1943). (33) Clar, Lombardi, Gazz, chim. ital. 62, 542-544 (1932) ; 

C.A. 27, 81 (1933). (34) Deutsche Hydrierwerke, Brit. 465,148, May 27, 1937; Cent. 1937, II 

4397. (36) I.G., French 811,273, Aprfl 10, 1937; Cent. 1937, II 1083. (36) Reddelien, Lange 

(to I.G.), Ger. 616,280, Jan. 21, 1931; Cent. 1931, 1 2396. (37) I.G., Brit. 462,290, April 1, 1937; 

Cent. 1^7, II 2456. (38) Kriinzlcin, Voss, Brunner, Ger. 526,391, June 6, 1931; Cent. 1931, 

II 1203. (39) von Braun, Ber. 70, 979-980, 983-984 (1937). (40) Sprague, Johnson, J. Am. 

Chem. Soc. 59, 1839 (1937). 

(41) Dermer, Proc. Oklahoma Acad. Sci. 22, 160-162 (1941); C.A. 37, 4376 (1943). (42) 

Izmail’skii, Kozin, Compt. rend. acad. sci. U.R.S.S. 28, 621-624 (1940); C.A. 35, 2882 (1941). 
(43) Izmail’skii, Compt. rend. acad. sci. U.R.S.S. 29, 98-102 (1940); C.A. 35, 3248 (1941), (44) 
Grummitt, Buck, Org. Syntheses 24, 30-32 (1944). (46) Coleman, Forrester, J. Am. Cfuem. Soc. 

58, 28 (1936). (46) Shmuk, Guseva, J. Applied Chem. iU.S.S.R.) 14, 1031-1035 (1941); C.A. 
39, 4069 (1945). 
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3 : 0255 m-CHLOROPH£NOL OH 



CeHsOCl Beil. VI -185 
VIx-( 99) 
Vl2-(172) 


M.P. 32.8® <1) 
32® (2) 

31-32® <3) 
31® (4) 

28.5® (5) 

28® (6) 


B.P. 215.5-217.1® (7) 
216® (17) 

213-216® (8) 

214® (6) cor. (16) 
211-212° U.C. (5) 
98® at 12 mm. (2) 


Z)5? = 1.837 (9) 
Ei‘± == 1.868 (9) 


» 1.5S6A (1) 


C has odor like phenol (for study of strength of odor in aq. soln. see (10)). — C in pres, 
of aq. has unusual tendency to form supersatd. solus. (11) (for temp./compn. data on soly. 
of C in aq. or in Celle see (11)). — C eas. discolors in air. 

[For prepn. of C from ??i-chloroaniline [Beil. XII-602, XIIi-(300)] via diazotization and 
subsequent reaction with aq. (yields: aim. quant. (12) (13), 67% (1), 64% (8), 55% (4), 
50% (14)) (15) (5) (16) see indie, refs, (note that the process is sensitive to conditions and 
refs, indie, give valuable information on its control); for formn. of C from 7W-dichlorobenzene 
(3:5960) with NaOMe in MeOH in s.t. at 180° for 30 hrs. see (17). 1 

C like its isomers is sol. in cone. Na2C03 soln. at room temp, and is repptd. by CO2 (18). 
[For studies of value of ionization const, of C in aq. or dil. MeOH or dil. EtOH see (19) 
( 20 ) ( 6 ) ( 21 ) ( 22 ).] 

C on fusion with KOH yields (23) resorcinol (1:1530). — [For condens. of C with 
phthalic anhydride to yield 3,6-dichlorofluorane (“ fluorescein chloride ”) [Beil. X1X-147] 
(impt. intermed. in prepn. of rhodamine dyes) see (12) (68).] 

[C conv. to dry Na salt and treated with CO2 under press, yields after acidifn. (14) 6- 
carboxy-3-chlorophenol (4-chloro-2-hydroxy benzoic acid) (4-chlorosalicylic acid) (3:4908), 
ndls. from aq., m.p, 207° (14).] 

[C in the Heimer-Tiemann rcactn. with alk. (or better Ca(OH)2 + Na2C03 (24)) and 
chloroform (24) or bromoform (25) yields both 6-aldehydo-3-chlorophenol (4-chloro8alicyl- 
aldehydc) (3:0960) and 4-aldchydo-3-chlorophcnol (3:4280) in o/p ratio of 0.71 with 
CHCI3 (26) (25) and 0.84 with CHBrs (25).] — [The 4-aldchydo-3-chlorophenol has also 
been obtd. (50% yield) from C in CsHe with HCl + HCN + ACI3 (29).] 

[C in aq. Na2C03 soln couples with 1 equiv. of benzenediazonium chloride yielding 
(27) (18) 3-chloro-4-phenylazophenol, or.-ycl. ndls. from 25% AcOH, m.p. 95° (27), or, 
on expos, to HCl, or.-red, m.p. 114° (27) (18); C in aq. NaOH with 2 equivs. of benzenedia- 
zonium chloride yields (27) 3-chloro-2,4-5i5(phenylazo)phenol, dark red-bm., m.p. 181°; 
no <m-azo cpds. appear to be formed (27). — For study of coupling of C with p-nitrobenzene- 
diazonium bisulfate see (28). 

[C is not reduced by HI in AcOH (30); for study of replacement of Cl by H with H2 + 
Ni cat. at room temp, see (31 ).] 

[C with p-aminophenol oxidized in alk. soln. with NaOCl yields (32) indochlorophenol; 
C with p-aminodimethylaniline on oxidn. with NaOCl as directed (8) yields 3-chloro- 
N,iV-dimethylindoaniline.] 

[For condensation of C with formaldehyde (33) or with benzaldehyde-o-sulfonic acid (34) 
and use of product as mothproofing agents sec indie, refs.; for reactn. of C with unsatd. 
halides in pres, of alk. yielding m-chlorophenyl alkenyl ethers which by rearr. yield corresp. 
substituted phenols used as bactericides see (35) (36).] 

[For condens. of C with malic acid (1:0450) + cone. H2SO4 giving small yield of 7- 
chlorocoumarin [Beil. XVII-331] see (37); with ethyl acetoacetate (1:1710) + H2SO4 
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giving small yield of 7-chloro-4-methylcoiimarin [Beil. XVII-336] see (37) J with ethyl 
methylacetoacetatc (1 : 1712) + P2^6 yielding 7-chloro-2,3-dimethylchromone [Beil. 

XVIIi.(177)] see (38).] 

C with 3 moles Br2 (in aq. KBr) gives 100% yield (39) 2,4,6-tribromo-3^hlorophenol, 
ndls. from dil. ale., m.p. 105-106° cor. (39) (methyl ether, m.p. 96° (39)); C in 10% aq. 
KOH with 4 moles I2 (in aq. KI) gives 2,4,6“triiodo-3-chlorophenol, ndls. from boilg. 
AcOH, m.p. 139-140° (39). 

[C in dil. NaOH mixed with aq. NaN02 and acidified as directed (40) gives (40% yield 
(40)) (43) 3-chloro-4-nitrosophenol, m.p. 133° (40), 129.6° (41); on soln. in Na2C03 and 
subsequent acidification this rpd. yields (40) (43) the isomeric 3-chlorobenzoquinone-4- 
monoxime, m.p. 184° dec. (40), cf. (42).] 

[C on mononitration with H2SO4 + NaNOa as directed (44) or C in AcOH with fumg. 
HNOa at 0° (45) gives (yield: 32% (45), 22% (44)) 3-chloro-6-nitrophenol [Beil. VI-238], 
volatile with steam, m.p. 41° (44), together with (60% yield (44)) 3-chloro-4-nitrophenol 
[Beil. Vl-240], not volatile with steam, white ndls. from dil. HCl or aq., m.p. 121-122° (44). 
— Note that the two other position isomers although known have been obtd. indirectly: 
3-chloro-2-nitrophenol, anhydrous form, yel. cryst., m.p. 45-47° (46) (47); monohydrate, 
colorless cryst. from pet. ether, m.p. 37.5-38° (46) (47) (44); 3-chloro-5-nitrophenol [Beil. 
VI-239] (48), m.p. 147°.] 

[C on dinitration as directed (44) (49) gives .3-chloro-4,6-dinitrophenol [Beil. VI-259, 
VIi-(128)], colorless cryst. from aq. or It. pet., m.p. 92-93° (44). — Note that two other 
position isomers are known but prepd. indirectly: 3-chloro-2,6-dinitrophenol, white cryst. 
from dil. HCl, m.p. 114.5° (44) (49); 3-chloro-2,4-dimtrophenol, cryst. from aq., m.p. 
13%-140° (44) (49).] 

C on trinitration by soln. in 1}^ pts. fumg. H2SO4 (27% SO3) and treated in cold for 
1 hr. with 10 pts. 70% HNO3 (44) cf. (4) (50) yields 3-chloro-2,4,6-trinitrophenol [Beil. 
YI-292], cryst. from aq. or dil. H2SO4, m.p. 114° (44), 116° (4), 119° (50). — [Note that if 
C is sulfonated prior to trinitration the isomeric 3-chloro-2,5,6-trinitrophenol, m.p. 112.5- 
113.5° (44), is obtd. (44).] 

[For studies on the sulfonation of C see (44) (51) (52) (53).] 

[C in MeOH/KOH with Mel yields (29) m-chlorophenyl methyl ether (m-chloroanisole) 
(8:6195).] [C in EtOH/KOH with EtI gives (18) 3-chlorophenyl ethyl ether (m-chloro- 
phenetole) (3:6323), b.p. 204-205° at 717 mm., D4® = 1.1712 (18) (for rate of formn. 
from sodium salt of C with EtI in ale. soln. see (55)).] 

m-Chlorophenyl acetate [Beil. VI-185]: oil, b.p. 116.5° at 21 mm. (18), 108° at 

12 mm. (57), 84-86° at 2 mm. (57), m.p. -1.5° to -0.5° (18), Df = 1.2209 (18). 
[From C with AC2O + NaOAc ( 18) or indirectly from m-chloroaniline via diazotiazation, 
etc. (57).] [For rate of reactn. of C with AcBr see (58).] 

® m-Chlorophenyl benzoate [Beil. IX-117]: pr. from dil. ale. or dil. acetone, m.p. 71- 
72° (18). [From C in 10% aq. Na2C03 with BzCl (18); for study of rate of benzoyla- 
tion of C see (59).] 

® m-Chlorophenyl m-nitrobenzoate: ndls. from ale. or dil. acetone, m.p. 94-95° (18). 

[From C in alk. with m-nitrobenzoyl chloride (18).] 

® m-Chlorophenyl ^-nitrobenzoate: m.p. 99°. 

® m-Chlorophenyl 3,6-dinitrobenzoate: m.p. 156°. 

m-Chlorophenyl benzenesulfonate: unrecorded. 

m-Chlorophenyl ^-toluenesulfonate: unrecorded. 

m-Chlorophenyl benzyl ether: m.p. 69°. [From C -f benzyl-phenyl-dimethyl-am- 
monium chloride (60).] 

m-Chlorophenyl ^-nitrobenzyl ether: unrecorded. 
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m-Chlorophenyl 2,4-dinitrophenyl ether: pale yel. ndls. from aJc., m.p. 75® (61). 

[From C in alk. with ale. 2,4-clinitrochlorobenzene (61).] 

® m-Chlorophenozyacetic acid: cryst. from aq., m.p. 108-110° u.c. (62), Neut. Equiv. 

186.5. [From C in aq. NaOH with chloracetic acid (62).] 

m-Chlorophenyl iV-phenylcarbamate: unrecorded. 

(g m-Chlorophenyl iV-(p-bromophenyi) carbamate: ndls. from CeHe + EtOAc, m.p. 

121-123° cor. (64). [From C + p-bromobciizazide in Igr. (64).] 

(g m-Chlorophenyl iV-(^-iodophenyl) carbamate: m.p. 138-139° (69). [From C with 
p-iodobenzazide in hot Igr. (69).] 

(g m-Chlorophenyl iV-(m-nitrophenyl)carbamate: m.p. 115-116° u.c., 117-118° cor. (70). 

[From C with m-nitrobenzazide or with m-nitrophenyl isocyanate in Igr. (70).] 

(g m-Chlorophenyl JV-(p-nitrophenyl) carbamate: pale yel. pr. from Igr., m.p. 144° cor. 

(65). [From C p-nitrobenzazide in Igr. (65).] 

(g m-Chlorophenyl iV-(3,6-dinitro-4-methylphenyl)carbamate: or .-yel. pr. from Igr., 
m.p. 170-172° U.C., 174-176° cor. (63). [From C with 3,5-dinitro-4-methylbenzazide 
in Igr. (63).] 

(g m-Chlorophenyl iV-(a-naphthyl)carbamate: cryst. from Igr., m.p. 157-158° (66). 

[From C a-naphthyl isocyanate in Igr. (66). 1 
(g m-Chlorophenyl iV- (/3-naphthyl) carbamate: pr. from Igr., m.p. 114-115° u.c., 116- 
117° cor. (67). [From C + /3-iiaphthyl isocyanate (or azide) in Igr, (67).] 

m-Chlorophenyl iV,iV-<iiphenylcarbamate: unreported. 

3:0255 (1) Holleman, Rinkes, Rec. trav. chim. 30, 81-82, 86 (1911); 42, 1092 (1923). (2) Kuhn, 

Wassermanii, Helv. Chim. Acta 11, 14 (1928). (3) Williams, Fogelberg, J. A^n. Chem. Soc. 52, 

1358 (1930). (4) Seekles, Rec. irao. chim. 42, 70-77 (1923). (5) Uhloniann, Ber. 11, 1161-1162 

(1878). (6) Bennett, Brooks, Olasstone, J. Chem. Soc. 1935, 1823. (7) Kohlruusch, Pongratz, 

Monatsh. 65, 262 (1935). (8) P'ieser, Thompson, J. Am. Chim. tioc. 61, 382-383 (1939). (9) 

Thole, Mussell, Dunstan, J. Chem. t>oc. 101, 1115 (1913). (10) HoUernan, Rec. trao. chim. 37, 106 

(1918). 

(11) Sidgwick, Turner, J. Chem. Soc. 121, 2256-2263 (1922). (12) Hodgson, J. Soc. Dyers 

Colourists 42, 175-179 (1920). (13) Britisli Dyestuffs Corp., Ltd., & Hodgson, Brit. 200,714, 

Aug. 9, 1923; Cent. 1925, II 2297. (14) Varnholt, J. prakt. Chem. (2) 36, 27-28 (1887). (15) 

Tschunkur, Herdieckhoff (to 1.(1.), Ger. 497,412, May 9, 1930; Cent. 1930, II 984. (16) Beilstein, 

Kurbatow, Ann. 176, 45 (1875). (17) Holleman, de Mooy, Rec. trav. chim. 35, 19, 27 (1915). 

(18) Wohlleben, Ber. 42, 4371-4373 (1909). (19) Murray. Gordon, J. Am. Chem. Soc. 57, 110- 

111 (1935). (20) Schwarzenbach, Egli, Helo. Chim. Acta 17, 1181 (1934). 

(21) Hodgson, Smith, J. Chem. Soc, 1939, 263-264. (22) Jenkins, J. Chem. Soc. 1939, 1137- 

1140. (23) Tijmstra, Chem. Weekblad 5, 90-101 (1908), Cent. 1908, I 1051. (24) Hodgson, 

Jenkinson, J. Chem. Soc. 1927, 1740-1742. (25) Hodgson, Jenkinson, J . Chem. Soc. 1929, 1641- 

1642. (26) Hodgson, Jenkinson, J. Chem. Soc. 1929, 469-471. (27) Hodgson, Turner, J. Chem. 

Soc. 1942, 4.33—435. (28) Richardson, J. Clu'm. Soc. 1937, 136.3-1365. (29) Gattermanii, 

Ann. 357, 334, 349 (1907). (30) Shoesmith, Hetherington, Slater, J. Chem. Soc. 125, 1317-1318 

(1924). 

(31) Kelber, Ber. 54, 2255-2260 (1921). (32) Heller, Ann. 418, 270-271 (1918). (33) Weiler, 

Berres, Wenk, Stotter (to I.GO, Ger. 636,551, Oct. 24, 1931; Cemt. 1932, I 3013. (34) I.G., 
Austrian 124,284, Aug. 25, 1931; Cent. 1931, II 3175. (35) Deichsel (to Winthrop Chem. Co.), 
U.S. 2,002,447, May 21, 1935; Cent. 1935, II 2581; C.A. 29, 4376 (1935). (36) Deichsel (toI.G.), 

Brit. 443,113, March 19, 1936; Cent. 1937, I 384; C.A. 30, 4873 (1936). (37) Clayton, J. Chem. 

Soc. 93, 2021-2022 (1908). (38) Simoiiis, Schuhmaim, Ber. 50, 1146 (1917). (39) Kolm. Zand- 

mann, Monatsh. 47, 362, 366 (1926). (40) Hodgson, Kershaw, J. Chem. Soc. 1929, 1553, 1555. 

(41) Hodgson, Moore, J. Chem. Soc. 123, 2602-2503 (1923). (42) Hodgson, Nicholson, J. 

Chem. Soc. 1940, 1268. (43) British Dyestuffs Corp., Ltd., & Hodgson, Brit. 206,734, Dec. 6, 1924; 
Cent. 1025, II 2094. (44) Hodgson, Moore, J. Chem. Soc. 127, 1599-1604 (1925). (46) Roberts. 

Rhys, J. Chem. Soc. 1937, 41. (46) Hodgson, Moore, J. Chem. Soc. 1926, 166, 168. (47) 

Hodgson, J. Soc. Dyers Colourists^ 43, 73 (1927). (48) Hodgson, Wignall, J. Chem. 8oc. 1926, 

2077. (49) Hodgson, Kershaw, J. Chem. Soc. 1930, 2169-2171. (50) Tijmstra, Rec. trav. chim. 

21, 293 (1902). 

(61) Hodgson, Kershaw, J. Chem. Soc. 1930, 1419-1425; 1029, 2918, 2923. (52) Schoepfle, 
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Van Natta, Clarkson, J. Am. Chem. Soc. 50, 1174 (1928). (53) Schlubach, Mergenthaler,’ Bcr. 

58, 2734 (1925). (64) Ghaswalla, Dorman, J. Chem. Soc. 1936, 1344. (55) Goldsworthy, J. 

Chem. Soc. 1926, 1254. (56) R6verdin, Eckhard, Ber. 32, 2626 (1899). (57) Haller, Schaffer, 

/. Am. Chem. Soc. 55, 4954-4965 (1933); U.S. 1,933,975, Nov. 7, 1933; Cent. 1934, I 948. (68) 

Bassett, J. Chem. Soc. 1931, 2616-2518. (59) Bernoulli, St. Goar, Heh. Chim. Acta 9, 755 (1926). 

(60) Baw, J. Indian Chem. Soc. 3, 101-104 (1926). 

(61) Bost, Nicholson, J. Am. Chem. Soc. 57, 2368-2369 (1936). (62) Koelsch, J. Am. Chem. 

Soc. 53, 304-305(1931). (63) Sah, Rec. trav. chim. 58,587-588(1939). (64) Sah, Cheng, Bee. 

trav. chim. 58, 592-593 (1939). (65) Sah, Cheng, Rec. trav. chim. 58,596-599 (1939). (66) 

French, Wirtel, J. Am. Chem. Soc. 48, 1736-1739 (1926). (67) Sah, Rec. trav. chim. 58, 454-458 

(1939). (68) British Dyestuffs Corp., Ltd., & Hodgson, Brit. 205,2.54, Nov. 8, 1923; Cent. 1924, 

I 711. (69) Sah, Young, Rec. trav. chim. 59, 357-363 (1940). (70) Sah, Woo, Rec. trav. chim. 58, 

1014-1016 (1939). 

3:0270 </,M-CHLORO-n-VALERIC ACID C6H9O2CI BeU. S.N. 162 

CH3.CII2.CH.CH2.COOH 

i. 

M.P. 33° (1) B.P. 113° at 10 mm. (1) Z)|® = 1.1484 <1) ng* = 1.4463 (1) 

[For prepn. of C from propylidene-acotic? acid (pentcn-2-oic acid-1) [Beil. 11-426, IIi- 
(191), Il2-(399)] with dry HCl giis at 20“ for 2 days (100% yield) see (1).J 

Methyl /9-chloro-n-valerate: unreported. 

Ethyl /8-chloro-n-valerate; b.p. 189“ see (3; 8629), 

/9-Chloro-n-valeramide: unreported. 

/S-Chloro-n-valeranilide: unreported. 

/3-Chloro-n-valero-^-toluidide: unreported. 

3:0270 (1) Schjanberg, Ber. 70, 2385-2391 (1937). 


3:0280 CHLOROMALEIC ANHYDRIDE 


C4HO3CI 


O 




Cl— ( 

\ 



H— C 

M.P. 

B.P. 



33° (1) 

196.3° cor. (2) 

DU = 1.6431 (2) 

34.6° (2) (3) 

194° 

Di® = 1.6437 (1) 


150-161° at 210 mm. (2) 

96° at 26 mm. (3A) 

87° at 14 mm. (1) 

78° at 8 mm. (1) 




Beil. XVn -434 
XYHi— 


JiJiV = 1.60694(1) 
nM.® = 1.60933 (1) 


C usually observed as a colorless oil. On cooling and scratching it solidifies to a cryst. 
mass fusing about 0® and suddenly changing to a hard cryst. form, m.p. 34.5°, with evoln. 
of ht. (2) (3). 

[For prepn. from chlorofumaric ac. (3:4853) by distn. with P2O6 see (1) (4), by distn. 
with POCla see (5) (such products are claimed by (1) to be impure); for prepn. by distn. 
with AcCl see (2); for still other methods see Beil. XVII-434.1 
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[For Diels-Alder addn. of C to cyclopentadiene-1,3 (1:8030) giving 71% yield of prod, 
m.p. 161®, or to anthracene (1:7285), giving 56% yield of prod., m.p. 157°, see (7); note, 
however, that C with isoeugenol (1:1785) or with isosafrole (1:7610) not only adds but 
also loses HCl giving <8) derivs. of 3-methyl-3,4-dihydronaphthalene-l,2-dicarboxylic 
anhydride.] 

C reacts with aq. evolving ht. and upon evapn. yields (3) (3A) (6) chloromaleic ac. 
(3:3432), cryst. from mixt. of CHCI3 + AcOH (6), which after drying at 100° have m.p. 
114-115° (6). 

3:0280 (1) von Auwers, Harres, Bcr. 62, 1686-1087 (1920). (2) Perkin, J. Chem. Soc. 53, 703- 

705 (1888). (3) van der Riet, Ann. 280, 227 (1894). (3A) Zincke, Fuchs, Ber 20, 508 (1893). 

(4) Walden, Ber. 30, 2885-2880 (1897). (5) Thomas-Mumert, Bull. soc. chim. (3) 13, 847 (1895). 

(6) Michael, Tissot, J. prakt. Chem. (2) 52, 331 (1895). (7) Syiierholrii, J. Am. Chem. Soc. 

1229-1230 (1945). (8) Syiicrholni, J. Am. Chem. Soc. 67, 345 (1945). 

3 : 0290 TRICHLOROMETHYL TRICHLORO ACETATE C3O2CI6 BeU. 10-17 

(Perchloromcthyl acetate) CI3C.O.CO.CCI3 IIIi — 

m2— 

M.P. 34° (1) B.P. 191-192° <1) Df = 1.67331 (1) 

73-74° at 10 mm. <1) 

Sol. without decompn. in cth(T, CHCI3, CcHe, or pet. eth. 

[For prepn. (71% yield (3)) by electrolysis of potassium trichloroacetate (3) or mixt. of 
Na and Zn trichloroacetates (2) (4) see (2) <3) (4); for formn. from methyl trichloroacetate 
on chlorination see (1).] 

Cwith aq, decomposes to trichloroiicetic acid (3:1150) -h phosgene (3:5000) + HCl 
(2M4). 

C with aniline yields Ar,W'-diphenylurea -h aniline trichloroacetate + aniline hydro- 
chloride (2). 

C with AICI3 yields hexachloroethane (3:4835) -p CO2 (5). 

3:0290 (l) Anschutz, Kmery, Ann. 273, 59 (1893). (2) Elbs, Kratz, /. prakt. Chem. (2) 55, 

502-505 (1897). (3) Gibson, Proc. Roy. Soc. Ed%nburgh 44, II 140-152 (1924); C.A. 18, 3041 

(1924). (4) Fichter, Fritsch, Miillcr, HeU. Chim. Acta 6, 506 (1933). (5) Jaeger, Cent. 1912, I 

1817. 

3:0300 2-CHLOROBIPHENYL 

(2-Cliloro-xenene (1)) 

M.P. 34° (2) (3) (4) (5) B.P. 273.7-273.8° at 738 mm. (7) 

33° (6) 267-268° (2) 

3!?.2° (7) 210-211° at 160 mm. (8) 

31° (15) 165-170° at 28 mm. (3) 

164° at 12.6 mm. (15) 

160-166° at 10 mm. (5) 

Cryst. from ale. — Volatile with steam (6). — Sol. ale., CCI4 (7); very sol. CeHe or pet. 
eth. (2). 

[For prepn. (36.8% yield (7)) (together with other products) from biphenyl by direct 
chlorination in presence of Fe or other cat. see (7) (2) (8) (9); for prepn. (25-38% yield (5)) 
from diazotized o-chloroaniline + CeHg see (5) (4); for prepn. (60% yield (15)) from 
diazotized o-aminobiphenyl via CU2CI2 method see (15) (10).] 


C12H9CI 


Beil. V - 579 
Vi-(272) 
V2-(483) 
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[C with aq. 15-30% NaOH at 300-400® (16) in pres, of Cu (17), or C with aq. Na2C03 
+ Cu at 300® (12), or C with aq. vapor over cat. at 625-560° (11), gives 2-hydroxybiphenyl 
(1:1440) (16) (17) (11) or its mixt. with 3-hydroxybiphenyl (1:1475) (12).] 

(For reactn. of C with phthalic anhydride 4- AICI3 yielding o-[4-(2'-chlorophenyl)- 
benzoyl]benzoic acid, short rods from AcOH, m.p. 190° cor., see (13) (14).] 

C (12 g.) on mononitration at 40° with a mixt. of cone. HNO3 {D = 1.43) (10 g.) + 
cone. H2SO4 (15 g.) gives (25% yield (3)) (18) of 2-chloro-4'-nitrobiphenyl, cryst. from pet. 
ether, m.p. 74-75° (18), 73-74° (3) accompanied by (50% yield (3)) of 2-chloro-4',5'- 
dinitrobiphenyl (see next paragraph). [Note that only one other nitro-2-chlorobiphenyl 
isomer is known, viz., 2-chloro-2'-nitrobiphenyl, m.p. 71° (19), and this has been prepd. 
only by indirect means (19).] 

C on dinitration (see above) or 2-chloro-4'-nitrobiphenyl on further nitration with fumg. 
HNO3 {D = 1.5) at 100° for 5 min. gives (18) 2-cliloro-4',5'-dinitrobiphenyl, cryst. from 
AcOH, m.p. 159-160° (18), 158-159° (3) (formerly erroneously regarded (3) as the 2- 
chloro-3',4'-dinitro isomer). [Note that two other isomeric dinitro-2-chlorobiphenyls are 
known, viz., 2-chloro-4,4'-dinitrobiphcnyl, m.p. 153-154° (18), and 2-cliloro-^,5-dinitro- 
biphenyl, m.p. 115-116° (20), 119° (21), but both have been obtd. only by indirect means.] 
[C with Mg in evacuated hard-glass tube at 200-215° for 6 hrs. gives (32% yield (15)) 
o-xenyl MgCl.] 

C on oxidn. with Cr03 -f- AcOH yields (2) o-chlorobenzoic acid (3:4150), m.p. 141°. 

3:0360 (1) Hale, J. Am. Chem. Soc. 54, 4458-4459 (1932). (2) Kramers, Ann. 189, 142-145 
(1877). (3) Mascarelli, Gatti, Gazz. chim. itcU. 63, 656-660 (1933). (4) Weissberger, Sangcwald, 

Z. phyaik. Chem. B-20 155 (1933). (5) Elks, Haworth, Hey, J. Chem. Soc. 1940, 1284-1286. 

(6) Bell, J. Chem. Soc. 128, 2773. (7) Jenkins, McCullough, Booth, Irui, Kng. Obem. 22, 31-34 

(1930). (8) Britton, Stoesser (to Dow Chem. Co.) U.S. 1,835,754, Deo. 8, 1931; Cent. 1932, I 

1440; C.A. 26, 995 (1932). (9) Britton, Stoc8.ser (to Dow Chem. C’o.), U.S. 1,890,427, Deo. 6, 

1932; CenLlddZ, II 2894; C.A. 27, 1642 (1933). (10) Mascarelli, Gatti, Pirona, Atti accad. 

Lincei (6) 14, 506-511 (1931); Ceiit. 1932, I 2713 [C.A. 26, 4322 (1932)]. 

(11) Booth (to Swann Research, Inc.), U.S. 1,925,367, Sept. 5, 1933; Cent. 1934, 1 128 [C.A. 27, 
5342 (1933)]. (12) Britton (to Dow Chem. Co.), U.S. 1,959,283, May 15, 1934; Cent. 1934, II 

1688; C.A. 28, 4433 (1934). (13) Groggins, Ind. Eng. Chem. 22, 622-623 (1930). (14) Groggins, 

U.S. 1,786,526-1,786.529, Dec. 30, 1930; Cent. 1931, II 3157-3158. (15) Zaheer, Faaeeh, J. 

Indian Ch&m. Soc. 21, 27-28 (1944); C.A. 39, 291 (1945). (16) du Pont Co., Brit. 406 319, 

March 22, 1934; Cent. 1934,13801 [C.A. 28, 4745 (1934)]. (17) Britton (to Dow Chem. Co ) 

U.S. 1,996,744, April 9, 1935; Cent. 1935, II 1962 [C.A. 29, 3354 (1935)]. (18) Case, J. Am. Chem. 

Soc. 65, 2137-2138 (1943). (19) Mascarelli, Gatti, Atti accad. Lined (6) 13, 887-893 (1931); 

Cent. 1931, II 2605; not in C.A. (20) Bradsher, Amore, J. Am. Chem. Soc. 66, 1283-1284 (1944)' 
(21) Borsche, Scholten, Her. 50, 602-603 (1917). 

3: 0310 m-XYLYLENE (DI)CHLORIDE CgHsCb 

(«,<o'-Dichloro-?7i-xylene) CH2CI 


CH2CI 

M.P. 34.2® (1) B.P. 250-256® (1) 

32-34® (4) 

Cryst. which show remarkable ability to supercool without solidification. — C sublimes. 
— Sol. in ale., ether, CHCI3, pet. eth. 

(Prom prepn. from m-xylyleneglycol + boilg. cone. HCl see (1); from m-xylene (1:7420) 
+ PCI5 at 190° see (2); for formn. of C (3%) during chloromethylation of benzyl chloride 
(3:8535) see (4).] 


Beil. V - 373 
Vi- 
V2-(291) 
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C on htg. with K phthalimide yields <3) iV’,A7’'-wi^xylylenediphthalimide [Beil. XXI-496], 
white ndls. from AcOH, m.p. 237° (3). 

3:0310 (1) Colson, Ann. chim. (6) 6, 113-114 (1886). (2) Colson, Gauthier, Ann. chim. (6) 11, 

23 (1887). (3) Posner, Schreiber, Ber. 67, 1137 (1924). (4) Kulka. Can. J. Research 23-B, 

107 (1945). 


3:0320 1,2-DICHLORONAPHTHALENE 



Beil.V - 542 
Vi-(262) 
V2-(445) 


M.P. 

35° (1) 

( 2 ) < 10 ) 
34-35° <3) 
<4> 

34° (7) (8) 
33-34° (5) 


B.P. 

295-298° (5) 

151-153° at 19 mm. (6) 


Df^ 


1.3147 (6) nj? ® « 1.63375 <6) 


Colorless cryst. from ale. (4). — Volatile with steam (2). 

[For prepn. of C from 2-chloronaphthalenesulfonyl chloride-1 on distn. with excess PCls 
(1) or on htg. with 3 moles PCls at 160-165° for 5 hrs. (36% yield <5)); from 2-amino-l- 
cliloronaphthalene (3) (4) or 2-amino-l-nitronaphthalene (2) via diazotization and use of 
CU2CI2 see indie, refs.; from l-chloronaphthol-2 (3:1700) by htg. with PCls see (8); from 
potassium 7,8-dichloronaphthalcncsulfonate-2 -h H3PO4 on distn. with superheated steam 
see (7).] 

[C on nitration with a mixt. of equal pts. fumg. HNO3 (D — 1.45) + cone. H2SO4 gives 
(9) l,2-dichloro-a:,2/-dinitronaphthalene, pale yel. ndls. from hot AcOH, m.p. 169.5° (9).] 
[C on monosulfonation with CISO3H in CS2 yields (10) a mixt. of 1,2-dichloronaphthalene- 
sulfonic acid-5 [Beil. XI-163] (corresp. sulfonyl chloride, m.p. 106°, corresp. sulfonamide, 
m.p. 217°) and 1,2-dichloronaphthalenesulfonic acid-6 [Beil. XI-182] (corresp. sulfonyl 
chloride, m.p. 167°, corresp. sulfonamide, m.p. 190°.] 

C on oxidn. wnth CrOs/AcOH yields (9) 5,6-dichloronaphthoquinone-l,4 [Beil. VII-730J, 
yel. ndls., m.p. 181° (9). 

3:0320 ( 1 ) Armstrong, Wynne, Chem. News 73, 65 (1896). (2) Clemo, Cockburn, Spence, J. 

Chem. Soc. 1931, 1272. (3) Cleve, Ber. 20, 1991 (1887). (4) Weissberger, Sangewald, Hampson, 

Trans. Faraday Boc. 30, 890 (1934). (5) Beattie, Whitmore, J. Am. Chem. Soc. 66, 1546-1548 

(1933). (6) von Auwers, Friihling, Ann. 422, 194, 200 (1921). (7) Cleve, Ber. 26, 2489 (1892). 

(8) Cleve, Ber. 21, 896 (1888). (9) Hellstrom, Ber. 21, 3268-3269 (1888). (10) Armstrong, 

Wynne, Chem. News 60, 68 (1889); 61, 274 (1890). 
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3:0330 CINNAMOYL CHLORIDE CbBtOQ 

y -cn==CH— 0=0 


Beil. IX - 587 
IXi-(238) 


M.P. 


B.P. 



36° 

(1) (2) 

357.5° 

at 760 mm. 

(2) ® - 

35-36° 

(3) (4) 

251-353° 


(1) 


(5) (6) 

176-171° 

at 68 mm. 

(9) i>!! ® = 


(9) 

154° U.C. 

at 25 mm. 

(6) 

35° 

(7) (14) 

131° 

at 20 mm. 

(15) 

34° 

(8) 

147° 

at 16 mm. 

(10) 



136-137° 

at 16 mm. 

(3) (5) 



130° 

at 14 mm. 

(11) 



130° 

at 12 mm. 

(4) (12) 



136° 

at 11 mm. 

(13) 



131° 

at 11 mm. 

(14) 



137.3-137.6° 

at 10 mm. 

(8) 



133-133° 

at 8 mm. 

(15) 



101° 

at 2 mm. 

(16) 


1.1617 (15) 

ng ® = 1.61364 (15) 
1.1633 (7) 

ng® = 1.6303 (7) 


White cryst., sol. in CCI4 and in pet. eth. — Note that the name cinnamoyl chloride 
avoids confusion with cinnamyl chloride, CeHs.CH— CH.CH2CI (3:0010). 

[For prepn. of C from cinnamic acid (1:0735) with PCI5 (86% yield (17)) (9) (18), with 
pels (19) (15) (6), with PCI3 + ZnCla (86% yield (17)), with SOCI2 alone (yields: 98% (17), 
90-95% (13), 89% (11)) (62) (1) (2) (16) or in CCI4 (80% yield (3)), with COCI2 (3:5000) 
in pres, of tertiary bases (20), with p-toliienesulfonyl chloride in pyridine or dicthylaniline 
(21), see indie, refs.; from sodium salt of cinnamic acid (1:0735) with oxalyl (di)chloride 
(3:5060) in CeHe (75-90% yield) see (22).] 

[C in CCI4 with CI2 in dark gives (5) an oily prod, which with aq. hydrolyzes to a mixt. 
of cinnamic acid dichloride [Beil. IX-514, IXi-(200)], m.p. 167®, and allocinnamic acid 
dichloride [Beil. IX-514], m.p. 84°; C in CCI4 with CI2 in direct sunlight, however, yields (5) 
a,/?-dichloro-/3-phenylpropionyl chloride (the acid chloride of cinnamic acid dichloride), 
ndls. from pet. eth., m.p. 54-55° (5), 55° (23).] 

[C is not reduced by copper hydride (24) but on cat. hydrogenation as directed (25) (26) 
yields cinnamaldehyde (1:0245).] [C with KCN + quinoline gives (34% yield (57)) 
l-cinnamoyl-2-cyano-l,2-dihydroquiroline w'hich on acid hydrolysis yields 30% cinnam- 
aldehyde (1:0245).] 

[C with 5% H2O2 in acetone + pyridine yields (27) di-cinnamoyl peroxide, m.p. 144° 
(27).] 

[C with anhydrous neutral K oxalate (28), or with dil. aq. KOH + methylaniline or 
dimethylaniline (29) or with pyridine (30), or with excess K2S2O6 in pyridine (31), or with 
Na cinnamate (6), yields cinnamic anhydride [Beil. IX-586, IXi-(232)], ndls. from CeHe or 
ale., m.p. 136° (30).] — [C wnth aq. under certain conditions yields cinnamic anhydride 4- 
HCl (for use in micro detn. of aq. (2), or indirectly for micro detn. of O2 (after combustion), 
see (4) (32)).] 

^ [For reactn. of C with diethyl malonate (1 mole) + Na (2 moles) see (33); for reactn. of 
C with ethyl sodio-acetoacetate giving (60% yield (10)) (34) ethyl a-cinnamoylaeetoacetate, 
m.p. 44° (10) (Cu enolate, m.p. 164° (10)), with methyl sodio-acetoacetate giving (35) 
methyl a-cinnamoylacetoacetate, m.p. 49-50° (35), with ethyl sodio-benzoylacetate giving 
(10) ethyl cinnamoyl-benzoyl-acetate (Cu enolate, m.p. 202° (10)), or with sodio-benzoyl- 
acetone giving (36) benzoyl-cinnamoyl-methane, m.p. 111° u.c. (36), see indie, refs.] 
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[6 with CeBEe 4- AICI 3 in CS 2 gives (37) (38) (39) (41) (by combined ring closure and 
addition to the unsatd. linkage or vice versa) 3 -phenylhydrindone-l (3-phenylindanone-l) 
[Beil. VIl-483, VIIi-(265)], cryst. from MeOH, m.p. 78® (37), 77-78® (39) (oxime, m.p. 
141® (40), phenylhydrazone, m.p. 130® (40), p-nitrophenylhydrazone, m.p. 220-221® (39), 
semicarbazone, m.p. 223-225® (39)), accompanied by j9,/5-diphenyl-propiophenone (1,3,3- 
triphenylpropanone-1 ) [Beil. VII-524, VIIi-(293)] (38) and other prods.: note that under 
similar conds. (41) with toluene or o-xylene neither of the corresp. indanones is formed 
(see also below); however, C + m-xylene + AICI 3 in CS 2 yields (41) 5,7-<iimethyl-3- 
phenylindanone- 1 , m.p. 101 ° (semicarbazone, m.p. 195-197® (41)), and C -j- p-xylene + 
AICI 3 in CS 2 yields (41) 4,7-dimethyl-3-phenylindanone-l, m.p. 94-95® (oxime, m.p. 218- 
219®; phenylhydrazone, m.p. 193-194®; semicarbazone, m.p. 232® (41)).] 

[C with many arom. cpds. in pres, of AICI 3 condenses with loss of HCl to yield corresp. 
benzalacetophcnone (chalcone) derivs.: C with CgHs + AICI 3 , however, gives no (41) 
chalcone (see above); C with toluene -f AICI 3 yields (41) 4'-methyIchaIcone, m^p. 76® (41); 
C with o-xylene + AICI 3 in CS 2 gives (63% yield (41)) 3',4'-dimethylchalcone, m.p. 72-73® 
(41); C with m-xylene + AICI 3 in CS 2 ‘yields (41) 2',4'-dimethylchalcone, oil, b.p. 218-219® 
at 11 mm. (41); C with biphenyl + AICI 3 in CS 2 gives (78% yield (45)) (11) 4'-phenyl- 
chalcone, m.p. 155-156® (45), 165® (11).] 

[Similar chalcone formation occurs with many arom. ethers; e.g., C wdth anisole -f- AICI 3 
in CS 2 gives (42) 4'-methoxychalcone [Beil. VIII-193, VIIIi-(580)], m.p. 106-107® (42); 
C similarly with phenctole gives (42) 4'-ethoxychalcone [Beil. VlII-193], m.p. 74-75® (42); 
C similarly with methyl p-tolyl ether gives (43) not only 2'-mcthoxy-5'-methylchalcone, 
m.p. 55-56®, but also by demethylation 2 -hydroxy-5'-methylchalcone, m.p. Ill® (43); 
C similarly with methyl 3,4-dimethylphenyl ether fields (13) 4',5'-dimethyl-2'-methoxy- 
chalcone, m.p. 78® (13); C similarly with methyl jS-naphthyl ether yields (44) /3-methoxy- 
naphthochalcone, m.p. 138-140® (44); C similarly with diphenyl ether yields (37) 4'- 
phenoxychalcone, m.p. 85® (37): for extension of this reactn. to ethers of polyhydric phenols 
such as C + AICI 3 catechol dimethyl ether (ver.itrole) (1 : 7560) (44), resorcinol dimethyl 
ether (1:7570) (13), resorcinol diethyl ether (1:7585) (13) (43), hydroquinone diethyl ether 
(1:7185) (43), and pyrogallol trimethyl ether (1:7145) (44) see indie, refs.] 

[Simihir formation of substituted chalconcs occurs with C + AICI3 -f phenols; e.g., for 
cases of C with o-cresol (1:1400) (46), resorcinol (1:1530) (47), phloroglucinol (1:1620) 
(47) cf. (48) see indie, refs.] 

[C with diazomethane in ether gives (49) (50) (note both replacement of Cl and addn. 
to unsatd. linkage) 5- (diazoacetyl )-4-phcnylpyrazolinc, cryst. from CeHe + pet. eth.; 
m.p. 80-81® (49), 77-78° (50).] 

[C + NaNs in ether gives ( 12 % yield (51)) (52) cinnamoyl azide, cryst. from Igr., m.p. 
86 ® dec. (51) (52); this cpd. on htg. above m.p. or preferably in CeHe readily loses N 2 and 
rearr. giving (77% yield (53)) (51) (52) styryl isocyanate, b.p. 107® at 12 mm.; tliis isocyan- 
ate (or even its azide precursor) with aq. at 50® yields (51) Ar,A'-distyrylurea, m.p. 213-214® 
(51); for its reactn. with MeOH yielding (52) methyl iV'-styrylcarbamatc, m.p. 126®, with 
EtOH yielding (52) ethyl iV-styrylcarbamate, m.p. 87°, with ammonia gas in dry ether 
yielding (51) AT-styrylurea, m.p 143°, or with aniline jdelding (52) A-phenyl-A-styrylurea, 
m.p. 217®, see indie, refs.] 

[C with free NH 2 OH in CeHe gives (100% yield (16)) cinnamoylhydroxamic acid, cryst. 
from hot EtOAc by addn. of Igr., m.p. 119.5® (16), 111.5® (54).] 

[C htd. with urea at 70® gives (44% yield (55)) (56) iV-cinnamoylurea, m.p. 208-209® 
(55), 197® (56).] 

[For reactn. of C with CeHeMgBr see (58); for reactn. of C with cellulose see (59); for 
reactn. with o-aminothiophenol yielding 1 -styrylbenzothiazole see (60); for reactn. of C 
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with m-aminobenzoic acid and ring closure of intermediate m-(cinnamoylamino)b6nzoic 
acid to l-(Ar),9-pyridanthrone-2', m.p. 408°, see (61).] 

[C with MeOH yields methyl cinnamate (1:2090), m.p. 36°; C with EtOH yields ethyl 
cinnamate (1:4206), b.p. 271°; C with phenol (1:1420) gives (63-75% yield (62)) phenyl 
cinnamate, cryst. from 95% ale., m.p. 75-76° (62).] 

C on hydrolysis yields cinnamic acid (1:0735), m.p. 133°; for the amide, anilide, p- 
toluidide, and other derivs. corresp. to C see cinnamic acid (1:0735). [For reaction of 
C with piperidine giving 93% yield cinnamopiperidide, m.p. 122°, or with morpholine giving 
99% yield cinnamomorpholide, m.p. 94°, see (63).] 

3:0330 (l) Meyor, Monatsh. 22, 428 (1901). (2) van Nieuwenberg, Mikrochim. Acta 1, 71-74 

(1937). (3) Bergs, Wittfeld, Frank, Ber. 67, 1621 (1934). (4) LaCourt, Compt. rend. 2(^, 280- 

282 (1937). (5) Michael, Smith, Am. Chem. J. 39, 26 (1908). (6) Liebermann, Ber. 21, 3372- 

3373 (1888). (7) Koehl, Wenzke, J. Am. Chem. Soc. 59, 1418 (1937). (8) Kohlrausch, Pongratz, 

Monatah. 64, 383 (1934). (9) Claisen, Autweiler, Ber. 13, 2124 (1880). (10) Borsche, Peter, 

Ann. 463. 153-156 (1927). 

(11) Bergmann, Wolff, J. Am. Chem. Soc. 54, 1646-J647 (1932). (12) Ben ary, Reiter, Soen- 

derop, Ber. 50, 75, Note 3 (1917). (13) von Auwer.s, Risse, Ber. 64, 2220-2222 (1931). (14) 

Rupe, Ann. 369, 318 (1909). (15) von Auwers, Schmidt, Ber. 46, 483 (1913). (16) Jones, 

Mason, J. Am. Chem. Soc. 49, 2534 2535 U927). (17) Clark, Bell, Trans. Roy. Soc. Can. (3) 

27, III 97-103 (1933) . (18) Rostoski, Ann. 178, 214 (1875) . (19) Griffin. Nelson, J. Am. Chem. 

Soc. 37, 1563 (1915). (20) Soc. Chem. Ind. Basel, Brit. 401,643, Dec. 14, 1933; Cenl. 1934, II 
2133; French 732,078. Sept. 13, 1932; Cent. 1934. 1 287. 

(21) Ullmann, Nadai, Ber. 41, 1871 (1908). (22) Adams, Uhlich, /. Am. Chem. Soc. 42, 606 

(1920). (23) Clarke, J. Chem. Soc. 97, 892-893 (1910). (24) NeunhoelTer, Nordel, J. prakt. 

Chem. (2) 144, 63-66 (1935). (25) Rosenmund, Zetsche, Ber. 56, 1483 1484 (1923). (26) 

Zetsche, Swiss 92,404, Jan. 2, 1922; CerU. 1922, IV 889. (27) Gelissen, Ger. 480.362, Aug. 7. 

1929; Dutch 14,663, June 15, 1926; Cent. 1929, II 2831. (28) Gerhardt, Ann. 87, 76 (1853). 

(29) Edeleanu, Zaharia, Bnl. Chim. Soc. Rumdnd Sliinte 3, 83 (1900). (3()) Wedekind, Ber. 34, 

2074-2075 (1901). 

(31) Gazopoulos, Praktika 6, 347-353 (1931); Cent. 1932,1 3172; C. A. 27, 3204 (1933). (32) 
LaCourt, Bull. soc. chim. Bely. 46, 428-433 (1937). (33) Lampo, Milolx)dzka, Bi^. 46, 2237-2238 

(1913). (34) Fischer, Kuzel, Ber. 16, 166-167 (1883). (35) Lampe, Blonderowna, Bluman, 

Roezniki Ch^. 17, 216-225 (1937); Cent. 1937, II 2988. (36) Hiemesch, Ber. 47, 116 (1914). 

(37) Kohler, Heritage, Burnley, Am. Chem. J. 44, 64-66 (1910). (38) McKenzie, Barrow, J. 

Chem. Soc. 119, 72-73 (1921), (39) von Auwers, Auffenberg, Ber. 52, 110-111 (1919). (40) 

Liebermann, Hartmann, Ber. 25, 2128-2129 (1892). 

(41) von Auwers, Risse, Ann. 502, 290-299 (1933). (42) Stockhausen, Gattermann, Ber. 25, 

3635-3537 (1892). (43) Simonis, Lear, Ber. 59, 2911-2912 (1926). (44) Monti. Gazz. chim. ital. 

60, 46-48 (1930). (45) Bachmann, Wiselogle, J. Am. Chem. Soc. 56, 1559 (1934). (46) Neurath, 

Monatah. 27, 1148-1149 (1906). (47) Shinoda, Sato, J. Pharm. Soc. Japan 48, 109-114 (1928); 

CerU. 1928, II 1885. (48) K. W. Rosenmund, M. Rosenmund, Ber. 61, 2611 (1928). (49) 

Grundmann, Ann. 524, 35, 48 (1936). (50) Bradley, Schwarzenbach, J. Chem. Soc. 1928, 2909. 

(61) Jones, Mason, J. Am. Chem. Soc. 49, 2531-2532 (1927). (52) Forster, J. Chem. Soc. 95, 

437-438 (1909). (53) Nelles, Ber. 65, 1347 (1932). (64) Thiele, Pickard, Ann. 309, 194 (1899). 

(65) Jerzmenowska-Sienkiowiczowa, Roezniki Chem. 15, 510-515 (1935); Cent. 1936, I 2554; 
C.A. 30, 2933 (1936). (56) Clark, Moore, MacArthur, Trans. Roy. Soc. Can. (3) 28, III 
99 (1934) ; Cent. 1935, II 45; C.A. 29, 1078 (1935). (57) Sugasawa, Tsuda, J. Pharm. Soc. Japan 

56, 103-105 (1936); Cent. 1936, II 3670; C.A. 32, 5836 (1938). (58) Kohler, Heritage, Am. 

Chem. J. 33, 30-31 (1905). (59) von Frank, Mendrzyk, Ber. 63, 875-887 (1930). (60) Mills, 

Whitworth, J. Chem. Soc. 1927, 2748. 

(61) Seka, Ber. 58, 1778-1781 (1925). (62) Womack, MeWhirter, Org. Syntheses 20, 77-78 

(1940). (63) Cromwell, Caughlan, J. Am. Chem, Soc. 67, 904 (1945). 
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3:0340 ^-CHLOROPHENYL ETHYL KETONE CgHoOCl Beil. VH -301 
(4-Chloropropiophenone) ci ^ ^ CO.CH 2 .CH 8 


M.P. 36.8° cor. (1) B.P. 152° at SO mm. (1) 

134-137° at 31 mm. (3) 

36-36° <2) 116° at 3 mm. (4) 

Insol. aq.; sol. ale., ether, CS2, and most org. solv. — Cryst. from abs. ale. at —15° <1). 
[For prepn. from propionyl chloride (3:7170) (2) (81% yield (4)) or propionic anhydride 
(1:1100) (1) -h chlorobenzene + AICI3 see (1) (2) (4); for prepn. from p-chloro-a-meth- 
oxystyrene (68% yield (3)) by htg. in s.t. 2 hrs. at 3(X)° see {3).J 
C on treatment with w-butyl nitrite -f dry HCl gas in ether (1^ (4) gives (83% yieldJ4)) 
4-chloro-isonitrosopropiophenone, ndls. from dil. ale., m.p. 122-123° (4); 114° (1). [C + 
NaOEt in abs. ale. -f n-butyl nitrite yields (1) only p-chlorobenzoic aeid (3:4940), m.p. 
243° (l).l 

(g) >-Chloropropiophenone oxime: from C + hot ale. NH2OH soln. (2); Ifts., m.p. 62- 
62.5° (2). 

® ^-Chloropropiophenone semicarbazone: ndls., m.p. 175-176° <3). 

3:0340 ( 1 ) Edkins, Linnell, Quart. J. Pharm. Pharmacol. 9, 203-229 (1936); Cent. 1937, I 4781; 
C.A. 30, 6724 (1936). (2) Collet, Compt. rend. 126. 1577 (1898). (3) Lauer, Spielman, J. Am, 

Chem. Soc. 55, 4928 (1933). (4) Hartung, Munch, Crossley, J. Am. Chem. Hoc. 57, 1091 (1935). 

3: 0350 3,6-DICHLOROBENZYL CHLORIDE CyHsCls Beil. S.N. 466 

Cl 

^>~CH2C1 

ci 

M.P. 36° (1) 

Cryst. from MeOH (1); note that C has same m.p. as 3,5-dichlorobenzal dichloride 
(3:0370), but the m.p. of a mixture of the two is depressed (1). 

[For prepn. of C from 3,5-dichlorobenzyl ale. with PCls (91% yield) see (1).] 

3:0350 (1) Asingcr, Lock, Monatsh. 62, 347 (1933). 
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3,6-DICHLOROBIPHENYL 



Beil.V — 
Vi- 
Va-(484) 


M.P. 36° (1) B.P. 180° at 16 mm. <2) 
166° at 10 mm. (1) 


[For prepn. from 5-phenyl-4,5-dihydroresorcinol [Beil. VII-706] by conversion with 
PCU in CHCI3 to 3,6-^chloro-l-phenylcyclohexadiene-2,4, colorlciss oil, b.p. 156° at 10 
mm. <1), which in CHCI3 on treatment with CI2 first adds 2CI2, then splits off 2HCI to 
yield C, see (1); for prepn. from 3,5-dichloro-2-aminobi phenyl via replacement of — NH2 
by — H via diazo reactn. see <2) ] 

C (5 g.) in AcOH (12 ml.) on nitratioi^with mixt. (50 ml.) of equal vols. fumg. HNO3 + 
AcOH yields (1) mainly 3,5-dichloro-4'-nitrobiphenyl, pale yel. ndls. from ale., m.p. 146° 
(1), accompanied by a smaller amt. of 3,5-dichloro-2'-nitrobiphenyl, ndls., m.p. 75° (1). 

C on oxidn. with CrOs -b AcOH yields (1) (2) 3,5-dichlorobenzoic acid (3:4840), m.p. 
183° (1), 188° (2). 
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3:0300 (1) Hinkel, Hey, J. Chem. Soc. 1938, 2786-2791, (2) Scarborough, Waters, J. Cherri. Soc. 

1937, 93. 

3: 0370 3,5.DICHLOROBENZAL (DI)CHLORIDE C 7 H 4 CI 4 BeU. S.N. 466 

Cl 

<( y-CHCl, 

ci 

M.P. 36.5° (1) 

Colorless cryst. from MeOH or from dil. AcOH; eas. sol. usual org. solv. [Note that C 
has same m.p. as the closely related 3,5-dichlorobenzyl chloride (3:0350) but that a mixture 
of the two becomes liquid.] 

[For prepn. of C from*3,5-diclilorobenzaldehydc (3: 1475 J with PCI 5 (80% yield) see 

(1) J 

C on hydrolysis with fumg. H 2 SO 4 as directed gives (71-80% yield ( 1 )) 3,5-dichloroben- 
zaldehyde (3:1475) (for study of rate of hydrol. in 50% ale. at 83.5° see (2)). 

3:0370 { 1 } Asinger, luocli, Monatsh. 63, 347 (1933). (2) Asinger, Lock, Monatsh. 63, 337-338 

(1933). 

3:0372 2,4,6-TlUMETHYLBENZYL CHLORIDE C 10 H 13 CI' BeU. S.N. 469 

(a^-Chloroisodurene) CH 3 

CH3<(2^~]^CII2C1 

CH 3 

M.P. 37° (1) (2) (3) (4) B.P. 130-131° at 22 mm. ( 1 ) 

121-123° at 19 mm. <2) 

119° at 16 mm. (4) 

114-116° at 10 mm. <3) 

[See also the isomeric 2f4f5‘trimethylbGnzyl chloride (3:9702).] 

Colorless cryst. from ale. <4). — C blisters skin (3). — [Equiv. conductance of C in 
liq. SO 2 is 10 times that of benzyl chloride (3:8535) <3) cf. (5).] 

PREPARATION OF C 

[For prepn. of C from 1,3,5-trimethylbenzene (mcsitylene) (1:7455) with formalin 
(1:0145) + cone. HCl + HCl gas at 55° for hrs. (yields: 55-61% ( 1 ), 29% ( 3 )) (some 
a^,a*-dichloropentamethylbenzene = 5w-l,3-(chloromethyl)2,4,6-trimethylbenzene, cryst. 
from pet. eth., m.p. 105° (1) (3), is also formed) see indie, refs.] 

[For prepn. of C from mesitylene (1:7455) with chloromethyl methyl ether (3:7085) 
4- SnCU (yields: 60% (4) cf. ( 6 )), or in AcOH without other cat. (yields: 80-85% (7), 80% 

(2) ), or with chloromethyl ethyl ether (3:7195) + SnCU in CCI 4 soln. at —5° (70% yield 
( 8 )), see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

Reduction. [C with H, + Ft cat. in ale. soln. jpves (80% yield (2) cf. ( 7 )) 1,2, 3 , 6 - 
tetramethylbenzene (isodurene) [Beil. V-430, V2-(329)] <9), liquid, b.p. 195-197° at 760 
mm., f.p. -24°, pf = 0.8906.] 

Hydrolysis. C on hydrolysis (no details ( 2 )) gives 2,4,6-trimethylbenzyl ale. (mesityl- 
carbinol), ndls. from ale., m.p. 89° (2), 88-89° (10) (3) (11); 87° (12) (corresp. JNT-phenyl- 
carbamatC; m.p. 124-125° (11)). 
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Conversion to ethers. [C with McOH/KOH at 100® for 3 hrs. gives (79% yield (3)) 
methyl 2,4,6-trimethylbenzyl ether, oil, b.p. 109-110® at 15 mm. (3); C with EtOH/KOH 
similarly gives (77% yield (3)) ethyl 2,4,6-trimethylbenzyl ether, oil, b.p. 114-115® at 
14 mm. (3).] 

Conversion to esters. [C with AgOAc in AcOH at 100® for 3 hrs. gives (70%3deld (3)) 
2,4,6-trimethylbenzyl acetate, oil, b.p. 136-137® at 15 mm. (3); this ester on hydrolysis 
with 15% aq. KOH at 100® for 3 hrs. gives (91% yield (3)) 2,4,6-trimethylbenzyl ale., 
m.p. 88-89®. (See also above.)] 

Conversion to nitrile. C in ale. with aq. NaCN (1) (13) or KCN (4) (8), or C with 
CuCN in pyridine (14) cf. (1), gives (3rields: almost 100% (13), 89-93% (1)) mesitylace- 
tonitrile, cryst. from pet. eth., m.p. 79-80® (1), 79° (4); b.p. 160-165° at 22 mm. (13), 
150-155® at 15 mm. (4), 190° at 11 mm. (8); this nitrile on hydrolysis with abt. 50% H2SO4 
under reflux for 6 hrs. gives (87% yield (1)) mesitylacetic acid [Beil. IX-563, lXi-(219)l, 
cryst. from dil. ale. or Igr., m.p. 167-168® (1) (note that partial hydrolysis may give mesityl- 
acetamide, m.p. 216® (8)). 

Behavior of C with Organometallic Compounds 

With MeMgl. [C with MeMgl in dry ether undergoes mainly a coupling reaction 
giving (86% yield (15)) 1,2-dimesitylethane, m.p. 117.0-117.5®, accompanied by a little 
ethylmesitylene (l-ethyl-2,4,6-trimethylbenzene), b.p. 212-214® (15), 210® at 725 mm. 
(16), Dio = 0.894 (16), nf? - 1.5074 (16) (corr(3sp. dinitro dcriv., m.p. Ill® (17), 109- 
111® (17) (15)).] 

With misc. reactants. [C with diethyl sodiomalonate gives (4) diethyl a-(2,4,6-tri- 
methylbcnzyl)malonate, m.p. 36®, b.p. 195-197° at 15 mm. (4). — C with ethyl sodio- 
bcnzoylacetate gives (21% yield (18)) ethyl a-(2,4,6-trimcthylbenzyl)benzoylacetate 
which upon alk. hydrolysis gives (45% yield (18)) the ketone l-benzoyl-2-mesitylethane, 
ndls. from MeOH, m.p. 85.0-85.5® (18).] 

Other Reactions of C 

[C (1 mole) with hexamethylenediamine (1 mole) in CHCI3 refluxed 3 hrs. gives (96% 
yield (19)) corresp. quaternary salt, C.C6H12N4; this prod, in aq. refluxed 4 hrs. does not 
give the expected mesitaldchydc but instead (75% yield (19)) di-(2,4,6-trimethylbenzyl- 
amino) methane, cryst. from ale., m.p. 151.5-152® (19).] 

® N-(2,4,6-Trimethylbenzyl)phthalimide: ndls. from ale., m.p. 209.5-210® (19). [From 
C with K phthalimide at 170-180® for 4 hrs. as directed (19) (63% yield (19)).] 

3:0372 (1) Fuson, Rabjohn, Org, Syntheses 25, 65-68 (1945). (2) Vavon, Bolle, Calin, Bull. aoc. 

chim. (5) 6, 1025-1033 (1939). (3) Nauta, Dienske, H(.c. trav. chim. 55, 1000-1006 (1936). 

(4) Hoch, Compt. rend. 192, 1465-1466 (1931). (5) Nauta, Wuis, Rec. trav. chim. 56, 540 (1937). 
(6) Sommelet, Compt. rend. 157, 1443 (1913). (7) Vavon, Bolle, Compt. rend. 204, 1826-1828 

(1937). (8) Sordes, Compt. rciid. 195, 248-249 (1932). (9) Smith, Org. Syntheses, Coll. Vol. 

2 (1st ed.), 360-362 (1943); 11, 66-69 (1931). (10) Fuson, Southwick, Rowland, J. Am. Chem. 

Soc. 66, 1112 (1944). 

( 11 ) Carre, Bull. soc. chim. (4) 7, 842-843 (1910). (12) Bock, Lock, Schmidt, Monatsh, 64, 

412 (1934). (13) Fuson, Corse, McKeever, J. Am. Chem. Soc. 62, 3250 (1940). (14) Newman, 

J. Am. Chem. Soc. 59, 2472 (1937). (15) Fuson, Denton, Kneisley, J. Am. Chem. Soc. 63, 2652- 
2653 (1941). (16) Smith, Kiess, J. Am. Chem. Soc. 61, 285-286 (1939). (17) Smith, Kiess, 

J. Am. Chem. Soc. 61, 995-996 (1939). (18) Fuson, Ullyott, Hickson, J. Am. Chem. Soc. 61 
410-411 (1939). (19) Fuson. Denton, J. Am. Chem. Soc. 63, 654-656 (1941). 
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3:0375 14-CHLOROTETRADECANOL-l C14H29OCI Beil. S.N. 34 

(<«>-Chloro-n-tctradecyl CH2. (CH2)i2.CH20H 

alcohol; w-chloromyristyl alcohol) 

M.P. 37-38^* <1) B.P. 156-160® at 4 mm. <1) 

Colorless cryst. 

[For prcpn. of C from a,co-tetradecamethylene glycol [Beil. l2-(564)] (m.p. 85®) with 
S()Cl2 + dimethylanilinc in CeHe (43% yield) or by htg. with cone. HCl (32% 3deld) see 
(1); note that by the first method a little 1,14-dichlorotetradecane, cryst. from MeOH, 
m.p. 40®, is also formed.] 

® 14-Chlorotetradecyl iV-phenylcarbamate; Ifts. from It. pet., m.p. 68® (1). 

3:0395 ( 1 ) Bennett, Gudgeon, J. Chem. Soc. 1938, 1G79-1G81. 


3:0380 2,4,6-TRICHLOEOTOLUENE 


CII3 

Clj^Cl 


C7HBCI3 


Bea. V - 399 
Vi- 
V2-(333) 


M.P. 38® (1) 

34® <7) 

33-34® <2) (3) 

31.9-33® <4> 


Cl 


Colorless ndls. from ale. <2); cas. volatile with steam (2). 

[For prcpn. of C from 2,4,6-tricliloro-3-aminotoluene [Beil. XII-873] via diazotization 
and reaction with ale. see (2) (1) (4) (7); from 6-chloro-2,4-diaminotoluene via tetrazotiza- 
tion and use of CU2CI2 reaction see (3).] . 

[C with CI2 in pres, of Al/Hg yields <5) 2,3,4,6-tetrachlorotoluene (3:2480), m.p. 89° 
(5), but C with CI2 at 200® gives (82% yield <7)) 2,4,6-trichlorobenzal dichloride (3:0142).] 
C on mononitration with cold fumg. HNO3 yields (2) (1) (6) 2,4,6-trichloro-3-nitrotoluene 
[Bed. V-333j, ndls. from AcOH + EtOH (2) or dil. AcOH (6), m.p. 54® (2) {6>, 50® (1); 
C on dinitration (2) yields 2,4,6-trichloro-3,5-dinitrotoluene, cryst. from AcOH, m.p. 
17^180® (2). 

C on oxidn. with dil. HNO3 readily yields (2) 2,4,6-trichlorobenzoic acid (3:4545), 
m.p. 160-161® (2). 

3:0380 ( 1 ) BureS, TrpiSovska, ^asopis Geskoslov. LiMrnictva 16, 179-186 (1935); Cent. 1936, 
I 1209; C.A. 30, 1753 (1036). <2) Cohen, Dakin, J. Chem. Soc. 81, 1335-1336 (1902). <3) 

Morgan, Drew, J. Chem. Soc. 117, 786 (1920). (4) Maryott, Hobba, Gross, J. Am. Chem. Soc. 

63, 2321 (1940). (5) Cohen, Dakin, J. Chem. Soc. 85, 1284-1285 (1904). (6) BureS, TrpiSovska, 

iifaaopia i^eskoslov. Lekdrnictva 19, 185-195 (1937); Cent. 1938, I 872; C.A. 33, 923 (1938). (7) 
Lock, Ber. 66, 1532 (1933). 


3:0395 d,f-a,a'-DICHT.OROSUCCINYL CO— Cl C4H2O2CI4 

(DDCHLOMDE H-t-Cl 

Cl— dv-H 

io— a 

M.P. 39° (1) B.P. 78.5° at 7 mm. (1> 


BeU. n — 

n,— 

n2-(558) 


[For prepn. of C from d,Z-a,a'-dichlorosuccinic acid (3:4711) with PCI5 (2 moles) (yield 
100%) see <1).] 
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C on hydrolysis yields <1) d,i-ar, a'-dichlorosuccinic acid (3:4711). 

[C with CeHe + AlCls gives (66% yield <!)) solely d,H,2-dichloro-l,2-dibenzoylethane 
(d,i-2,3-dichloro-l,4-diphenylbutandione-l,4), m.p. 86® (2) (3).] 

8:0395 (1) Lutz, J. Am. Chem. Soc. 49, 1110 (1027). (2) Conant, Lutz, J. Am. Chem. Soc. 47, 

886 (1926). (3) Lutz, J. Am. Chem. Soc. 48, 2908, 2911 (1926). 

3:0400 2,6-DICHLORO-4-METHyLPHENOL OH C7HeOCl2 Beil. VI -403 
(2,6-Dichloro-p-cresol) C3l/^^V^1 VIi-(304) 

I J Vl2-(383) 

CHs 

M.P. 39® (1) (3) (7) (11) B.P. 138-139® at 28 mm. (8) 

38-39® (4) (9) 130-136® at 27 mm. (5) 

38® (8) 125® at 16 mm. (6) 

Ndls. from hot cone. Igr.; spar. sol. aq.; cas. sol. ale., ether, AeOH. — C forms a mono- 

hydrate, C.H2O, m.p. 42® (4) (1). — [For crystallographic data see (2).] 

[For prepn. of C from p-cresol (1 : 1410) with CI2 (1) in CCI4 (7) (6) or in aq. NaOH (8), 
or with SO2CI2 (2 moles) (9), see indie, refs.; from 4-methylphenoldisulfonic acid-2,6 
[Beil. Xl-261, XIi-(62)J with CI2 in aq. soln. sec (3); from 1,2,3,3,5,5,6-heptachloro-l- 
methylcyclohexanone-4 [Beil. VII-19] by reduction with SnCl2 (poor yield (7)) or from 
3,5-dichloro-l-mcthyl-l-dichloromethylcyelohexadien-2,5-one-4 [Beil. VIIi-(99)] by re- 
duction with Zii 4- AcOH (4) sec indie, refs.; from ethyl 2,6-dichloro-4'methylphenyl 
ether by cleavage with cone. HCl sec (5) iilthough identity of prod, is doubtful.] 

[C with dry NH3 gas forms at room temp, a mol. cpd. C.NH3; at —15® a mol. cpd. 
C.2NH3 (10); C with ale. NH3 htd. in s.t. short time at 100° gives (1) an NH4 salt, C7H6CI2- 
ONH4, colorless ndls , m.p. 125®, which sublime unchanged and from whose aq. soln. 
acidification reppts. C (1) (dif, from 4,6-dichloro-2-mcthylphcnol (3:1020) q.v.)] — [C 
also yields a yellow silver salt (11) (12) wdiich in light rapidly turns green and decomposes 
(11)(12).] 

[C in AcOH with cone. IINO3 in cold ^ves (yield: 92% (6), 82% (7)) 2,6-dichloro-4- 
methyl-quinitrol, aim. colorless ndls., m.p. 74-76® (6) (7), 80-82® if taken in warm bath 
(6) (for study of reactions of this prod, with MeOH and with EtOH see (13)).] 

[C with warm dil. HNO3 (D = 1.1) readily oxidizes yielding (1) as the only solid product 
oxalic acid (1 ;0445); C on oxidn. with CrOs in AcOH yields (1) an acid, C7H4O8CI2, m.p. 
166° U.C., which, however, is not the expected 3,6-dichloro-4-hydroxybenzoic acid, m.p. 
256^256®.] 

[C on monosulfonation with fumg. H2SO4 (65% SO3) at 50® 5delds (14) 2,6-dichloro-4- 
methylphenolsulfonic acid-3.] 

[C in MeOH/KOH with Mel refluxed 6 hrs. gives (15) 2,6-dichloro-4-methylphenyl 
methyl ether, b.p. 234® (15), which on oxidn. with dil. HNO3 (D = 1 15) by refluxing for 
50 hrs. yields (15) 2,6-dichloro-4-methoxybenzoic acid, m.p. 200-201® (16); the ethyl 
ether of C is an oil, b.p. 147-154® at 16 mm., and has been reported by indirect means (5).] 

2,6-Dichloro-4-methylphenyl acetate: Ifts. from dil. AcOH, m.p. 48° (7). 
2,6-Dichloro-4-methylphenyl benzoate: tbls. from dil. ale., m.p. 91® (7) (4). [From 
C on htg. with benzoic anhydride (1 :0595) (7).] 

3:9490 (l) Claus, Riemann, Ber. 16, 1599-1601 (1883). (2) Groth, Miers, Bcr. 17, 2532 (1884). 

(3) Datta, Mitter, J. Am. Chem. Soc. 41, 2034 (1919). (4) von Auwers, Ber. 44, 800 (1911). 

(6) Autenrieth, Mlihlinghaus, Ber. 39, 4104 (1906). (6) Jones, Kenner, J. Chem. Soc. 1931, 

1866-1867. (7) Zincke, Ann. 328, 278, 289-291 (1903). (8) Chulkov, Parini, Barshev, Org. 
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Chtm. Ind, {^U.S.S.R.) 3, 410-412 (1937) ; Cent. 1938, II 306; C.A. 31, 7047 (1937). (9) Mawara, 

Lamberti-Zanardi, Gazz. chim. Ual. 36, II 400-401 (1896). {10) Korezynski, Cent. 1969, II 806. 

(11) Hantzsch, Scholtze, Ber. 40. 4877, 4879 (1907). (12) Hunter, Rathmann, J. Gen. Chem. 

(U.S.S.B.) 7, 2230-2234 (1937); Cent. 1938, 1 3332; C. A. 33, 618 (1938). (13) Jones, Kenner, 

Chem. Soc. 1931, 1943-1950. (14) Weiler, Better (to I.G.), Ger. 557,450, Aug. 24, 1931; Cent. 

1932, II 2371. (15) Hertozzi, Gazz. chim. ital. 39, II 37-38 (1899). 


3 : 0410 2,6-DICHLOROBENZYL CHLORIDE CyHsCla 

Cl 

<( y^CHaCl 

Cl 


M.P. 39-40® (1) 


BeU. S.N. 466 


Colorless cryst. from Igr., ether, or ale. -f ether. 

[For prepn. of C from 2,6-dichlorotoluene (3:6270) by treatment at b.p. with CI 2 in 
u.v. light see (1).] 

C with Mg in dry ether gives 90% yield 2,6-dichlorobenzyl MgCl; this prod, upon 
treatment with CO 2 (1) or with methyl chloroformate (3:5075) followed by appropriate 
treatment yields 2,6-dichlorophenylacetic acid, cryst. from ale., m.p. 157-158° (1). 

3:0410 ( 1 ) Austin, Johnson, J. Am. Chem. Soc. 54, 658-659 (1932). 


3 : 0433 OCTACHLOROCYCLOPENTENE 


CI 2 C- 


Cl2< 


\ 


CsClg 


I i, 


-CCI 2 


Cl 


c 

Cl 


M.P. 


B.P. 


41° 

(1) (8) 

383-384° 

at 733 mm. (5) 

40-41 

"(7) 

383° 

(1) 

40° 

(2) 

183° 

at 20 mm. (2) 

39° 

(3) 

140° 

at 10 mm. (4) 

38° 

(4) 



33° 

(10) 




1.817 (4) 


Beil. V- 63 
Vi— 

v*— 


* 1.5660 (4) 


[iSec also hexachlorohutadiene-ltd (3:6425).] 

Colorless cryst. from 95% ale. (4) or EtOH contg. 5% tetrachloroethylene (3:5460) <3). 
[For prepn. of C from pentachlorocyclopentenone [Beil. VIl-49] (7), from either the 
higher- or lower-melting stereoisomer of hexachlorocyclopentenone [Beil. VII-49] (1), 
from dibromo-dichloro-cyclopentanetrione [Beil. VII-8631 (8), or from xanthogallol (tetra- 
bromocyclopentenedione [Beil. Vlli-(321)] (2), all with PClg in s.t., at elevated temps, as 
directed, see indie, refs.] 

[For formn. from nonachloropentene-1 (itself obtd. from hexachloropropene (3:6370) 
with trichloroethylene (3:5170) 4 - AICI3 < 9 )) by elimination of 1 HCl with ale. KOH 
yielding octachloropentadiene-1,3 followed by rearr. to C by boilg. with AICI3 see (3).] 
[For formn. of C (together with CCI4 (3:5100) and hexachloroethane (3:4835) by high- 
press. /high-temp. chlorination of chloropentanes see (4); by exhaustive chlorination of 
hexyl iodide, heptaldehyde, heptylic acid, etc. (5), of high-mol .-wt. hydrocarbons (6), or 
of i<;hloro-5,6^hydroxy-2-(dichloromethyl)pyridine [Beil. XII-164] (10), see indie, refs.] 
Note that C, formerly regarded as hexachloTobutadiene-1,3 (3:6425), is currently (3) 
believed to have the structure octachlorocyclopentene; for Raman spectra evidence see (11). 
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8:0422 (1) Zincke, Ktister, Ber. 23, 2214-2215 (1890). (2) Hantzsch, Strasser, Ann. 488, 209 

(1931). <3) Fruhwirth, Ber. 74, 1700-1701 (1941). (4) McBee, Haas, Pierson, Ind. Eng. Chem. 

33, 181-185 (1941). (5) Krafft, Ber. 10, 803-806 (1877). (6) Hartmann, Ber. 24, 1011-1026 

(1891). (7) Zincke, Meyer, Ann. 367, 9 (1909). (8) Henle, Ann. 352, 52-J53 (1907). (9) 

Prins, Rec. irav. chim. 57, 661-662 (1938) ; 51, 1068-1070 (1932). (10) Hoflfmann, Ber. 22, 1269- 

1270 (1889). 

(11) Kohlrausch, Wittek, Ber. 75, 227-232 (1942). 

C/HsCla Beil. V - 298 
Vi— 
V2-(232) 


M.P. 41° (1) (2) (3) B.P. 231-232° at 716 mm. ( 1 ) 

40-41° (4) 

Ndls. from MeOH or EtOH ; volatile with steam. 

(For prepn. of C from 2,3-dichloro-4-aminotoluene (Beil. XII-9901 via diazotization and 
use of CU 2 CI 2 reaction see (4); from toluene with AICI 3 + SO 2 CI 2 (34% C + 40% 2,4,5- 
trichlorotoluene (3:2100)) see (2); for formn. of C (together with other isomers) from 
toluene, o-chlorotolucne (3:8245), or p-chlorotolueno (3:8287) with CI 2 see ( 1 ); from 2 , 3 - 
dichlorotoluene (3:6345) or 2,4-di(;hlorotolucne (3:6290) with CI 2 in pres, of Al/Hg see 
(5); for prepn. of C from its sulfonic acid by hydrolysis see ( 1 ) (7).] 

[C with CI 2 in pres, of Al/Hg yields ( 6 ) 2,3,4,6-tetrachlorotoluene (3:2480).] 

C on mononitration ( 1 ) (4) by soln. in cold fumg. HNO 3 yields a mononitro C [Beil. 
V-333], ndls. from ale., m.p. 60-61° (4), 60° ( 1 ); C on dinitration by warming with a mixt. 
of 2 pts. fumg. HNO 3 and 1 pt. cone, H 2 SO 4 ( 1 ) (4) cf. (7) yields 2,3,4-trichloro-6,6-dinitro- 
toluene [Beil. V-345], ndls. from ale., m.p. 141° ( 1 ) ( 2 ), 140-141° (4). 

C on shaking with 2 pts. fumg, H 2 SO 4 at 60° yields (1) (7) a monosulfonic acid (use in 
sepn. of C from 2,4,5-trichlorotolucne (3:2100) which is not sulfonated under these condi- 
tions (1) (7)). 

C on oxidn. with dil. HNO 3 in s.t. at 150° (4) yields 2,3,4-trichlorobenzoic acid (3:4810), 
m.p. 186-187° (4). 

3:0425 (1) Seolig, Ann. 237, 132, 137, 138, 140, 156 (1887). (2) SilWrad, J. Chem. Soc. 127, 

2681-2682 (1925). (3) I.G., Brit. 287,178, May 9, 1928; Cent. 1929, II 352. (4) Cohen, Dakin, 

J. Chem. Soc. 81, 1327-1328 (1902). (5) Ref. 4, pp. 1339-1341. (6) Cohen, Dakin, J. Chem. 

Soc. 85, 1283 (1904). (7) Prentzell, Ann. 296, 181-182 (1897). 
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CHLOROPIVALIC ACID 

08-Chloro-of,ci£- 
dimethylpropionic acid) 


CH3 


CII2— 


ilia 


COOH 


C6H9O2CI 


Beil. S.N. 162 


M.P. 40-42° (1) B.P. 126-129° at 30 mm. (1) 

(For prepn. of C from pivalic acid (trimethylacetic acid) (1:0410) with SO 2 CI 2 + diben- 
zoyl peroxide in CCI 4 see ( 1 ).] 

(g> Chloropivalamide : pi. from aq., m.p. 108-109° (1). 

3:0440 ( 1 ) Kharasch, Brown, J. Am. Chem. Soc. 62, 925-929 (1940). (2) Kharasch. Browti 

(to du Pont Co.), U.S. 2,302,228, Nov. 17, 1942; C.A. 37, 2018 (1943). 
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3:0405 2,6-DICHI.ORO-2,6-DIMETHYLHEPTANE C«Hi8Cl2 

Cl Cl 

CHr-<!l— CHa.CH2.CH*— i— CHj 

ina dlHa 

M.P. 41-42° (1) 

[For prepn. of C from 2,6-dimethylheptanediol-2,6 [Beil. 1-494] {2) with cone. HCl or 
AcCl see (1) (2); from the corresponding internal ether, viz., a,a,a',a'-tetramethylpenta- 
methylene oxide (2,2,6,6-tetramethyltetrahydropyran) [Beil. XVII-17], with HCl see (1).] 
C on warming with aq. readily hydrolyzes (1) back to 2,6-dimethylheptanediol-2,6 
(monohydrate, cryst. from CgHe, m.p. 60-61°; anhydrous form by heating monohydrate 
at 135-140°, m.p. 76-77° (1). 

[C in CeHe + AcOH treated with Zn dust in a stream of dry HCl yields (2) mixt. of 
a- and /?-cyclogeraniols [Bcil. Vl-66, VIi-(43)].] 

3:0455 (1) Bruylants, Bull. acad. roy. Belg. 1909 , 276-282; Cent. 1909 , II 797; C.A. 4 , 1485 (1910) ; 
Rec. trav. chim. 29 , 130-133 (1910). (2) Staudinger, Widmer, Helv. Chim. Acta 9 , 531, 540-547 

(1926). 


Beil. I - 167 

11— 

12- (129) 


3; 0460 /3-CHLOROPROPIONIC ACID C3H6O2CI Beil. II - 349 

(3-Chloropropanoic acid) ClCH2.CH2.COOH Hi-dll) 

n2-(336) 

M.P. 43° {1)(2) B.P. 304° (11) 

41.6° (3) 303-305° at 764 mm. (12) 

41° (4) (19) 137° at 36 mm. (13) 

40.5° cor. (5) 130° at 30 mm. (27) 

40° (6) (7) 134° at 26 mm. (1) 

39° (8) (9) 105-107° at 20 mm. (14) 

38.5-39.5° (10) 108° at 12 mm. (1) 

Lfts. from Igr. or pet. eth. — Very eas. sol. aq., ale., CHCI3; spar. sol. dry ether. — Fairly 
hygroscopic. — C on boilg. slightly dec. to HCl -j- acrylic ac. (1 : 1020). [Note that samples 
with m.p. higher than 42° may have contd. adipic ac. (8).] [For stability of C in aq. soln. 
see (8).] 

[For prepn. of C from acrolein (1:0115) via addn. of HCl to /5-chloropropionaldehyde 
(3:5576) and subsequent oxidn. with fumg. HNO3 (yield: 65-70% (14), 60-65% (15), 
60% (D) stxj (15) (14) (7) (1) (16); from 3-chloropropanol-l (trimethylene chlorohydrin) 
(3:8285) by oxidn. with cone. HNO3 (yield: 78-79% (9)) (17) (13) (27) or alk. KMn04 (18) 
see indie, refs.; from /3-hydroxypropionitrile (ethylene cyanohydrin) by hydrolysis with 
HCl see (10); from phosgene •+■ ethylene -f AICI3 via hydrolysis of intermediate /8-chloro- 
propionyl chloride (3:5690) see (19); for other methods see Beil. 11-249.] 

C on htg. with aq. alk. or alk. carbonates (1) (7) (19) or on passing over activated carbon 
at 230-240° at 250-320 mm. (21) loses HCl and yields acrylic ac. (1:1020). [The alk. 
salts of C dec. even at ord. temp, giving alk. chlorides (3).] [For example of use of C as 
source of acrylic acid in Diels- Alder addn. reactions see under 9,10-dichloroanthracene 
(3:4916).] 

C with PCI3 (12) or SOCI2 (22) yields /3-chloropropionyl chloride (3:5690) q.v., b.p. 
144°. 

C (1 g.) + pyridine (2 g.) htd. at 100° solidifies after 2 hrs. to give 100% yield addn. 
cpd. C.CsHsN, pr. from abs. ale., m.p. 160° (26). 
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Methyl /9-cliloropropionate; b.p. 148-150® at 760 mm. (3:5765) 

Ethyl /9-chloropropionate: b.p. 162-163® at 760 mm. (3:8200). 

/3>Chloropropionaxnide: unrecorded. 

(Q ^-Chloropropionanilide: cryst. from aq. or MeOH, m.p. 119® (23). [From /l7-chloro- 
propionyl chloride + aniline in acetone in 90% yield (23).] 

© jS-Chloropropion-p-toluidide: cryst. from MeOH, m.p. 121® (23) (22). 

(p /8-Phenoxypropionic acid: ndls. from hot aq. (24) or Igr. (25); m.p. 98® (24), 97-98® 
(25). [From C + phenol + NaOH, 36% yield (25).] 

8:0460 (1) Moiireu, Murat, Tampicr, Ann. chim. (9) 15, 222-228 (1921). (2) Wooten, Ham- 
mett, J. Am. Chem. Soc. 67, 2291 (1935). (.3) Bcckurts, Otto, Ber. 18, .226. 846 (Note) (1885). 

(4) Michael, Ber. 34, 4047-4048 (1901). (5) Limiemann, Ann. 163, 96 (1872). (6) Lichty, Ann. 

819, 369-370 (1901). (7) Moureu, Ann. chim. (7) 2, 157-158 (1804); Bull. soc. chim. f3) 9,388 

(1893). (8) Simpson, J. Am. Chem. Soc. 40, 675 (1018). (9) Powell, Huntress, Hershberg, 

Org. Syntheses, Coll. Vol. 1 (2nd ed.), 168-169 (1941). (10) Jacobs, Heidelberger, J. Am. Chem. 

Soc. 39, 1465-1466 (1917). 

(11) de Barr, Am. Chem. J. 22, 334 (1899). (12) Henry, Compt. rend. 100, 114 (1886); J. 

prakt. Chem. (2) 31, 126 (1885). (13) Powell, J. Am. Chem. Soc. 46, 2879 (1924). (14) Moureu, 

Chaux, BuU. soc. chim. (4) 35, 1360-1364 (1924), (15) Moureu, Chaux, Org. Syntheses, CoU. 

Vol. 1 (2nd ed.), 166-168 (1941). (16) Arndt. Ber. 66, 1276-1277 (Note) (1923). (17) Rojahn, 

Ber. 64, 3116-3117 ri921). (18> Ihit. (to I.G.), 479,690, Mar. 10, 1938; Cent. 1938, I 3833; 

French 824,489, Feb. 9, 1938; C.A. 32, 58,57 (19.38). (19) Paco, Gazz. chtm. ital. 59, 586-582 

(1929). (20) Klebanskii, Chovychalova, Cent. 1938, I 1335; C.A. 34, 6222 (1940). 

(21) Bauer, Lauth (to Rohm and Haas C::o.), U.S. 2,087,466, July 20. 1937; Ger. 646,820, 
June 23, 1937; Cent. 1937, II 2072; Brit. 526.122, Sept. 11, 1940; C.A. 36, 6981 (1941). (22) 

WolfFenstein, Rolle, Ber. 41, 736 (1908). (23) Mayer, van Ztitphen, Philipps, Ber. 68, 860 (1927) ; 

Mayer, Ger. 416,096, June 13, 1925; Cent. 1926, II 1094. (24) Powell, J. Am. Chem. Soc. 46, 

2710 (1923). (25) Arndt, Kallner, Ber. 67, 204 (1924). (26) Kirpal, Wojnar, Ber. 71, 1264 

(1938). (27) Fieser, Seligman, J. Am. Chem. Soc. 68, 2484 (1936). 

3:0470 PENTACHLOROPROPIOIDTL CHLORIDE CaOCle 

Cl 

ci3C-<*;— 0=0 

ilk 


BeU.n — 

n,— 


M.P. 48“ (1) 

Colorless not especially hygroscopic ndls. 

[For prepn. of C from trichloroacrylic acid chloride (3 : 5845) by addn. of CI2 in bright 
sunlight see (1).] 

C with AICI3 (I mole) at 60® decomposes in two ways (1), leading on one hand to CO 
and hexachlorcthane (3:4835), and on the other to phosgene (3:5000) and tetrachloro- 
ethylene (3:5460). 

[C with 4- AICI3 yields (1) phenyl pentachloroethyl ketone (a,a,j3,/d,iS-pentachloro- 
propiophenone) [Beil. VIIi-(161)], m.p. 83® (1).] 

C on hydrolysis yields pentachloropropionic acid (3:4895). 

3:0470 (1) Boeseken, Hasselbach, Bee, trav. chim. 32, 11-13 (1913). 
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^-CHLOROPHENOL Cl<^^ 

CjHsOa Bea.VI-186 

VIi-(lOO) 





VIi!-(174) 

M.P. 


B.P. 



43® 

(1) 

219.75® 

at 760 mm. (11) dP * 

= 1.8838 (22) 

42.9® 

{2) (3) 

818.3-818.9° (12) 

n?,® = 1.6480 (23) 

42.5® 

(4) 

218® 

(6) (15) 

ng = 1.5600 (14) 

40-41 

°<5> 

217® 

at 760 mm. (7) 

1.5579 (3) 

41® 

(6) {15) 

217® 

(10) 

nf? = 1.5690 (14) 

40® 

(7) 

216.0® 

at 760 mm. (13) 


38-30 

°(8) 

99.7® 

at 12 mm. (13) 


37® 

(9) (10) (20) (55) 



36® 

(39) 





[See also o-chlorophenol (3:5980).] 

C has disagreeable and persistent odor (15) for study of strength of which in aq. soln. see 
(16). — C is spar. sol. aq. at ord. temp, (for details see (17)); but C is eas. sol. ale., ether, 
CeHe, CHCI3, CS 2 . — C (like its o-isomer (3:5980)) is volatile with steam (for studies 
see (18)) even from soln. in equiv. aq. NaOH (19) (dif. and sepn. from 2,4-dichlorophenol 
(3:0560), 2,6-dichlorophenol (3:1595), and 2,4,6-trichlorophenol (3:1673) (19). 

The cryoscopic const, of C is 85.8 (20). 


SELECTED DATA ON BINARY SYSTEMS CONTG. C 

C + aq.: for solubility /temp, data see (17). 

C -h CeHe: for solubility /temp, data (17) or for vapor-press, data (21) see indie, refs.; 
for association of C in CeHe soln. see (30). C + MeOH (1:6120): for vapor-press, data 
see (21). C -f- acetone (1:6400): for vapor-press, data see (21). C -f methyl acetate 
(1:3006): for vapor-press, data see (21). 

C + nitrobenzene: for f.p./compn. data and diagrams see (24) (25), eutectic m.p. —24.5® 
contg. 41.5 wt. % C (24), m.p. -30.5® contg. 50.5 mol. % C (25). 

C + aniline: for D?? and D- -f- viscosity at 25® and 50® see (26). C + ^-toluidine: 
for f.p./compn. and ny /compn. data and diagrams see (4) cf. (29); note two eutectics, 
El, m.p. 21® contg. 28 mol. % C, and E 2 , m.p. 7.4® contg. 71 mol. % C (4). C + benzyl- 
amine: for f.p./compn. diagram see (27), noting two molecular cpds.^one of compn. 3 C.l 
benzylamine, m.p. 55®, the other 1 C.l benzylamine, m.p. 16® (27). C + phenylbydrazine : 
for f.p./compn. data and diagram see (1). 

C “h piperidine: for nf? /compn. data see (23). 

C + pyridine: for f.p./compn. diag. of entire system see (4) cf. (28) (note two eutectics, 
viz., El, m.p. —19.5® contg. 66.6 mol. % C, ^ 2 , m.p. —47.3® contg. 13.5 mol. % C); for 
n|) /compn. and tid / compn. data over entire system see (14). 

C + o-chlorophenol (3:6980): for f.p./compn. data and diagram see (3) (note that the 
eutectic, m.p. about —20.5°, conts. about 38.5 mol. % C). C + ^-dichlorobenzen&(3 :0980) : 
for f.p./compn. diagram see (4) (note eutectic m.p. 27.2® contg. 73.4 mol. % C); for no/ 
compn. data see (4). 

Azeotropic Systems Contg. C 

^ C with naphthalene (1:7200) forms a const.-boilg. mixt., b.p. 216.3° contg. 36.5% 0 (11). 
C with ^-dibromobenzene forms a const.-boilg. mixt., b.p. 215.05° contg. 35% C (11). 
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PREPARATION OF G 

From ^-chloroaniline. [For prepn. of C from p-chloroaniline [Beil. XII-607, XIIi-(304)l 
via diazotization to salts of p-chlorobenzenediazonium hydroxide [Beil. X VI-463, XVIi- 
(355)1 and hydrolysis of the latter (yields not stated) (3) (10) in an inert solvent (31) see 
indie, refs.; for study of rate of hydrolysis (32) of p-chlorobenzenediazonium chloride and 
influence of light thereon (33) see indie, refs.] 

From phenol. [For prepn. of C from phenol (1 : 1420) with CI 2 at temps, over range 
40®-155® see (3) cf. ( 6 ) (35); with CI 2 + cone. aq. Na 2 C 03 soln. see (34); by use of N,V- 
dichlorobenzenesulfonamide in CHCI 3 at —15° see (36) (note that evidence obtd. from 
this reaction in pres, of isobutylene indicates that phenyl hypochlorite is first formed and 
subsequently rearranges (36)); by use of J\r,JV'-dichlorourca -f HCl see (37); with EtOCl 
(3:7022) in CCI4 at — 20 ° see (38); or by use of SO2CI2 see (39) (40) (41) (for use of SO 2 CI 2 
on NaOCsHs see (7)). — Note that in all these methods some o-chlorophenol (3:5980) is 
usually also formed.] 

From ^-aminophenol. [For formn. of C from p-aminophenol [Beil. XIII-427, XIIIi- 
(143)] via diazotization, conversion to corresp. PtCU double salt, and dry distn. see (42); or 
via diazotization, conv. to corresp. ZnCL double salt, and decompn. by addn. of molten 
phenol (yield 40% accompanied by 41% hydroxybiphenyl + 11% diphenyl ether) see 
(43).] 

From ^-dichlorobenzene. [For prepn. of C from p-<lichlorobenzene (3:0980) with 
MeOH/NaOMe in s.t. at 180° (44) (45), or with MeOH/NaOH in s.t. at 190-195° (90% 
' yield (46)) or at 200° for 25 hrs. under press. ( 8 ), see indie, refs.; for use of aq. alk. or alk. 
earths with MeOH in pres, of copper salts at 150-190° under press, see (47) (note, however, 
that, although the hydrolysis of p-dichlorobenzenc to C is markedly facilitated by presence 
of Cu, e.g., with aq. NaOH, maximum yield is 30% while with MeOH/NaOH -f Cu yield 
is 85% (48), yet in presence of CU 2 O some ord. phenol (1:1420) is also formed (49); for 
prepn. of C from p-diclilorobenzene (3:0980) by vapor-phase hydrolysis with steam + 
cat. at 550-850° see (50).] 

From other miscellaneous sources. [For formn. of C from various p-chlorophenyl ethers 
by cleavage, e.g., from p-chloroanisole (3:63(X)) with ccmc. HCl in s.t. (51) or with MeOH/ 
NaOMe in s.t. at 176° (45); from /?-chlorophenetole (3:0090) with cone. HCl (52) or with 
HBr in AcOH (85% yield (53)); or from p-chlorophenoxyacetic acid (3:4375) with cone. 
HCl in s.t. at 150° (34), see indie, refs.] 

[C is also obtainable by hydrolysis of its various esters, but tliese need not be cited here.] 

[For formn. of C from p-bromophenol with SO 2 CI 2 at ord. temp, see (55); from calcium 
salt of p-dichlorobenzenesulfonic acid with Ca(OH )2 -f- Cu at 200 - 220 ° followed by re- 
moval of the sulfonic acid group from the resultant p-chlorophenolsulfonic acid see (56).] 

BIOCHEMICAL ASPECTS OF C 

[For studies involving fate of C in animal metabolism see (57) (58) (59); for studies from 
various aspects of bactericidal and fungicidal action of C see (60) (61) (62) (63) (64) (65) 
(67) ( 68 ).] 

[For studies from various aspects of effect of C and other chlorophenols on taste of water 
see (69) (70) (71) (72) (73).] 

MISCELLANEOUS USES OF C 

[For use of C in selective solv. refining of mineral oils see (74); as denaturant for ale. 
see (75); as solv. for lignin see (76).] 
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QUANT. DETN. OF C 

See text below under bromination of C, iodination of C, and nitration of C. 

CHEMICAL BEHAVIOR OF C 

PTROIiYSIS OF C 

[C on pyrolysis through silica tube at red heat gives (77) 3,6-dichlorodiphenylene oxide, 
m.p. 188** (77).] 

Reduction of C 

[C with H2 + Ni cat. in aq. or aq. ale. alk. soln. loses chlorine quant, as HCl (78) (for 
study of rate see (79)) ; note also that C with Li at 220° (80) or with Ca at 160° (80) followed 
by treatment with aq. gives (yields 14% and 36% resp.) phenol (1:1420). — Note that 
C with aq. CU2O at 250-380° under press, gives (81) phenol (1 : 1420) (see also above under 
prepn. of C from p-dichlorobenzene). — Note that reduction of C to 4-chlorocyclohexanoLl 
(3:9376) appears to be unreported.] 

Oxidation op C 

[C on oxidn. with 35% peracetic acid at 25° gives (82) slowly (17 days) in small yield 
/8-chloromuconic acid (2-chlorobutadien-l,3-dicarboxylic acid-1,4), m.p. 223°, accompanied 
in the mother liquor by some lactone (CeHsOsCl) of 3-cliloro-4,5-dihydroxyhexen-2-dioic 
acid-1,6, m.p. 177° (82). — C on electrolytic oxidn. gives (83) benzoquinone-1,4 (1 :9025).]< 

Nuclear Substitution of C 

(See also below under condensation reactions of C.) 

Halogenation of C. Fluorination. [The fluorination of C has not been reported, and 
no fiuoro- or difluoroderiv. of C is known.) 

Chlonnation. [C with CI2 (2 moles) in AcOH in cold gives (80% yield (84)) 2,4-dichoro- 
phenol (3:0560), m.p. 45°; presumably C with CI2 (3 moles) would give 2,4,6-trichloro- 
phenol (3 : 1673), but such reaction is not actually reported. — For study of rate of chlorin- 
ation of C with CI2 in CCI4 (85) or with NaOCl in alk. soln. at 25° (86), or behavior of C 
with CI2 in presence of radioactive IICl in CeHe soln. (87), see indie, refs.) 

Bromination. [C with Br2 (1 mole) in CCI4 at room temp, gives (62% yield (88)) 2- 
bromo-4-chlorophenol, m.p. 33-34°, b.p. 121-123° at 10 mm. (corresp. benzoyl deriv., 
m.p. 99-100°) (88).] 

C with Br2 (2 moles) in AcOH (89) (90) (91) or C with Br2 (2 moles) in aq. KBr soln. 
(92) gives (yields not stated) 4-ehloro-2,6-dibromophenol, ndls. from dil. ale., m.p. 92° 
(89), 90° cor. (92), 89° (90) (corresp. methyl ether, m.p. 74° (92); 2,4-dinitrophenyl ether, 
m.p. 145-146° (90), p-toluenesulfonate, m.p. 107-108° (90)). [Note difference from the 
isomeric 4-chloro-3,5-dibromophenol, m.p. 121° (93), 118° (94) (corresp. Me ether, m.p. 
82.5° (93), benzoyl deriv., m.p. 132° (94)).] 

[C with Br2 (4 moles) in pres, of Fe powder gives (93) 4-chloro-2,3,5,6-tetrabromophenol, 
m.p. 215° (corresp. methyl ether, m.p. 161°, benzoyl deriv., m.p. 203° (93)).] 

[For quant, detn. of C by dibromination with KBrOa/KBr soln. see (95) (96) (97).] 

lodvmtion, C with I2 (1 mole) in aq. KI -h cone. NH4OH gives (88% yield (98)) 
4-chloro-2-iodophenol, ndls. from CHCI3 or It. pet., m.p. 78° (98) (99) (corresp. acetyl 
deriv., m.p. 57° (98); corresp. benzoyl deriv., m.p. 88° (99), 83-84° (98); corresp. AT-phenyl- 
carbamate, m.p. 128° (99)). 

C with excess I2 in aq. KI -f- cone. NH4OH (98), or C in alk. soln. with I2 in aq. KI (92), 
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or C in alk. soln. with I 2 + KIO 3 followed by dil. H 2 SO 4 (89), or C with ICl <99), gives 
(89% yield (98)) 4-chloro-2,6-iodophenol, ndls. from ale. or It. pet., m.p. 109® cor. (92), 
108® (98) (100), 107-108® (89), 106-107® (99) (corresp. methyl ether, m.p. 79® (92); corresp. 
acetyl deriv., m.p. 128® J98), 127.5® (100)). 

[For quant, detn. of C by di-iodination using I 2 -f borax soln. see (97).] 

Nitration of C. C on mononitration with dil. HNO 3 (101) (102), or with 30% HNOa 
in cold (103), or with nitrosulfonic acid -{- fumg. HNO 3 (104), or in MeOH with HNO 3 
(105), gives (yields 90% (103), 85% ( 102 ), 77% (104)) 4-chloro-2-nitrophenol [Beil. VI.238, 
VIi-(122)], yel. cryst. from ale., volatile with steam, m.p. 86-87® (101) (102) (corresp. 
methyl ether, m.p. 98® (44), 97.5® cor. (106); corresp. ethyl ether, m.p. 61-62® (101); cor- 
resp. benzyl ether, m.p. 84-85® (99)). — [For use of mononitration in quant, detn. of 
mixts. of C with o-chlorophenol (3:5980) see (107) cf. ( 112 ).] 

C on dinitration with cone. HNO 3 (108) (or the above 4-chloro-2-nitrophenol on further 
nitration with fumg. HNO 3 (101)) gives 4-chloro-2,6-dinitrophenol [Beil. VI-260, VIi-(128)], 
yel. ndls. or Ifts. from aq., ndls. or pr. from ale., ether, or CHCI 3 , m.p. 81® (108) (corresp. 
methyl ether, m.p. 66 ° (109), 64® (94); corresp. ethyl ether, m.p. 54-55® (110); corresp. 
iV-phenylcarbamate cannot be prepared (111)). 

Nitrosation of C. [Unlike the isomeric o-chlorophenol (3:5980) the nitrosation of C 
has not been reported, and no nitroso-p-chlorophenol is known.] 

Sulfonation of C. [C with equiv. amt. fumg. H 2 SO 4 (D = 1.90) at 100° (113) (114) 
gives 4-chlorophenolsulfonic acid-2 [Beil. XI-236], deliquescent tbls. of monohydrate from 
aq., m.p. 75-76® (113) (for study of acid strength see (115)). — Note also that C with very 
large excess (15 wt. pts.) fumg. H 2 S ()4 ( 20 % SO 3 ) gives (80-85% yield (116)) a bimolecular 
condensation prod, of the above sulfonic acid.] 

Mercuration of C. [C with HgO/HgS 04 on warming, followed by neutraliz. with 
NaOH, gives (117) 4-chloro-2-hydroxymercuriphenol [Beil. XVIi-(564)l. — For other 
studies of mono- and di-mercuration of C see (118) (119); for patents see (120) (121).] 

Condensation Reactions Involving Nuclear Hydrogen or C 

With alcohols. C with ales, contg. more than one C in pres, of cone. HCIO 4 at 0-160® 
gives ultimately (although doubtless through formn. of intermediate esters followed by 
rearr. or intermediate formn. of olefins followed by addn.) (122) the corresp. 2-alkyl-4- 
chlorophenols [e.g., C with isopropyl ale. (1:6135) -f cone. HCIO 4 as directed (122) gives 
4-chloro-2-isopropylphenol, sol. aq. NaOH, b.p. 235-250° accompanied by 4-chloro-2,6- 
diisopropylphenol, insol. aq. NaOH, m.p. 260-265°]. 

With aldehydes. [C with formaldehyde (1:0145) + cone. HCl - 4 - H 2 SO 4 is claimed 
(123) to imdergo simple chloromethylation yielding 5-chloro-2-hydroxybenzyl chloride, 
m.p. 85° (123); note, however, that further condensation (involving 2 additional moles of 
formaldehyde) may occur giving (67% yield (124)) 6 -chloro- 8 -(chloromethyl)benzodioxane- 
1,3, cryst. from MeOH, m.p. 103® (Ilk). — C with formaldehyde (1:0145) -h aq. alkali 
gives (125) 4 -chloro- 2 , 6 - 6 f«-(hydroxymethyl)phenol ( “ p-chlorophenol dialcohol”), m.p. 
154° (126) (corresp. ?rw>no- (p-toluenesulfonate), m.p. 151® (127)); note that reaction of 
C with 1 mole formaldehyde to give 4-chioro-2- (hydroxymethyl )phenol (5-chlorosalicyl 
alcohol) is not reported although the latter [Beil. VI-893], m.p. 93®, is known.] 

With CHCI 3 , chloral, or hexamethylenetetramine. [C with CHCI 3 4 * EtOH 4 - aq. 
NaOH (128), or C with hexamethylenetetramine in anhydrous glyceroboric acid at 150- 
155® followed by H 2 SO 4 hydrolysis (129), or C with chloral 4- anhydrous Na 2 HP 04 at 
70-75° (giving ( 4 -chloro- 2 -hydroxyphenyl)-trichloromethyl-carbmol cf. (130)) followed 
by hydrolysis 4” oxidation (131), gives (18% yield (129)) 5-chloro-2-hydroxybenzaldehyde 
(5-chlorosalicylaldehyde) (3:2800), m.p. 99-100®.] 
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With ecu. [C with CCU in aq. NaOH (128) in pres, of Cu or Cu compds. <132) or € 
with ecu in ale. KOH in s.t. at 140° for 5-6 hrs. (133) gives 5-chloro-2-hydroxybenzoic 
acid (5-chlorosalicylic acid) (3; 4705), m.p. 172°.] 

With CO2 or organic acids. [C (as dry NaA) with CO2 at 140-150° under press, gives 

(135) (136) Na salt of 5-chlorosalicylic acid (3:4705) (see also above).] 

(C with o-chlorobenzoic acid (3:4150) in MeOH/NaOMe + trace Cu powder evapd., 
htd. at 200°, then htd. with cone. H2SO4 for 15 min. gives (136) 2-chloroxanthone, m.p. 165° 

(136) .] 

With acid chlorides of organic acids. The conventional type of reaction of C with acyl 
halides is to form the corresp. p-chlorophenyl esters (see also below under reactions of 
phenolic hydrogen of C); however, with C acid chlorides in pres, of AICI3 the ultimate 
product (undoubtedly formed by rearr. of an intermediate ester) is the ketone [e.g., C with 
benzoyl chloride (3:6240) + AICI3 in CS2 (137) or acetylene tetrachloride (3:5750) (138) 
gives 4-chloro-2-benzo>lphenol (5-chloro-2-hydroxybenzophenone), m.p. 95.0-95.5° (138), 
94-95° (139), 94° (137), 93-94° (140), frequently accompanied by p-chlorophenyl benzoate, 
m.p. 87° (see below); for analogous behavior of C with o-toluyl chloride (3:8740) see (138)]. 

With anhydrides. [C with phthalic anhydride (1:0725) 4- AICI3 at 140-145° (141) cf. 
(143) or in acetylene tetrachloride (3:5750) (142) gives (70% yield (142)) o-(5-chloro-2- 
hydroxybenzoyl) benzoic acid [Beil. Xi-(470)], cryst. from hot AcOH, acetone, or ale., 
m.p. 202°, after sintering at 192° (142); this product ring-closes imder the conditions of its 
formn (141) (142) (143) (144) or with cone. H2SO4 at 100° (144) (142) cf. (141) giving 4- 
chloro-l-hydroxyanthraquinone [Beil. VIlI-340, VIIIi-(651)], yel.-or. ndls. from AcOH or 
pyridine, m.p. 194° (141), 193-194° (145), 192-193° (146), 189° (142), 188° (147) (corresp. 
methyl ether, m.p. 168° (145), corresp. acetate, m.p. 176-177° (146)), also obtd. (70% 
yield (145)) directly from C with phthalic anhydride (1:0725) + AICI3 + NaCl at 200- 
220° for 3 hrs. (See also next paragraph.)] 

[Note, however, that C with phthalic anhydride (1 .0725) 4- cone. H2SO4 at 200° (148) 
(149) or in pres, of cone. H2SO4 + H3BO3 at 200° for 3)^ hrs. (150) (151) (L 43 ) (152) (153) 
(154) (155) (156) goes further than above giving (yield: 68-74% (150)) 1 , 4 -dihydroxyan- 
thraquinone (quinizarin) (1:9085), cryst. from AcOH, m.p. 200-202° cor. (150).] 

[C with 4-chlorophthaIic anhydride (3:2725) 4- H3BO3 4“ fumg. H2SO4 at 175-195° for 
20 hrs. gives (157) 6-chloro-l,4-diliydroxyanthraquinone (6-chloroquinizarin), this, from 
toluene, m.p. 188° (158) (corresp. dimethyl ether, m p. 168.5° (158); diacetate, m.p. 213° 

(158) ). — For completely analogous behavior under similar circumstances of C with 
3,4-dichlorophthalic anhydride (3:3695) or C with 4,5-diclxlorophthalic anhydride (3:4830) 
see these cpds.] 

[C with 4-sulfophthalic anhydride 4- H3BO3 4" H2SO4 at 200° for 4 hrs. gives (45% yield 

(159) (160) cf. (161)) 1,4-dihydroxyanthraquinonesulfonic acid-6 (6-sulfoquinizarin) 
[Beil. XI-357]; for study of Na salt of latter as acid-base indicator see (162).] 

[For behavior of C with 3-methylphthalic anhydride 4- AICI3 (144) (163), with 4-methyl- 
phthalic anhydride 4 - AICI3 (163), with naphthalene-1 ,2-dicarboxylic acid anhydride 4- 
AICI3 4- NaCl (164), or with naphthalene-2,3-dicarboxylic acid anhydride + AICI3 4- 
NaCl (165), see indie, refs.] 

With esters of keto acids. [C (1 mole) with ethyl acetoacetate (1 : 1710) 4- cone. H2SO4 
stood 24 hrs. gives (2.7% yield (166)) 6-chloro-2-methylcoumarin [Beil. XVII-336, XVIIi- 
(173)1, m.p. 186-187° (167), 186° (168), 185° (170), 184-185° (166), 184° (169); note, how- 
ever, that 4-chloro-2-acetylphenol (5-chloro-2-hydroxyacetophenone) (see below) with 
AC2O 4“ NaOAc at 160-170° for 5 hrs. gives (167) both the above 6-chloro-2-methylcoumarin 
and the isomeric 6-chioro-2-methylchromone, ndls. from AcOH, m.p. 115-116° (167).] 

[Note also that C with a-alkylacetoacetates 4- PaOs gives the corresp. chromones: e.g.. 
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C with ethyl a-methylaeetoacetate (1 : 1712) gives (17% yield (171)) 6-chloro-2,3-(limethyl- 
chromone, m.p. 107°; C with ethyl a-ethylacetoacetate (1:1723) gives (171) 6-chloro-3- 
ethyl-2-methylchromone, m.p. 109°; C with ethyl a-(n-propyl)acetoacetate gives (172) 
6-chloro-2-methyl-3-n-propylchromone, m.p. 108°; C with ethyl a-isopropylacetoacetate 
gives (172) 6-chloro-2-methyl-3-n-propylchromone, m.p. 108°; C with ethyl a-isopropylace- 
toacetate gives (172) 6-chloro-3-isopropyl-2-methylchromone, m.p. 127°.] 

[C with diethyl oxaloacetate + cone. H2SO4 at 0° gives (small yield (170)) ethyl 6- 
chlorocoumarin-4-carboxylate [Beil. XVIIIi-(493)], yel. ndls., m.p. 96-97°; C with diethyl 
acetonedicarboxylate (1:1772) -f cone. H2SO4 gives (6% yield (170)) ethyl 6-chlorocou- 
marinyl-4-acetate [Beil. XVIII i-(493)], m.p. 167°.] 

With diazonium salts. C in alk. soln. couples with diazonium salts giving upon acidifica- 
tion the corresp. chloro-hydroxy-azo derivs. [e.g., C with benzenediazonium chloride 
(aniline diazotized in HCl soln.) gives (173) 4-chloro-2-(benzeneazo) phenol (5-chloro-2- 
hydroxyazobenzene) [Beil. XVI-93], red-or. ndls. from AcOH, mp. 110-111° (173) (174); 
C with diazotized p-nitroaniline gives (175) 4-chloro-2-(p-nitrobenzeneazo)phenol, m.p. 
140-143°; for patent on coupling of C with other diazonium salts see (176)]. 

With other miscellaneous reactants. [For condensation of C with indene (di)chloride 
(2,3-dichloroindane) see (177); for condensation of C with o-nitrobenzenesulfinic acid (178) 
or with 2-chloro-5-nitrobenzenesulfinic acid (179) see indie, refs.; for oxidative condensation 
of C with iV,iV-dialkyl-p-phenyIenediamines, etc., to give various indophenols see (180).] 
[C (2 moles) with SCI2 (1 mole) in CCI4 at —10° (181) or in CS2 at 40-45° (70% yield 
(182)) or C with S2CI2 in CS2 at room temp. (42% yield (182)) gives 5is-(5-chloro-2-hy- 
droxyphenyl) sulfide [Beil. VIi-(396)], ndls. or Ifts. from CeHe, m.p. 175° (183), 174° (182), 
173-174° (184), 173° (181) (corresp. dimethyl ether, m.p. 112° (182); diethyl ether, m.p. 
145° (185), dibenzoate, m.p. 145° (182)); for use as disinfectant (181) (183) or in moth- 
proofing compositions (186) see indie, refs.] 

[C (2 moles) with SOCI2 (1 mole) -f AICI3 in CS2 gives (70% 3deld (184)) 6M-(5-chloro- 
2-hydroxyphenyl) sulfoxide [Beil. VIi-(396)], pr. from dil. ale., m.p. 202° (corresp. dinitra- 
tion prod., m.p. 180-181° (184)).] 

Reactions Involving Nuclbab Halogen op C 

[C on fusion with KOH (187) (188) or C with aq. alkali or alk. carbonates in pres, of 
Cu or Cu compds. at elevated temp, under press. (189), or C with aq. Ba(OH)2 at 170- 
195° under press. (190), or C with alkali or alk.-earth hydroxides Cu salts at elevated 
temp, under press. (191) gives 1,4-dihydroxybenzene (hydroquinone) (1:1590); note, 
however, that in such fusions with alkali some 1,3-dihydroxy benzene (resorcinol) (1 : 1530) 
is also formed (187) (188) (192) (193), and C (as NaA) with NaOH at 310° for 5 hrs. gives 
(194) as high as 38% resorcinol (1:1530) + a trace of 2,4'-dihydroxybiphenyl ; however, 
C on fusion with K2CO3 is claimed (193) to yield only hydroquinone (1 : 1590).] 

[C with Na2S + NaOH at 210-215° for 24 hrs. gives (195) 4-mercaptophenol (mono- 
thiohydroquinone) [Beil. VI-859, VIi-(419)], m.p. 29-30°.] 

[C with NH3 in pres, of Cu cpds. htd, under press, gives (196) p-aminophenol ; C similarly 
with prim, aliphatic amines gives (196) corresp. AT-alkyl-p-aminophenols.] 

Reactions of C Involving Phenolic H (i.b., H op the OH Group) 

Acidic strength. C behaves as weak acid, is soluble in aq. alk. or in large excess (2.75 
moles of 2 N (197)) aq. Na2C03 soln. from which it is repptd. by CO2 (197). — Dissoc. 
const, of C in aq. at 28.5° — 6.6 X 10”^® (198); for studies of dissoc. const, in other solu- 
tions, e.g., in 50% MeOH at 20° (199) (200) or at 28.5° (198), or at 18° over range 0-95% 
MeOH by volume (203), in 30% aq. EtOH at 25° (200) (9) (201), or at 18° over range 
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0-95% EtOH by vol. (202), see indie, refs. — - For hydrogen potential of C in 48.96 vol. 
% EtOH or 95 vol. % EtOH at 20° see (204). — For titration of C with standard NaOH 
and indicator see (205). 

Salts of C. [NaA; from C in abs. EtOH with equiv. Na, evapd. under Hj, dried at 
140-160° (134); very hygroscopic ndls. from cone. ale. soln., turning brown in air; in con- 
trast to Na phenolate is fairly eas. sol. dry ether (206); for behavior with CO2 at 140-160° 
giving Na salt of 5-chlorosalicylic acid (3:4705) see (134) (135).] 

(C (38.4 pts.) with KOH (5.6 pts.) in CeHs gives (207) Ki.2C.] 

[C with AICI3 evolves heat and HCl giving (208) CI.C6H4.OAICI2, m.p* 185-187° (208).] 

[For patents on use of alkali salts of C as anti-gumming agents for motor fuels see (209); 
for use of aq. solns. of salts of C as wash liquid for fuel gas purification see (210).] 

Etherification (see also below under ®*s) 

Aliphatic ethers of C. C with alkyl halides usually in presence of an acid acceptor 
gives the corresponding p-chlorophenyl ethers [e.g., for methyl ether (p-chloroanisole) 
(3 : 6300) or for ethyl ether (p-chlorophenetole) (3 : 0090) see these compds. — y-Chloro- 
phenyl n-^propyl ether appears to be unreported; for p^hlorophenyl isopropyl ethers b.p. 101° 
at 17 mm. (211), 73-75° at 1.6 mm. (212), = 1.6127 (212), see indie, refs. — For p- 

chlorophenyl isobtUyl ether ^ b.p. 95-97° at 3 mm., = 1.5090, see (213); the n-butyly 
sec-butyl and ter-butyl ethers arc unreported. — For p-chlorophenyl n-amyl ethers b.p. 132- 
133° at 12 mm., p-chlorophenyl n-hexyl ethers b.p. 172° at 34 mm., p-chlorophenyl n-heptyl 
etheTf b.p. 162° at 14 mm., and p-chlorophenyl n^hexadecyl etheTy m.p. 48°, see (214)]. 

[0 with vinyl chloride (3:7010) -f aq. NaOH -|- CuCb at 170-190° for 10 hrs. under 
press, gives (215) p-chlorophenyl vinyl ether, b.p. 193-194°, D- ~ 1.138. — C with allyl 
bromide + K 2 CO 3 in acetone gives (100% yield (216)) p-chlorophenyl allyl ether, b.p. 
232-234° at ord. press., 106-107° at 12 mm.; note that distn. at ord. press, causes thermal 
rearr. to 4-chloro-2-allylphenol, b.p. 137° at 18 mm., 124-125° at 12 mm., m.p. 48° (cor- 
resp. p-nitrobenzoate, m.p. 82°) (216). — C with methallyl chloride (3:7145) -h K2CO3 
in acetone gives (217) p-chlorophenyl methylafiyl ether, b.p. 101.5° at 8 mm., Dfo = 1.0979, 
wd “= 1.5304; this prod, on thermal rearr. gives (217) 4-chloro-2-methallylphenol, b.p. 
113° at 8 mm., Dfo = 1.145, nf? = 1,5622, accompanied by some 5-chloro-2,2-dimethyl- 
coumaran, b.p. 96° at 5 mm., Dio = 1135, nf? =» 1.5300 (217).] 

[C with ethylene oxide (1:6105) in ale. NaOEt adds giving (218) cf. (219) ethylene 
glycol mono- (p-chlorophenyl) ether (p-chlorophenyl /5-hydroxyethyl ether), m.p. about 
28° (corresp. p-nitrobenzoate, m.p. 90-91°) (218); note that the corresp. ethylene glycol 
6t«-(p-chlorophenyl ether) is unreported.] 

[C (as NaA) with 2-chloropropanol-l (3:7917) gives (220) p-chlorophenyl /5-hydroxyiso- 
propyl ether (propylene glycol /8- (p-chlorophenyl) ether), b.p. 151-153° at 18 mm. — C 
with 3-chloropropanedioI-l,2 (glycerol a-monochlorohydrin) (3:9038) in alk. soln. (221), 
or C with glycerol (1 :6540) + NaOAc at 200-210° in atmosphere of illuminating gas (222) 
gives p-chlorophcnyl /9,7-diliydroxy-n-propyl ether (glycerol a- (p-chlorophenyl ether), 
cryst. from CeHe, m.p. 80° (221), 76° (222); b.p. 214-216° at 19 mm. (221), 173-175° at 
17 (223).] 

[C with diethyl chlorofumarate (3:6864) + NaOEt at 150° gives (224) diethyl p-chloro- 
phenoxyfumarate, b.p. 199-200° at 12 mm. — C (as NaA) + C with ethyl phenylpropiolate 
as directed gives (224) ethyl ^-(p-chlorophenoxy)cinnamate, m.p. 63-64°, b.p. 220-226° at 
12 mm.] 

Aromatic ethers of C. [p-Chlorophenyl phenyl ether: b.p. 161-162° at 19 mm, (225), 
146-160° at 7 mm. (226), nff » 1.5866 (225); note that although this prod, has not been 
reported by etherification of C it has been obtd. from diphenyl ether (1:7126) in AcOH 
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with CI2 {226), from K phenolate p-chloroiodobenzene {225), or from p>aminophcnol 
phenyl ether via diazotization and use of CU2CI2 reaction {226); for studies of its chlorina- 
tion, bromination, iodination, and nitration see {226), for metalation see {227); note also 
that the product first reported {228) was impure (225).] 
p-CMorophenyl p-chlorophmyl ether Qyis-{p^hlorophenyl) ether) [m.p. 30® {226) {229), 
b.p. 168-172® at 7 mm. (226); note that this prod, has not been reported by etherification 
of C but has been prepd. from diphenyl ether (1 : 7125) in AcOH with CI2 {226), or from 
p-aminophenol p-chlorophenyl ether via diazotization and use of CU2CI2 reaction {226) {229); 
for mononitration to 4-chlorophenyl 4-chloro-2-nitrophenyl ether, m.p. 75® (see also below) 
or dinitration to 6is-{4-chl0ro-2-nitrophenyl) ether, m.p. 152® {229), 154° {236), see {229) 
{236)1. 

p-ChJLorophenyl o-nitrophenyl ether [from C (as KA) with o-chloronitrobenzene on htg. 
{230) {231) in pres, of Cu bronze (232) (yields: 75% {232), 72% {230)), pale yel. cryst. 
from MeOH, m.p. 46® {231), 45.5° {230), 44-15® {232), b.p. 220® at 20 mm. {232), 208® at 

11 mm. {232); note that this prod, does not {229) react with piperidine at 100° j. 
p-Chlorophenyl m-nitrophenyl ether [m.p. 60® {233), reported only by indirect means {233)]. 
p~Chlorophenyl p-nitrophenyl ether: from C (as KA) with p-chloronitrobenzene on htg. 

(81% yield {230)) {229) {233), m.p. 76.5® {230), 76® {233), 75.5-76® (229); b.p. 215® at 

12 mm. {229) or as one prod, of nitration of p-chlorophenyl phenyl ether (above) {226). — 
[For pat. on use as insecticide see (134).] 

p-Chlorophenyl 2f4-dinitrophenyl ether: from C (as KA (230) or NaA (235)) with 2,4- 
dinitrochlorobenzene on htg. (97% yield (230)); yel. tbls. from 1 : 2 EtOH /AcOH, m.p. 126® 
(235), 123® (230). 

p~Chlorophenyl 2,4tQ~triniirophenyl ether. [This prod, which should easily be obtd. from 
C (as KA) with 2,4,6-trinitrochlorobenzene (picryl chloride) appears to be unreported.J 
p-Chlorophenyl 4~chloro-2~nitrophenyl ether: fromC (as KA) with 2,5-dichloronitrobenzene 
on htg. (84.4% yield (230)) (229) (231) (84), pale yei. ndls. from ale., m.p. 79® (230), 78° 
(231), 75® (229); b.p. 215-220® at 15 mm. (229). _ 
p-Chlorophenyl 4‘hr<mo-*^nitrophenyl ether: from C (as KA) with 2,5-dibromonitrobenzene 
on htg. (91.9% yield (230)) (236), pale yel. ndls. from AcOH, m.p. 100-101® (236), 100.5° 
(230). 


Esterification 

Esters of inorganic acids. [C with SOCI2 + pyridine in CeHe as directed gives (237) (238) 
5is-(p-chlorophenyl) sulfite, b.p. 213-214® at 12 mm., si. dec.) 

[C (3 moles) with PCI3 (1 mole) at 150® gives (239) ^n’s-(p-chlorophenyl) phosphite, 
m.p. 49®, b.p. 290-297° at 15 mm. (corresp. Mel addn. prod., m.p. 71® (239)); note, how- 
ever, that C with large excess PCI3 at 100® gives (240) p-chlorophenylphosphorous dichloride 
CI.C6H4.OPCI2, b.p. 128-130® at 12 mm., and di-(p-chlorophenyl)phosphorous chloride 
(CLC6H4.0)2=P— Cl, b.p. 225-227® at 11 mm.] 

[C (3 moles) with POCI3 (1 mole) under reflux (241), or C with POCI3 in cold alk. soln. 
(242) (243), or C (as NaA) with POCls in neutral inert solv. (244), gives tri-(p-chloro- 
phenyl) phosphate [Beil. VI-188, VIi-(102)], m.p. 117° (241), 112® (244). — Note, however, 
that C with POCI3 in pres, of Mg at 130-140® gives (245) p-chlorophenylphosphoryl di- 
chloride, Cl.C8H4.0--P(0)Cl2 [Beil. VI-188, VIi-(102)], b.p. 265® at 760 mm. (246) (247), 
141° at 12 mm. (246), 95-115® at 0.1 mm. (245), accompanied by di-(p-chlorophenyl)- 
phosphoryl chloride (C1.C6H4.0)2P(0)C1 [Beil. VI-188], b.p. 164-176® at 0.1 mm. (245); 
these two products may be hydrolyzed, respectively, to p-chlorophenylphosphoric acid 
[Beil. VI-188] cf. (248), m.p. 80-81® (249), and di-(p-chlorophenyl)phosphoric acid [Beil. 
VI-188], m.p. 126-127° (242), 133-135° cor. (248) (260).] 
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[For analogous behavior of C with TiCU see {251}.] 

Esters of aliphatic organic acids (see also below under (©^s). 

p^hlorophenyl acetate: from C with AC2O + NaOAc {252}; m.p. 7-8*^ {252}, b.p. 226-228® 
(253}, lOa-102® at 15 mm. {254}, 108° at 12.5 mm. {252}, 90-92° at 2.5 mm. {61}, = 

l. 2248 (252). — Note that this prod, with AICI3 on htg. {255} {254} (61) or C with AcCl + 
FeCls directly {256} gives (100% yield {255}) 4-chloro-2-acetylphenol (5-chloro-2-hydroxy- 
acetophenone) [Beil. VIII-86], m.p. 55° {256}, 54“ {61}, 53.5-54.5° {167}, b.p. 97-99® at 
2 mm. {61} (corresp. acetate, b.p. 156-157° {140}). 

p-Chlorophenyl propionate: from C with propionyl chloride (3:7170) {140} {61}; oil, b.p. 
234-236° {140}, 76-78° at 2 mm. {61}. — Note that this prod, with AICI3 undergoes Fries 
rearr. giving {140} {61} 4-chloro-2-propionylphenol (5-chloro-2-hydroxypropiophcnone), 

m. p. 59.7° {61}, 56.5-57.5° {140} (corresp. methyl ether, m.p. 41-42°, b.p. 135-140° at 
6 mm. {257}). 

p-Chloroph£nyl n-butyrate: from C with n-butyryl chloride (3:7370) {140} {61}; oil, 
b.p. 249-251° {140}, 96-98° at 3 mm. {61}. — Note that this prod, with AICI3 undergoes 
Fries rearr. giving {140} {61} 4-chloro-2-(w-butyryl) phenol (5-chloro-2-hydroxy-n-butyro- 
phenone), m.p. 50.5° {61}, 49-50° {140}; b.p. 108-112° at 3 mm. {61}. 

p-Chlorophenyl isobutyrate: from C with isobutyric acid (1:1030) + POCI3 {258}; m.p. 
29°, b.p. 120° at 11 mm. {258}. — Note that this prod, with AICI3 undergoes Fries rearr. 
giving {258} 4-chloro-2-isobutyrylphenol (5-chloro-2-hydroxy-isobutyrophcnonc), oil, 
b.p. 130° at 20 mm., = 1.192, ng^e = 1.5521 {258}. 

[For generally analogous behavior of C with n-valeryl chloride (3:7740), n-caproyl 
chloride (3:8168), n-heptanoyl chloride (3:8520), n-octanoyl chloride (3:8680) see {61}; 
with chloroacetyl chloride (3:5236) see {259}; with a-bromo-isovaleryl bromide see {260}.] 
_ C (asjSFaA) (2 moles) with COCI2 (3:5000) in CeHe at 130-180° under press. {261} or 
C (as KA) in cone. aq. soln. with COCI2 in toluene {262}, or C with trichloromethyl chloro- 
formate (diphsogene) (3:5515) -f* aq. NaOH {263}, gives di-(p-chlorophenyl) carbonate 
[Beil. VI-187], m.p. 147° {263}, 144-145° (264). 

Esters of aromatic organic acids (see also below under ®^s). 

p-Chloro phenyl benzoate: from C with benzoyl chloride (3:6240) {265} (for study of rate 
at 25° sec {268}) in pres, of aq. NaOH (252} {266} {267}; m.p. 87-87.5° {138}, 87° u.c. (252}, 
86° {266} {267}, — Note that this prod, with AICI3 undergoes Fries rearr. giving (140} 
4-chloro-2-benzoylphenol (5-chloro-2-hydroxybenzophenone), m.p. 95.0-95.5° {138}, 94-95° 
{139}, 94° {137}, 93-94° {140} (corresp. benzoate, m.p. 112° {139}). 

p-Chlorophenyl dnnamale: from C with cinnamoyl chloride (3:0330) (68% yield {260}) 
m.p. 105° {260} {269}. 

j>-Chlorophenyl methyl ether (^-chloroanisole) : oil. (See 3:6300.) 

^-Chlorophenyl ethyl ether ()>-chlorophenetole) : m.p. 20-21°. (See 3:0090.) 

. — ^ ^-Chlorophenyl acetate: m.p. 7-8° {252}. [For further details see above under 
esters of C with aliphatic organic acids.] 

(g) ^-Chlorophenyl benzoate: m.p, 87.0-87.5° {138}, 87° u.c. {252}, 86® {266} {267}. 
[From C with benzoyl chloride in pres, of aq. NaOH {252} {266} {267} (see also above 
under esters of C with aromatic organic acids).] 

^-Chlorophenyl o-nitrobenzoate; unreported. 

(g ^-Chlorophenyl m-nitrobenzoate: m.p. 124.5° {252}. [From C with m-nitrobcnzoyl 
chloride + aq. NaOH {252}.] 

(g ^-Chlorophenyl j^-nitrobenzoate: m.p. 171® {270}. 

(g ^-Chlorophenyl 3,5-dinitrobenzoate: m.p. 186® {271}. 

^-Chlorophenyl benzenesulfonate: unreported. 



79 


SOLIDS 


3:0475 


^-Chlorophenyl ^-toluenesulfonate: unreported. 

(g) ^-Chlorophenyl benzyl ether; ndls. from ale., m.p. 71® (272), 70-71® (273). [Note, 
however, that C with benzyl chloride (3:8535) + AICI 3 gives not only this prod, but 
also (273) cf. (274) some Fries rearr. prod., viz., 4-chloro-2-benzylphenol (5-chloro* 
2-hydroxydiphenylmcthane), m.p. 48-49° (273), 48.5® (274) (corresp. benzoate, m.p. 
54-55°, benzcnesulfonatc, m.p. 68-69°, p-toluenesulfonate, m.p. 75.0-75.5° (273)).] 

® ^-Chlorophenyl p-nitrobenzyl ether: cryst. from ale., m.p. 101.3® (275). [From 
C + p-nitrobenzyl chloride (m.p. 71°) (or p-nitrobenzyl bromide, m.p. 99°) in ale. 
NaOEt (275).] 

® ^-Chlorophenyl 2,4-dinitrophenyl_ether: yel. tbls. from 1:2 EtOH/AcOH, m.p. 126® 
(235), 123° (230). [From C (as KA (230) or NaA (235)) with 2,4-dinitrochlorobenzene 
(m.p. 51°) on htg. (97% yield (230)).] 

® ^-Chlorophenoxy acetic acid (3:4375): pr. from hot aq., m.p. 156.7-157.2® cor. (279), 
155-156.5° u.c. (276), 1.55-156° (277), 154-155° (278). [From C with chloroacetic 
acid in aq. alk. (279) (276) (277) (278).] 

^-Chlorophenyl Af-phenylcarbamate; cryst. from ale., m.p. 138° (280), 137-138® 

(263). [From C (as NaA) with phenylisocyanide dichloride on htg. (280); note, 
however, prepn. from C -f- phenyl isocyanate has not been reported. 

® j)-Chlorophenyl N-(/>-bromophenyl) carbamate: white pi. from CeHe/EtOAc, m.p. 

196- 197° cor. (281). [From C with />-bromobenzazide (281) in Igr. (281).] 

® ^-Chlorophenyl N-(^-iodophenyl) carbamate: m.p. 214-215° (282). [From C with 
p-iodobenzazide (282) in Igr. (282).] 

® ^-Chlorophenyl ^-(m-nitrophenyncarbamate: white pi. from Igr., m.p. 136° u.c., 
139° cor. (283). [From C with m-nitrobenzazide (283) or w-nitrophenyl isocyanate 

(283) in Igr. (283) ] 

® ^-Chlorophenyl N-(^-nitrophenyl)carbamate: pale yel. rods from Igr., m.p. 196® cor. 

(284) . [From C with p-nitrobenzazide (284) in Igr. (284).] 

® ^-Chlorophenyl N-(3,6-dinitrophenyl)carbamate: yel. pi. from CeHe/EtOAc, m.p. 

197- 198° (285). [From C with 3,5-dinitrobenzazide (285) in Igr. (285).] 

® ^-Chlorophenyl iV-(3,5-dinitro-4-methylphenyl)carbamate: pale yel. pi. from Igr., 
m.p. 206-207° u.c., 212-213° cor. (286). [From C with 3,5-dinitro-4-methylbenzazide 
(286) in Igr. (286).J 

® ^-Chlorophenyl AT- (a-naphthyl) carbamate: m.j). 165-166° (287). [From C with 
a-naphthyl isocyanate in Igr. (287).] 

® ^-Chlorophenyl iV-(ia-naphthyl) carbamate: pi. from Igr., m.p. 165-166° u.c., 169- 
170° cor. (288). [From C with /3-naphthyl isocyanate (288) in Igr. (28$).] 

® )>-Chlorophenyl N,N-diphenylcarbamate: m.p. 97° (289). [From C with NyN^ 
diphenylcarbamyl eliloride (289).] 
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Lutz, J. Am. Chem. Soc. 60, 1365-1368 (1938). (178) Kent, Smiles, J. Chern. Soc. 1934, 426. 

(179) Krishna, J. Chem. Soc. 123, 2785 (1923). (180) M.L.B., Ger. 158,091, Jan. 21, 1905; Cent. 

1906, I 478. 

(181) F. Dunning, B. Dunning, W. Drake, J. Am. Chem. Soc. 63, 3466-3469 (1931). (182) 

Richter, Ber. 49, 1024-1025 (1916). (183) Muth (to I.G.), Ger. 568,944, Jaii. 1, 1933; Cent. 

1933, I 2280, C.A. 27, 2696 (1933). (184) Gazdar, Smiles, J. Chem. Soc. 97, 2251-2252 (1910). 

(185) Hilditch, Smiles, J. Chem. Soc. 99, 416 (1911). (186) I.G., Biit. 349,004, June 18, 1931; 

Cent. 1932, I 313; [C.A. 26, 2026 (1932)]. (187) Petersen, Baehr-Predari, Ann. 157, 126-128 

(1871). (188) Fau.st, Ber. 6, 1022-1023 (1873). (189) Boohiinger und Sohne, Ger. 269,544, 

Jan. 22, 1914; Cent. 1914, I 591 -592; [C.A. 8, 2221 (1914)]. (190) Bayer and Co., Ger. 249,939, 

Aug. 1, 1912; Cent. 1912, II 655; [C.A. 6, 3329 (1912)]. 

(191) Burroughs (to Pennsylvania CoiJ PiodutJts Co.), U.S. 2,041,592, May 19, 1936; Cent. 
1937, I 1016; C.A., 30, 4513 (1936). (192) Blanksma, Chem. Weekhlad 5, 93-95 (1908); Cent. 

1908, I 1051; C.A. 2, 1700 (1908). (193) Tijmstra, Chem. WeekUad 5, 96-101 (1908); Cent. 

1908, I 1051; C.A. 2, 1700- 1701 (1908). (194) Fierz-David, Stamm, Uelv. Chim. Acta 25, 3()4- 

370 (1942); C.A. 36, 5469 (1942). (195) Impeiia) C'hem. Ind., Ltd. and Palmer, But. 381,237, 

Oct. 27, 1932; Cent. 1933, 1 675, C.A. 27, .3946 (1933). (196) A.G.F.A., Ger. 205,415, Dee. 28, 

1908; Cent. 1909, I 600; [C.A. 3, 1695 (1909)]. (197) WohUeben, Ber. 42, 4373 (1909). (198) 

Murray, Gordon, J. Am. Chem. Soc. 57, 110-111 (1935). (199) Kuhn, Wasserrnann, Hch. 

Chim. Acta 11, 27 (1928). (200) Jenkins, J. Chem. Soc. 1939, 1139. 

(201) Baddeley, Bennett, Glasstono, Jones, J. Chem. Soc. 1935, 1827-1830. (202) Mizutani, 

Z. physik. Chem. 118, 326 (1925). (203) Mizutani, Z. phystk. Chem. 118, 331 (1925). (204) 

Schwarzenbach, Egli, Helv. Chim. Acta 17, 1176-1182 (1934). (205) Naegeh, KoWnd-Chem, 
Beihcfte 21, 344,387 (1926). (206) Haiitz.sch, Mai, Ber. 28, 978 (1895). (207) Sehulkc-Mayr, 
Flemming, Ger. 247,410, May 5, 1929; Cent. 1912, II 165; [C.A. 0, 2()74 (1912)]. (208) Perrier, 

Bull. soc. chim. (3) 15, 1183 (1896). (209) Benedict (to Universal Oil Products Co.) U.S. 2,051,- 

814, Aug. 25, 1936; Cent. 1937, I 495; [C.A. 30, 6938 (193())]. (210) Vorhees (to Standard Oil Co. 

of Indiana), U.S. 2,196.281, April 9, 1940; 1942, I 701, C.A. 34, 5275 (1940). 

(211) Jones, J. Chem. Soc. 1942, 418-420. (212) Bradfield, Jones, Orton, J. Chem. Soc. 1929, 

2816. (213) Bradfield, Jones, J . Chem. Soc. 1929, 3081. (214) Jones, J. Chem. Soc. 1935, 1834. 

(215) Ernst, Berndt (to I.G.), Ger. 513,679, Dec. 1, 1930; Cent 1931, I 1011-1012, [C.A. 25, 18^11 
(1931)]. (216) Claisen, Eisleb, Ann. 401, 34-38 (1913). (217) Bartz, Miller, Adams, J. Am. 

Chem. Soc. 57, 371-376 (193.5). (218) Boyd, Marie, J. Chem. Soc. 105, 2123, 2136 (1914). 

(219) Boyd, Thomas, J. Chem. Soc. 115, 1242 (1919). (220) Bayer and Co., Ger. 282,991, March 

24, 1915; Cent. 1915, I 815; C.A. 9, 2568 (1915). 

(221) Poulenc Frercs, Fourneau, Ger. 219,325, Feb, 23, 1910; Cent. 1910. I 974; [C.A. 4, 2029- 
2030 (1910)]. (222) Ehlotzky, Monatsh. 30, 664-665 (1909). (223) Niouwland, Vogt, Foohey, 

J. Am. Cfiem. Soc. 53, 1023 (1930). (224) Ruhemann, Ber. 54, 918,921 (1921). (225) Suter, 

Green, J. Am. Chem. Soc. 59, 2579 (1937). (226) Brewster, Stevenson, J. Am. Chem. Soc. 62, 

3144-3146 (1940). (227) Langham, Brewster, Gilman, J. Am. Chem. Soc. 63, 545-549 (1941). 

(228) Mailhe, Murat, Compl. rend. 154, 601-603 (1912); Bull. soc. chmi. (4) 11, 329-331 (1912). 

(229) LeFevre, Saunders, Turner, J. Chem. Soc. 1927, 1170-1173. (230) Raiford, Colbert, 

J. Am. Chem. Soc. 48, 2659-2660 (1926). 

(231) McCombie, Macmillan, Scarborough, J. Chem. Soc. 1931, 533-534. (2.32) Roberts, 

Turner, ./. Chem. Soc. 127, 2007-2008 (1925). (233) Scarborough, J. Chem. Soc. 1929, 2364- 

2365. (234) Hester (to Rohm and Haas Co.), Ger. 703,189, Jan. 30, 1941; C.A. 36, 212 (1942). 

(235) Bost, Nicholson, J. A 771 . Chem. Soc. 57, 2368-2369 (1935). (236) Fox, Turner, J. Chem. 

Soc. 1930, 1119-1120. (237) Richter, Ber. 49, 2344 (1916). (238) B.A.S.F., Ger. 303,033, 

Jan. 14, 1918; Cent. 1918, I 499-500; C.A. 13, 324 (1919). (239) Michaelis, Kaohne, Rocholl, 

Ber. 31, 1053 (1898). (240) Strecker, Grossmann, Ber. 49, 85 (1916). 

(241) Breusch, Keskin, Rev. faculti sci. univ. Istanbul, 7A, 182-189 (1942); C.A. 38, 1483 (1944). 
(242) Autenrieth, Ber. 30, 2375-2377 (1897). (243) Autenrieth, Vamossy, Z. physiol. Chem. 25, 

446 (1898). (244) A.G.F.A., Ger. 246,871, May 11, 1912; Cent. 1912, 1 1875; [C.A. 6, 2497 (1912)]. 

(245) Rosenmund, Vogt, Arch. Pharm. 281, 317-327 (1943); C.A. 38, 5804-5805 (1943). (246) 

Anschfitz, Molineus, Ann. 415, 53 (1918). (247) Kekul6, Ber. 6, 944 (1873). (248) Zetsche, 
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Nachmann, Hch. Chim. Acta 9, 425-427 (1926). (249) Kekul6, Barbaglia, Ber. 5, 877 (1872). 

(250) Kosolapoil, J. Am. Chem,. 8oc. 64, 2982-2983 (1942). 

(251) Luchiiiskii, J. Gen. Chcm. (U.S.S.R.) 7, 2044-2047 (1937); Cent. 1938, I 3909; C.A. 83, 
519 (1938). (252) Wohlleben, B«r. 43, 4372-4373 (1909). (253) SeeUg, J. prakt. Chem. (2) 39, 

175 (1889). (254) Karrer, Yen, Reichstein, Helv. Chim. Acta 13, 1315 (1930). (255) von Auwers, 

Wittig, Ber. 57, 1275 (1924). (256) Nencki, Stoeber, Ber. 30, 1769 (1897). (257) Chakravarti, 

Majumdar, J. Indian Chem. Sac. 15, 137 fl938). (258) von Auwers, Baura, Lorenz, J. prakt. 

Chem. (2) 115, 91-92 (1927). (259) Fries, Hasselbach, Schroder, Ann. 405, 368-370 (1914). 

(260) Skraup, Beng, Ber. 60, 946, 948 (1927) 

(261) von Heyden, Ger. 81,375, FriedUinder 4, 1117 (1894-1897). (262) Barral, Morel, BvU. 

soc. chim. (3) 31, 722-727 (1899). (263) Melnikow, J. prakt. Chem. (2) 137, 236-237 (1930). 

(264) Barral, Compt. rend. 136, 90S (1898); 138, 910 (1904). (265) Mosso, Jahresher. 1887, 1301. 

(266) Autenrieth, Miihlinghaus, Ber. 39, 4102 (1906). (267) Autenrieth, Arch. Pharm. 333, 41 

(1895). (268) Bernouilli, St. Goar, Helv. Chim. Acta 9, 754-755 (1926). (269) Anschiitz, Ber. 60, 

1322 (1927). (270) I.G., Danish 59,316, Dec. 22, 1941; Cent. 1943, II 812, not in C.A. 

(271) Tseng, Ph.D. Thesis, M.I.T. (unpublished). (272) Baw, J. Indian Chem. Soc. 3, 104 
(1926). (273) Huston, Guile, Chen, Headley, Warren, Baur, Mate, J. Am. Chem, Soc. 55, 

4641-^642 (1933). (274) Klarnianii, Gates, Shternov, J. Am. Chem. Soc. 54, 3323 (1932). 

(275) Lyman, Reid, J. Am. Chem. Soc. 43, 616 (1920). (276) Koelsch, J. Am. Chem. Soc. 53. 

304-305 (1931). (277) Minton, Stephen, J. Chem. Soc. 131, 1600 (1922). (278) Behaghel, 

J. prakt. Chem. (2) 114, 297-298 (1926). (279) Hayes, Branch, J. Am. Chem. Soc. 65, 1555 

(1943). (280) Hantzsch, Mai, Ber. 38, 979-980 (1895). 

(281) Sail, Cheng, Rec. trav. chim. 58, 592-593 (1939). (282) Sah, Young, Rec. trav. chim. 59, 

357 363 (1940); C.A. 35, 4363 (1941). (283) Sah, Woo, live. trav. chim. 58, 1014-1015 (1939). 

(284) Sah, Cheng, Rec. trav. chim. 58, .596-597 (1939). (285) Sah, Ma, ./. Chinese Chem. Soc. 3, 

230-231 (1934). (286) Sah, Rec. trav. chim. 58, .587-588 (1939). (287) French, Wirtel, J. Am. 

Chem. Soc. 48, 1736-1739 (1926). (288) Sah, AV^c. trav. chim. 58, 154-458 (1939). (289) Korezyn- 

ski, Gazz. chim. ital. 53, 96 (1923). 


3: 0480 4-CHLORO-6-ISOPROPYL.2-METHYLPHENOL CioHi/)Cl Beil. VI — 

(p-(5)Chlorocarvacrol) Cl VIi — 

(CH3)2CII— <( VI2 -(494 ) 

Oil 

M.P. 43-43® (1) B.P. 158® at 52 mm. (2) 

138-140® at 12 mm. (3) 

135 136° at 12 mm. (1) 

Volatile with steam. 

[For prepn. of C from 2-hydroxy-p-cymene (carvacrol)(l : 1760) with CI2 (4) or with 
SO2CI2 (1) see indie, n^fs.; from 4-<!hloro-5-isopropyl-2-methyl-aniline (5-chloro-2-amino- 
7>-cymene) (2) via diazotization and subscciiumt hydrolysis see (2); from 5-amino-2-hydroxy- 
2>-oymcne (5-aminocarvacrol) via diazotization and subsequent reaetii. with aq. HCl ■+* Cu 
powder see (3); from 4-chloro-2-mc'thylphenol (/>-ehloro-o-eresol) (3:0780) by reactn. with 
isopropyl ale. -f H2SO4 at 80° or in decahn soln. with propylene -f AICI3 see (5).] 

[C hits outstanding bactericidal properties and is used ('‘ Carvasept ” (6)) as disinfectant, 
antiseptic, germicide, preservative (7), and anthelmintic (8) (9); for reviews of bactericidal 
actn. see (10) (11) (12) (13).] 

[For solubilization of C with soap solus. (14) and use of C in soap solns. as disinfectant 
see (14) (15) (16); for prepn. of esters of C, e.g., the carbonate, m.p. 83-84° (from C + dil. 
aq. NaOH 4- phosgene), or the salicylate, m.p. 60-j61° (from C + salicylic acid + POCI3), 
see (17); for mercuration of C sec (18); for use of C in mouth wash see (19).] 

® 4-Chloro-6-isopropyl-2-methylphenyl ethyl ether: m.p. 54-56° (17). [From C in 
dil. aq. NaOH with Et2S04 (17).] 

® 4-Chloro-6-isopropyl-2-methylphenoxyacetic acid: m.p. 166-161° (17). [From C in 
dil, aq. NaOH with chloroacetic acid (17).] 
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3:0480 (1) Chem. Fabrik von Heyden, A.G., French 736,304, Nov. 22, 1932; Cent. 1033, 1663. 
(2) Wheeler, Giles, J. Am. Chem. Soc. 44, 2608 (1922). (3) Philipp (to Chem. Fabrik von Heyden, 

A.G.), Ger. 622,062, Mar. 30, 1931; Cent. 1931, II 123. (4) Momm, Brit. 411,430, July 6, 1934; 

Cent. 1934, II 2104. (5) Giinther (to I.G.), Ger. 495.717, April 10, 1930; Cent. 1930, II 984. 

(6) Kuhn, Arch. Hyg. 105, 18-28 (1930), (7) Philipp (to Chem. Fabrik von Heyden, A.G.), Ger. 
628,767, Feb. 16, 1936; Cent. 19^, I 3613. (8) Lamson, Stoughton, Buss, J. Pharmacol. 66, 
60-62 (1936); Cent. 1638, I 2213; C.A. 30, 3888 (1936). (9) Kochmann, Arch, exptl. Path. 

Pharmakol. 161, 196-206 (1931); Cent. 1931, II 2030; C.A. 26, 1339 (1932). (10) Heading, 

Pharm. J. 138, 321-322 (1937); Ch&misl and Druggist 126, 392-393 (1937); Cent. 1937, II 2208. 

(11) Weichardt, Milnch. Med. Wochschr. 78, 1515-1516 (1931). (12) Kuhn, Med. Klin. 28, 

790-791 (1932); Cent. 1932, II 1036; Med. Klin. 26, 1047-1048 (1930); Cent. 1930, II 2282. 
(13) Hermann, Pharm. Zentralhalle 72, 613 (1931); Cent. 1932, 1 1266. (14) Hueter, Engelbrecht 

(to “ Unichem ” Chemikalien Handels, A.G.), U.S. 2,267,101, Dec. 23, 1941; C.A. 36, 2376 (1942). 
(16) Deutsche Hydricrwerke, A.G.. French 823,289, Jan. 18, 1938; Cent. 1938, I 2587. (16) 

Gelinsky, Ger. 649.126, Aug. 16, 1937; Cent. 1937, II 3627. (17) Philipp (to Chem. Fabrik von 

Heyden). U.S. 1,957,908, May 8, 1934; Ger. 541,316; June 30. 1934; Cent. 1934, II 2104; C.A. 28, 
4180 (1934). (18) Christiansen (to E. R. Squibb and Sons), U.S. 2,252,705, Aug. 19, 1941; 

C.A. 36, 7667 (1941). (19) Pepsodent Co., Brit. 352,397, April 3, 1929; C.A. 27, 375 (1933); 

French 693,083, Nov. 14, 1930; Cent. 1931, I 1481. 

3 : 0485 DIMETHYL d,/-a,a'-DICHLOROSUCCINATE C 6 H 8 O 4 CI 2 

(Dimethyl aW<>-dichlorosuccinate; COOCH 3 

dimethyl isodichlorosuccinate) I 

H — C — Cl 

Cl— i— H 

ioOCHa 

M.P. 43* (1) B.P. 116.6-130.6“ cor. at 12.6 mm. (2) 

42-43“ (2) 105“ at 3 mm. (1) 

[For prepn. of C from d,i-a,a'-dichlorosuccinic acid (3:4711) in MeOH with H 2 SO 4 at 
ord. temp, sec (3); from dimethyl d, /-tartrate (1:2385) (1) or from dimethyl low-melting 
/9-chloro-d,/-maIate [Beil. III-438, IIl2-(290)J ( 2 ) with SOCI 2 in pyridine see indie. refs.J 
C with dimethylaniline loses 1 HCl yielding ( 1 ) dimethyl chlorofumarate (3:6582). 

3:0485 (l) Darzens, S6journe, Compt. rend. 154, 1616 (1912). (2) Kuhn, Wagner-Jauregg, 

Ber. 61, 514 (1928) . (3) Holmberg, Arkiv. Kemi, Mineral. Geol. 8, No. 2, 17, 33 (1920) ; Cent. 192i, 

I 820; C.A. 16, 2116 (1922). 

3:0490 2,6>DICHLOROBENZAL (Dl)CHLORIDE C 7 H 4 CI 4 Beil.V-302 

Cl Vi— 

V2-(234) 


M.P. 43° (1) B.P. 118-120° at 14 mm. (1) 

42° (2) (3) 

Cryst. from CHCh; very eas. sol. org. solvents but spar. sol. in aq. — C has faint but 
not disagreeable odor. — Volatile with steam. 

[For prepn. of C from 2,5-dichlorobenzaldehyde (3:1145) with PCU (78% yield ( 1 )) 
or with CISO 3 H in CHCI 3 (3) see indie, refs.; from 2,5-dichlorotoluene (3:6245) at b.p. 
with CI 2 see ( 2 ).] 

C on hydrolysis, e.g., by protracted refluxing (56 hrs.) with aq. + CaC 03 ( 2 ), or by treat- 
ment with fumg. H 2 SO 4 (3), yields 2 , 5 -dichloroben 2 aldehyde (3:1145). [For study of 
late of hydrolysis in 50% ale. at 83.5° see (1).] 

3:0490 ( 1 ) Asinger, Lock, Monatah. 62, 336-337 (1933). (2) de Crauw, Rec. trav. chim. 50, 773 
(1931). (3) Gnehm, Schiile, Ann. 299, 369-360 (1898). 


yCRCh 

ci 


Beil. II — 
ni-(267) 
n2-(557) 



CHAPTER III 

DIVISION A. SOLIDS 

(3:0500-3:0999) 


3: 0680 ISOPHTHALYL (DI)CHLORIDE 
(Isophtbuluyl dichlorido) 



CgHiOgCb 


Beil. IZ - 834 
lXr(378) 






C-=0 

1 

M.P. 


B.P. 


6 \ 

43-44“ 

(1) 

276° 


(3) Df 

43-43“ 

(2) 

200° (?) 

at 16 mm. 

(7) 

41-43“ 

(18) 

156° 

at 16 mm. 

(8) 

41“ (3) (4) 

142.6-143° 

at 14 mm. 

(5) 

40.5-41‘ 

’ (5) 

143-144° 

at 13 mm. 

(2) 

40° 

(6) 

136° 

at 11 mm. (18) 


r>f •* = 1.3878 (9) 


ng ® = 1.56999 (9) 


Prisms from pet. ether. 

[For prepn. of C from isophthalic acid (1:0900) with PCU (3) in a s.t. at 200® (10) or 
in POCI3 (8) SCO indie, refs.; with AcCl (3:7065) in s.t. at 130® for 8 hrs, see (1); with 
8OCI2 (yield: 100% (6), 92% (18), 67% (2), 62% (7)) (5) see indie, refs.; for prepn. of C 
from l,3-?Hs-(trichloromcthyl) benzene by partial catalytic hydrolysis sec (4) (17).] 

C with excess McOH yields (11) dimethyl isophthalate (1:2244), m.p. 67-68°; cf. also 
under isophthalic acid (1:0900); C with exee.ss phenol yields (3) diphenyl isophthalate, 
m.p. 120° (3). 

[C on cat. hydrogenation in xylene with Pd cat. as specified (12) gives 8il% yield isoph- 
thalaldehyde [Beil. VlI-675, VlIi-(364)], cryst. from ale., m.p. 88-89° (12) (dioxime, 
m.p. 178°; 6is-phenylhydrazone, m.p, 242-244° (12)).] 

[C with AICI3 + benzene yields (13) 1 ,3-dibenzoylbenzene (isophthalophenone) [Beil. 
VII-829, VIIi-(443)l, m.p. 100-101° (dioxime, m.p. 70-75° (10)); for corresp. reactn. of 
C with m-xylene (1 :7420) see (14); for corresp. reactn. of C with anisole (1 :7445) see (15).] 
[For reactns. of C with ethyl sodio-acetoacctate sec (8) and with ethyl sodio-cyanoacetate 
see (16).] [For behavior of C with diazomethane see (18).] 

C on hydrolysis yields isophtlialic acid (1:0900) q.v. for further characterization. 

3 : 05!30 (l) Liebermann, Kardos, Bcr. 46 , 211 (1913). (2) Reindol, Siegel, Ber. 56 , 1554 (1923). 
(3) Schreder, Ber. 7 , 708 (1874). (4) I.G., French 820,697, Nov. 16, 1937; Cent. 1938 , I 1661; 

C.A. 33 , 3422 (1938). (5) Kohlrausch, Pongratz, Stockmair, Monatsh, 67 , 109 (1935). (6) 

Meyer, MonaUh. 23 , 436 (1901). (7) McMaster, Ahmann, J. Am. Chem. Soc. 50 , 148 G928). 
(8) Ruggli, Gassenmeier, Helv. Chirn. Acta 33 , 499-500 (1939). (9) von Auwers, Schmidt, Ber. 

46 , 484 (1913). (10) MUnchmeyer, Ber. 19 , 1848-1849 (1886). 

(11) Baeyer, Villiger, Ann. 376 , 258 (1893). (12) Roaenmund, Zetsche, Ber. 54 , 2890 (1921). 

(13) Ador, Ber. 13 , 320 (1880). (14) Clar, John, Hawran, Ber. 63 , 945 (1929). (15) Weiss, 

Chledowski, Monatsh. 65 , 358, 362 -363 (1935). (16) Sacher, BulCsoc. chim. (3) 11 , 1097 (1894). 
(17) I.G., Ger. 708,149, June 5, 1941; C.A. 37 , 2746 (1943). (18) RuggU, Knecht, Hdv. chim. 
Acta 37 , 1108-1115 (1944) ; C.A. 39 , 4857 (1945). 
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3:0525 16-CHLOROHEXADECANOL-l CieHasOCl BeU. S.N; 34 

(cj-Chloro-n-hexadecyl alcohol; CH2 — (CH2)i4.CH20H 

w-Chloropalmityl alcohol) 

M.P. 43® <1) 

Colorless cryst. from It. pet. 

[For prepn. of C from a,w>hexadecamethylene glycol [Beil. l2-(565)] (m.p. 87-88® (1)) 
with SOCI2 + dimethylaniline in Celle (60% yield) see (1); note that a little 1,16-dichloro- 
hexadecane, cryst. from McOH, m.p. 47®, is also formed.] 

3:0535 (l) Bennett, Gudgeon, J. Chem. Soc. 1938, 1679--1G81. 


3:0535 


METHYL j!>-CHLOROBENZOATE 



C8H7O2CI 

OOCH3 


M.P. 44® (1) 

43-43.5® (2) <6) 

43® (3) (4) 

43® (5) 

34® (9) 


Beil. rX - 340 

Ki- 


[For prepn. of C from p-chlorobonzoic acid (3:4940) with MeOH + HCl (2) or MeOH + 
H2SO4 (2) (6) see indie, refs.; from AgA + Mel in s.t. at 100° see (5); from p-clilorobenzoyl 
chloride (3:6550) with MeOH sec (3).] 

C on htg. with sirupy H3PO4 at 200® yiehls <7) /Mjhiorobenzoic acid (3:49C0), dimethyl 
ether, and probably some /Mjlilorotoluene (3:8287). 

C added to 5-6 pts. very cone. HNO:j at 0°, poured onto ice, yields (3) methyl 4-chloro- 
3-nitrobenzoato [Beil. IX-402], cryst. from MeOH, m.p. 83® (3). 

[C with Na + methyl acetate condenses giving (60% yield (6)) methyl 7>-chlorobenzoyl- 
acetate, b.p. 172® at 12 mm., m.p. 36-37° <6); this prod, with excess phenylhydrazine in 
ale. + AcOH gives on htg. 3-(p-chlorophenyl)-l-phenylpyrazolone-5, or. cryst. from 
AcOH, m.p. 140° <6); corresp. prod, from p-nitrophcnyl hydrazine, m.p. 200-205° (6).] 

C on hydrolysis (Sap. Eq. — 170.5) yields methyl alcohol (1:6120) -h p-chlorobenzoic 
acid (3:4940). [For studies of hydrolysis under various cond. see (2) (4).] — For the 
amide, anilide, p-toluidide, and other derivs. corresp. to C sc(^ y>-chlorobcnzoic acid (3:4940). 

3:0535 (1) Jaeger, Z. Krist. 43, 22 (1907). (2) Kolias, Z. physik Chem. 34, 243-252 (1897). 

(3) Montague, Rec. trav. chim. 19, 55-56, 61 64 (1900). (4) Junes, McCombic, Scarborough, 

J. Chem. Soc. 133, 2694-2697 (1923) (5) Emmeiling, Her. 8, 883 (1875). (C) W.ahl, Holland, 

Ann. chim. (10) 10, 9-12, 15- 17 (1928). (7) Raikow, TLschkow, Chem. Ztg. 39, 1269 (1905). 

(8) Berger, Rec. trav. chim. 43, 170 (1924). (9) Kahovec, Wagner, Alonatsh. 74, 285 (1943). 


3 : 0550 3,4-DICHLOROBENZALDEHYDE 


C7H4OCI2 

HO 


Beil. VII - 238 
vni-(134) 


M.P. 44® (1) B.P. 247-248® (2) 

43-44® <2) 

42.0-42.6° (3) 

Colorless ndls. from ale. <1), odor like benzaldehyde <2). — Eas. volatile with steam 
(2) <3). 

[For prepn. of C from 3,4-dichlorotoluene (3:6356) via chlorination to 3,4-dichlorobenzal 
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(di)chloride (3:6876) and hydrolysis of the latter with fumg. H2SO4 (5% SO3) (36% yield 
(3)), cone. H2SO4 (4), or CaCOa -f H2O (40% yield (3)) sec (2) (3) (4); for prepn. from 
4-chloro-3-nitrobenzaldehyde via reduction, diazotization, etc., see (1).] 

C with satd. aq. NaHSOs yields a cpd. C.NaHSOs (3). (Use in purification of C <3).l 
C on oxidn. with KMn04 yields (2) 3,4-dichlorobenzoic acid (3:4925), m.p. 201-202® (3). 
— C with cone. aq. KOH undergoes Cannizzaro reactn. yielding 3,4-dichlorobenzyl alcohol, 
ndls. from aq., m.p. 38® (3), and 3,4-dichlorobenzoic acid (see above). 

C on nitration as specified (5) (4) gives (71% yield (4)) 3,4-dichloro-6-nitrobenzalde- 
hyde [Beil. VIIi-(144)], yel. pr. from CeHe, m.p. 73® (5). [This product with NH4OH/ 
AgNOs is oxidized <4) to 3,4-dichloro-6-nitrobcnzoic acid, cryst. from Celle, m.p. 165® (6).] 
[For conversion of C to 3,4-dichlorostyrene (7) (8) cf. (9) via reaction with MeMgl giving 
(73% yield (7)) 3,4-dichlorophenyl-methyl-carbinol <7) (8) and dehydration of latter with 
KHSO4 (yields 83% (8), 64% (7)) see indie, refs.] 

(g) 3,4-Dichlorobenzaldoxime (anti form): m.p. 114-115® (2), 118-119® (1). [The syn 
isomer, ndls. from ale., m.p. 120® rap. htg., is converted by fusion (2) to the anti form.l 

3,4-Dichlorobenzaldehyde phenylhydrazone : unrecorded. 

(g) 3 4-Dichlorobenzaldehyde ^-nitrophenylhydrazone: or. ndls., m.p. 276-277° (1). 

3, 4-Dichlorobenzaldehyde 2 4-dmitrophenylhydrazone : unrecorded. 

3, 4-Dichlorobenzaldehyde semicarbazone: unrecorded. 

3:0550 (1) Hodgson, Beard, Chem. Soc. 1927, 25. (2) Erdmann, Schweehten, Ann. 260* 

72-73 (1890). (3) Kraay, Rec. trav. chim. 49, 1086 (1930). (4) Ruggli, Zaeslin, Lang, Helv. 

Chim. Af/o 21, 1248 (1938). (5) Hoechst Farbwerke, (ier. 254,467, Deo. 3, 1912; Cent. 1913, I 

199. (6) Ruggli, Zaeslin, Hdv. Cfiirn. Acta 19, 437 (1930). (7) Marvel, Overberger, Allen, 

Johnston, Saunder.s, Young, J. Am. Chem. Soc. 08, 863-864 (194G). (8) Brooks, J. Am. Chem. 

Soc. 66. 1295-1297 (1944). (9) Michalek, Clark, Chem. <& Eng. News 22, 1559-1663 (1944). 


3:0560 2,4-DICHLOROPHENOL OH 



C 6 H 4 OCI 2 BeU.VI-189 
VIi-(103) 
Vl2-(178) 


M.P. 


B.P. 



45° 

(1) (2) 

210.2-211.5® U.C. 

(18) 

= 1.4723 (8) 

43-44° 

(17) 

209-211® 

(6) (11) 


43° 

(3) (4) 

209-210®* 

(4) 



(16) (18) 

206-208® u.c. at 763 mm. (7) 


42° 

(S) 

106.2-107.6® at 14-16 mm. <3) 


41-42° 

(11) 





1.1729 <8) 


Colorless ndls. from CeHe. — C has unpleasant and persistent odor suggesting iodoform 
(1) (for study of strength of odor of aq. solns. of C see (1)). — C is spar. sol. aq. (100 g. 
aq. at 20® dis. 0.45 g. C), but is eas. sol. ale., ether, CeHc, or CHCI3. — C is volatile with 
steam; note, however, that from alk. soln. C is not volatile with steam (dif. and sepn. from 
2-chlorophenol (3:5980) or 4-chlorophenol (3:0475) (9)), although C is volatile with 
steam from aq. solns. contg. PbCOa (dif. and sepn. of C from 2,4,6-trichlorophenol (3 : 1673) 
<9)). — Note that comml. C often contains 2,4,6-trichlorophenol, and that C prepd. by 
chlorination of phenol may cont. 2,6-dichlorophenol (3:1595). 

[For prepn. of C from p-chlorophenol (3:0475) or o-chlorophenol (3:5980) with CI2 
(1 mole) in AcOH soln. (80% yield) see (6); from phenol (1:1420) with CI2 (2 moles) 
diluted with CO2 in AcOH and under these cond. giving exclusively C see (7).] 
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2,4-DICHLOROPHENOL 


[For formn. of C (together with other prods.) from phenol (1 : 1420) with CI2 (2 moles) 
(2) (1) (4) (10), with CI2 (2 moles) in alk. soln. (11) (12), with iV,Ar'-dichlorourea in HCl 
soln. <13), or with SO2CI2 (14) see indie, refs.; for formn. of C from salicylic acid (1 .0780) 
in excess aq. KOH with CI2 see (15); from 3,5-<lichloro-2-hydroxybenzoic acid (3,5-<lichloro- 
salicylic acid) (3:4935) on distn. with lime see (16) (17); from 2,6-dichloro-3-hydroxyben- 
zaldehyde (3:4160) in excess 50% aq. KOH on htg. at 80® (94% yield) see (5).] 

Nuclear substitution of C. C in AcOH with Br2 (1 mole) (7) (18), or in 50% AcOH 
with Br2 (1 mole) in AcOH (19), yields 6-bromo-2,4-dichlorophenol, ndls. from CeHe or 
It. pet., m.p. 68-69® (19), 68° (7) (18), b.p. 268® dec. (18), 204® at 19 mm. (19), 198® at 
15 mm. (19), 192® at 12 mm. (19) (corresp. methyl ether, m.p. 65® (7); corresp. 2,4-dinitro- 
phenyl ether, yel. Ifts. from ale., m.p. 140-141® (19); corresp. p-toluenesulfonate, m.p. 
82-83® (19)). — [This 6-bromo-2,4-dichlorophenol with excess Br2 in pres, of Fe powder 
and absence of aq. yields (20) 2,4-dichloro-3,5,6-tribromophenol, cryst. from AcOH, m.p. 
209® (20) (corresp. methyl ether, m.p. 143-144® (20), corresp. benzoate, m.p. 202° (20)).] 
C in aq. NaOH with I2 (1 mole) in aq. K1 yields (7) 2,4-dichloro-6-iodophenol, ndls. 
from dil. ale., m.p. 63° (7) (corresp. methyl ether, m.p. 35®, b.p. 278-285® u.c. (7)). 

C on nitration by soln. in cold fumg. HNO3, subsequently poured into aq. (4) cf. (21), 
yields 2,4-dichlgro-6-nitrophenol [Beil. VI-241, VIi-(122)), ycl. cryst. from ale., m.p. 
121-122® (4), 124® (22). 

Condensation reactions involving nuclear hydrogens. [C with formalin (1:0145) + 
cone. HCl -h cone. H2SO4 in pres, of stream of HCl gas at 35-40® (23), or C with trioxy- 
methylene 4- ACOH/H2SO4 at 50® (24), gives (54% yield (23)) 6,8-dichlorobenzodioxanc- 
1,3, volatile with steam, cryst. from MeOH, m.p. Ill® (24), 109-109.5® (23). — C with 
formalin (1:0145) + cone. HCl in stream of HCl gas at 50° for 36 hrs. gives (72% yield 
(23)) 3,5*<iichloro-2-hydroxybenzyl chloride, ndls. from pet. eth., m.p. 82-84® (23); this 
prod, on hydrol. with aq. at 50® yields (23) 3,5-dichloro-2-hydroxybenzyl ale., ndls. from 
aq., m.p. 80-81®, also formed as by-product of the dichlorobenzodioxane mentioned above.) 

[C with methylal (1:0105), methylene diacetate, or methylene (di)iodide in pres, of 
cone. H2SO4 or ZnCl2 (25) or C + formalin (1 :0145) with ACOH/H2SO4 (26) yields methyl- 
ene-6i5-(2,4-dichlorophenol) (2,2'-dihydroxy-3,5,3',5'-tetrachlorodiphenylmethane) ; for 
use of this prod, as mothproofing cpd., antiseptic, and seed disinfectant see (25) (26) (27) 
(28) (29) (30). — Note, however, that C (as Na salt) with methylene (di)chloride (3:5020) 
at 120-140° in s.t. for 6 hrs. gives (24) 6is-(2,4-dichlorophenoxy)methane, m.p. 98®. — 
C with SCI2 or S2CI2 4- AICI3 in CS2 or CCI4 yields (31) 2,2'-dihydroxy-3,5,3',5'-tetra- 
chlorodiphenyl sulfide, m.p. 188®. — For condens. of C with benzaldehyde o- (or p-) sulfonic 
acids and use of products tis mothproofing agts. see c.g. (26).] 

[C with phthalic anhydride (1:0725) + AICI3 at 150® for 2 hrs. yields (36) cf. (37) (38) 
2- (3',5'-dichloro-2-hydroxybenzoyl) benzoic acid, colorless Ifts. from ale., m.p. 204® cor. 
(36), which with cone. H2BO4 ring-closes to 2,4-dichloro-l-hydroxyanthraquinone, yel. 
ndls. from CeHe, m.p. 242° (36), 241-242® (39). — C with 4,5-dichlorophthalic anhydride 
(3:4830) -f- fumg. H2SO4 •+• H3BO3 at 195® yields (40) 2,6,7-trichloro-l,4-dihydroxyanthra- 
quinone (2,6,7-trichloroquinizarin) .] 

Reactions of the phenolic group of C (see also under ® below). C behaves as a weak 
acid: C is sol. in aq. alk. but largely pptd. by CO2. — Dissoc. const, at 25° in aq. is 31. X 10”^ 
(41) cf. (42). 

[For study of bactericidal prop, of C see (43); for use as insecticide in paper see (44); for 
prepn. and use of metal complexes as antiseptics see (45).] 

[6 with alkali metals gives corresp. alk. 2,4-dichlorophenolates ; K 2,4-dichlorophenolate 
with CO2 at 140° yields (15) 3,5-dicUoro-2-hydFoxybenzoic acid (3,5-dichlorosalicylic acid) 
(3:4936).] 
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[C with ethyl a-methylacetoacetate (1:1712) + P2O6 gives (14.6% yield (46)) 6,8- 
dichloro-2,3-dimethylchromone [Beil. XVIIi-(177)], ndls. from ale., m.p. 141®.] 

[0 in 20% aq. KOH htd. 2 hrs. at 100® with Me2S04 (22) cf. (1) yields 2,4-dichlorophenyl 
methyl ether (2,4-dichloroanisole) [Beil. VI-189, VIi-(103)], b.p. 232“233® cor. at 743.5 
mm.; m.p. 27-28® (47). — C with EtI K2CO3 in acetone refluxed 6-8 hrs. gives (90% 
yield (48)) 2,4-dichlorophenyl ethyl ether (2,4-dichlorophenetole), oil, b.p. 236-236® (48), 
236-237® (4) (for study of cleavage of this ether with HBr/AcOH see (48), for study of 
rate of formation see (49)). — C with allyl bromide + K2CO3 in acetone yields (50) allyl 
2,4-dichlorophenyl ether, b.p. 144-145® at 25 mm. (50).] 

2,4-Dichlorophenyl acetate: oil, b.p. 244-246® (4), 167-168® at 80 mm. (51). [From 

C with AcCl refluxed 40 min. (86% yield (51)); this ester with AICI3 at 170° for 40 
min. undergoes Fries rearr. giving (75% yield (51)) 3,5-dichloro-2-hydroxyacetophe- 
none, m.p. 95-96° (51).] 

® 2 4-Dichlorophenyl benzoate: cryst. from ale., m.p. 96.5° (5), 96° (1), 97® [Beil. 
IX-117]. [From C in dU. aq. NaOH shaken with BzCl (5) cf. (1).] [For study of 
nitration of this ester see (6).] 

® 2,4-Dichlorophenyl m-nitrobenzoate: ndls. from ale., m.p. 115-116® (6). [From 
C -f w-nitrobenzoyl chloride in dil. aq. alk.; for study of its nitration see (6).] 

2,4-Dichloropheny] j)-nitrobenzoate: unreported. 

2,4-Dichlorophenyl 3,6-dmitrobenzoate: unreported. 

2,4-Dichlorophenyl benzenesulfonate: unreported. 

® 2,4-Dichlorophenyl p-toluenesulfonate: pr. from ale., m.p. 125® (6). 

® 2,4-Dichlorophenyl benzyl ether: pr. from ale., ether, or pet. eth., m.p. 62° (52), 
61-62® (53), 60° (54), 59.0-59.5° (55). [From C -f benzyl chloride (3:8535) + 
NaOEt in hot ale. (53), or from Na salt of C + benzyl chloride in MeOH (56); note, 
however, that Na salt of C with benzyl chloride in toluene at 160° for 5 hrs. undergoes 
instead nuclear alkylation yielding (55) 2,4-dichloro-6-benzylphenol (3,5-dichloro-2- 
hydroxydiphenylmethane), cryst. from pet. eth., m.p. 77.0-77.6® (55).] 

® 2,4-Dichlorophenyl ^-nitrobenzyl ether: ndls. from ether, m.p. 148-150° (53). 

® 2,4-Dichlorophenyl 2,4-diiLitrophenyl ether: Ifts. from AcOH, AcOH/EtOH, or 
Eton, m.p. 119® (56), 118-119® (6), 118® (57). [From Na or K salt of C + 2,4- 
dinitrochlorobenzene refluxed in ale. (56) (6) (57).] 

® 2,4-Dichlorophenozyacetic acid (3:4095): cryst. from CeHe, m.p. 138® (58), Neut. 
Eq. == 221.0. [From C + chloroacetic acid in slight excess aq. NaOH, refluxed and 
then acidified (87% 3deld (58)); for studies on use of this prod, as plant hormone see 
(59).] 

2,4-Dichlorophenyl N-phenylcarbamate: unreported. 

® 2,4-Dichlorophenyl N(^iodophenyl)carbamate: m.p. 182-183® (61). [From C + 
p-iodobenzazide in hot Igr. (61).] 

® 2,4-Dichlorophenyl N’-(^bromophenyl)carbamate: rods from Igr./AcOEt, m.p. 
169® cor. (62). [From C -f p-bromobenzazide in hot Igr. (62).] 

® 2,4-Dichlorophenyl Af-(p-nitrophenyl)carbamate: yel. pi. from Igr./EtOAc, m.p, 
205® cor. (62). [From C + p-nitrobenzazide in hot Igr. (63).] 

® 2,4-Dichlorophenyl N-(3,6-dinitro-4-methylphenyl)carbamate: or.-yel. pr. from Igr. 
or EtOAc, m.p. 153° u.c., 157® cor. (64). [From C + 3,5-dinitro-4-methylbenzazide 
in hot Igr. (64).] 

2,4-Dichlorophenyl N-(ee-naphthyl)carbamate: unreported. 

® 2,4-Dichlorophenyl N-(/9-naphfhyl)carbainate: pi. from Igr., m.p. 162° u.c., 166° cor. 
(65). [From C + j^-naphthyl isocyanate (or azide) in hot Igr. (65).J 
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3:0563 l,8-DICHLOROPROPANONE-2 C 3 H 4 OCI 2 

(a,a'-Dichloroa(5etone, CH2 — C — CH2 

52/m.-dichloroacetone, I Jl 1 

6i«-(chloromethyl) ketone) ^ 


Beil. I - 655 

11- (344) 

12- (719) 


M.P. 

45 " < 1 ) ( 2 ) 

44" (16) 

43-44" (3) (8) 

43" (4) (19) 

43.5-4:3" (7) 
43.5" (5) (20) 

43-43" (4) (22) 


B.P. 

173.0-173.4" cor. at 769 mm. (4) 
173.6-173.0" cor. at 748 mm. (4) 
173.3-173.8" cor. (1) 

173-173" (3) 

173" (2) (9) (20) 

170-171" (6) 

170" (8) 

168-169" at 723 mm. (7) 


2 > 1 » = 


nl? 


1.3843 

1.3809 


(4) 

(4) 


1.47333 (4) 
1.47144 (4) 


Colorless this, or ndls. volatile even at ord. temp. — Vapors are lachrymatory; liquid 
blisters skin. — Appreciably sol. in aq. especially on warming, eas. sol. ale., ether. — 
Volatile with steam. 

[For prepn. of C from l,3-dichloropropanol-2 (glycerol a-dichlorohydrin) (3:5985) by 
oxidn. with Na2Cr207 + H2SO4 (68-75% yield (10)), with K2Cr207 -{- H2SO4 (1) (2) 
(4) (6) (7) (8) (9) (11) (generally poorer yields) see indie, refs, (note also that b.p. of C is 
very close to that of the precursor l,3-dichloropropanol-2 (3:5985), a fact which leads to 
some doubt as to the true yield of C in certain of the older reports); for prepn. of C from 
acetone (1:5400) with CI2 directly (12), in pres, of I2, F0CI3, or SbCls (yield; 28% C ac- 
companied by 48.6% wa67ym.-dichloroacetone (3:5430) (13)), in pres, of NiC^ at 70" (other 
prods, are also formed (14)), or in pres, of aq. -f CaCOa (3deld: 10% C accompanied by 
other prods. (16)) (4) (15), see indie, refs.l 

[For prepn. of C from opiclUorohydrin (3-chloro-l, 2-epoxypropane) (3:5358) with 
S2CI2 (yield: 33% C accompanied by 67% l,3-dichloropropanol-2 (3:5985) (17)), from 
ethyl 7-(a)-chloro-a(7)-ethoxyacetoacctatc (18) or from ethyl a,7-dichloracetoacctate 
(19) by ketonic cleavage with HCl, from allene (propadiene) (20) or l,2-dichloropropene-2 
(21) with HOCl, or from 1 ,3-diiodoacctone on digestion with AgCl (22) cf. (3) see indie, 
refs.] 

[G on reduction with yeast gives (53% yield (2)) l,3-dichloropropanol-2 (3:5985), 
b.p. 178" (2). — C with Zn -f- AcOH does not give acetone but yields (23) a gas formerly 
supposed to have boon cyiHopropanone (since it yielded with semicarbazide a semicarbazone, 
m.p. 156" (23)) although in the light of later work (24) (25) (26) this now appears very 
doubtful. — For polarographic study of reduction potential of C see (27).] 

C with aq. alk. presumably yields 3-chloropropanono-2-ol-l [Beil. 1-823] and/or propa- 
none-2-diol-l,3 (dihydroxyacetone) [Beil. 1-846, li-(428), l2-(889)] since C readily reduces 
Fehling’s soln. (28). 

C with satd. aq. NaHSOa soln. yields a NaHSOa cpd. which seps. with 2)^ H2O (1), 
3 H2O (7). — C with aq. K2SO3 soln. yields (30) corresp. salt of acetonc-a,a'-disulfonic acid 
[BeH. IV2-(530)]. 

[C with KOAc (slightly more than 1 mole) in boilg. AcOH gives (48% yield (29)) chloro- 
acetylmethyl acetate, b.p. 112-114° at 16 mm. (29). — C with K benzoate refluxed in ale. 
yields (23) 1,3-dibenzoyloxyacetone, long ndls. from ale., but m.p. not reported.l 

[C in dry MeOH treated with HCl gas gives (84.5% yield (31)) 1,3-dichloroacetone 
dimethylketal, cryst. from MeOH, m.p. 81.5° (31); C in abs. EtOH similarly treated gives 
(smaller yield (31)) 1,3-dichloroacetone diethylketal, m.p. 28" (31). — For reactn. of C 
with ethylene glycol see (32).] 
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[C with equal wt. ethyl mercaptan gives (34% yield (33)) l,3-6t8-(ethylmercapto)- 
propanone-2^ b.p. 117-121® at 15 mm. (33) (corresp. semicarbazone, m.p. 98-99®), but 
C with large excess ethyl mercaptan (4 wt. pts.) gives also l,2,2,3-tetra(ethylmercapto)- 
propane, oil (33). — C (1 mole) with benzyl mercaptan (2 moles) in ale. NaOH yields 
(34) l,3-6i»-(benzylmercapto)propanone-2, oil, which on oxidn. in acid soln. with KMn 04 
gives the corresp. disulfone, ndls. from ale., m.p. 182® (34).) — [For reactn. of C with alk. 
sulfides and/or polysulfides in prepn. of resins see (37).] 

€J with KI even at room temp. (7) yields 1,3-diiodoacetone, pr. from acetone, m.p. 61®. 

(For reaction of C with MeMgBr as means of prepn. of sym.-dichloro-ter-butyl alcohol 
(3 : 6977) see the latter.) 

[C with excess cone. aq. or liq. HCN in ale. at 30® for 12 hrs. (11) cf. (35) or with 25% 
H(^N in pres, of a little NH4OH (36) yields /?,i8'-dichloro-a-hydroxyisobutyronitrile (not 
isolated), which on hydrolysis with HCl (11) (35) (36) gives the corresp. acid, /3,/3'-dicliloro- 
a-hydroxyisobutyric acid, m p. 91-92® (11). J 

[C with diazotized aniline in pres, of NaOAc yields (3) l,3-dichloro-l-(benzeneazo)- 
propanone-2, red-or. cryst. from hot ale., m.p. 156-157® (3); for corresp. homologs using 
diazotized o-toluidiiie or p-toluidine see (3).] 

[C with equiv. molar quant, thioacetamide in acetone or ale. followed by htg. with 
ZnCl 2 (38) (39) gives 4-(chloromethyl)-2-methylthiazole hydrochloride (free base is oilj 
b.p. 65-67® at 3 mm. (38) (39)); for polymerization of this prod, by htg. see (38). — C 
with thiobenzamide in acetone followed by htg. of resultant intermediate with HCl in 
acetone gives 4-(chloromethyl)-2-phenylthiazole hydrocliloride (yields: 80-81% (40) 
(41)) (corresp. free base, m.p. 51® (40), 48.2-51.2® cor. (41)); for reactns. o^ this prod, see 
(41). — For analogous reactn. of C with many other substituted thiobenzamides to give 
corresp. substitutijd thiazolcs see (40) (39).] 

[C with equiv. molar amt. carbamyl chloride in dry ether at room temp, for 15 min. is 
claimed (2) to yield /3,jS'-dichloroisopropyl carbamate (“ Aleudrin ^’)> white cryst. from 
ale., m.p. 80-81° (2); C with 2 molar equivs. of carbamyl chloride similarly treated is 
claimed (2) to yield /8,/3-dichloroisopropyl allophanate, cryst. from 60% ale., m.p. 182® (2); 
note, however, that in view of the facts that the C used in the cited work was obtd. from 
l,3-dichloropropanol-2, that the b.p.'s of this precursor and C are almost identical, and 
that the C employed was purified only by distillation, the indicated esters may have been 
due to the presence of unoxidized starting material.) 

® l,3>Dichloropropanone-2 semicarbazone: m.p. 120® (23). [Note that this prod, is 
very sensitive to heat (care in recrystn. from aq. or CeHg) and is also changed by stdg. 
in solution (23).] 

® l,3-Dichloropropanoiie-2 4- (^-bromophenyl) semicarbazone: ndls. from ale., m.p. 
196° cor. dec. (42). [From C -f 4-(p-bromophenyl)semicarbazide in ale. refluxed for 
12 hrs. (42).] 

® Condensation product (Ci 7 Hi 904 N 3 SCl 2 ) of C with N-methyl>3-(carbohydrazido)- 
pyridinium ^-toluenesulfonate: cryst. from 1 ; 1 ale. /ether, m.p. 115® cor. (43). [From 
C with nicotinic acid hydrazide metho-p-toluenesulfonate in abs. ale. on refluxing for 
15 mins. (43).] 

3:0563 (1) Markownikow, Ann. 208, 353-358 (1881). (2) Sen, Barat, J. Indian Chem. Soc. 2, 
77-81 (1925). (3) Favrel, Bull. soc. chim. (5) 1, 983-986, 989 (1934). (4) Posner, Rohde, Ber. 
42, 3237-3242 (1909). (5) Edwards, Evans, Watson, J. Chem. Soc. 1037, 1944. (6) cilutz, 
Fischer, J. prakl. Chem. (2) 4, 54-55 (1871). (7) von Hoerman, Ber. 13, 1706-1709 (1880). 
(8) Cloez, Ann. chim. (6) 0, 167-170 (1886). (9) Erlenbach, Ann. 260, 46-18 (1892). (10) 
Conant, Quayle, Oro. Syntheses, CoU. Vol. 1 (2nd ed.), 211-213 (1941); Coll. Vol. 1 (1st ed.). 
206-207 (1932); 2, 13-15 (1922). 



93 


SOLIDS 


3:0563-3:0565 


( 11 ) Grimaux, Adam, Bvll. soc. chim. (2) 36 , 19-21 (1881). (12) Barbaglia, Ber. 7, 467-460 

(1874). (13) Consortium filr Elektrochem. Ind., French 707,862, July 16, 1931; Cent, 1631 , 

II 2066. (14) Akashi, BuU. Iriat. Phya.-Chem. Research (Tokyo) 12 , 329-340 (1933); Cent. 1983 , 
I 3066; C.A. 27 , 3447 (1933). (16) Kling, Bull. aoc. chim. (3) 33 , 322-323 (1906); Ann. chim. (8) 

6, 474-476 (1906). (16) Fritech, Ber. 28 , 698 (1893); Ann. 279 , 316-316 (1894). (17) Malinov- 

skii, J. Gen. Chem. ( U.S.S.R.) 9 . 832-839 (19.39) ; C.A. 34 , 375 (1940) . (18) Erlenbach, Ann. 269 , 

18-19 (1892). (19) Wislicenus, Ber. 43 , 3532-3533 (1910). (20) Smirnoff, J. Russ. Phys.-Chem. 

Soc. 35 , 854-872 (1903); Cent. 1904 , I 576. 

(21) Henry, Compt. rend. 94 , 1428 (1882). (22) Volker, Ann. 192 , 93-95 (1878). (23) von 

Romburgh, Verslag Akad. Wetenschappen Amsterdam 31 , 653-656 (1922); Cent. 1924 , I 159; 
C.A, 18 , 1271 (1924). (24) Ingold, J. Chem. Soc. 119 , 328-329 (1921). (25) Ingold, Sako, 
Thorpe, J. Chem. Soc. 121 , 1197 (1922). (26) Dein’yanov, Feofilaktov, J . Gen. Chem. (U.S.S.R.) 

9 . 340-360 (1939); Cent. 1939 , II 2913; C.A. 34 , 385 (1940). (27) Winkel, Proske, Ber. 69 , 

700-701 (1936). (28) KUmont, Chem. Ztg. 69 , 521 (1922). (29) Hess, Fink, Ber. 48 , 2004 (1915). 
(30) Raschig, Prahl, Ber. 59, 2027-2028 (1926). 

(31) Prjanischnikow, Leoutowitsch, Ber. 68, 1867 (1935). (32) Kuhn, J. prakt. Chem. (2) 

156 , 124 (1940). (33) Rojahn, I^emme, Arch. Pharm. 263 , 61.5-616 (1925). (34) Fromm, 

Kapellei, Taubmann, Ber. 61 , 1.357-1358 (1928). (35) Glattfeld, Schneider, J. Am. Chem. Soc. 

60 , 417 (1938). (36) Fourneau, BuU. soc. chim. (4) 29 , 413-414 (1921). (37) I.G., French 
785,705, Aug. 17, 1935; Cent. 1936 , I 1134. (38) Hooper, Johnson, J. Am. Chem. Soc. 56 , 470- 
471 (1934). (39) .Johnson (to Winthrop Chem. Co.), U.S. 2,014,498, Sept. 17, 1935; Cent. 1936 , 

I 1114; C.A. 29 , 7344 (1935). (40) Suter, Johnson, Rec. trav. chim. 49 , 1066-1068 (1930). 

(41) Huntress, Pfister, J. Am. Chem. Soc. 65 , 1668-1670 (1943). (42) Wheeler, J. Am. Chem. 

Soc. 51 , 3654 (1929). (43) Allen, Gates, J. Am. Chem. Soc. 6 , 596-601 (1941). 


3: 0565 PHENYL CHLOROACETATE C 8 H 7 O 2 CI BeU. 

ClCHa.CO.O— 


M.P. 

46° <1) (2) 

44-46° (3) 

44° (5) 

43° (7) 

40.3° { 6 ) 


B.P. 

230-336° ( 6 ) Df = 1.3303 <9) nj? = 

166° at 66 mm. <7> 

133-136° at 14 mm. <2) 


VI- 163 
VIi-( 87) 
VIr(164) 

1.5146 (9) 


Ndls. or Ifts. from ale. — Insol. aq.; eas. sol. ale., ether. 

[For prepn. of C from phenol (1:1420) with chloroacetyl chloride (3:5235) on htg. 
alone (7) (6) (3), in ether soln. -f pyridine (2), or with AICI3 in CS2 (1) see indie, refs.; 
with chloroacetic acid (3 : 1370) -f P2O6 in CHCI3 (8) or on htg. with POCI3 or ZnCl2 (5) 
see_(8) (5).] 

C hydrolyzes rather easily, even slowly on stdg. in moist air (3). C on mere refluxing 
for hr. with abs. ale. or with ale. NaOEt undergoes trans-esterification yielding (3) ethyl 
chloroacetate (3:5700) and phenol (1:1420). 

C in ether treated witli NH3 gas reacts vigorously yielding (3) NH4 phenolate (sol. in 
aq.) and chloroacetamide (insol. aq.), m.p. 118° (3). 

C with aniline (2 moles) at 80° for 1 hr, gives (4) aniline hydrochloride (sol. in aq.) + 
phenyl iV-phenylaminoacetate [Beil. XII-471] pptd. from ale. by addn. of aq., m.p. 82-83° 
(4). [Note that C on boilg. with aniline yields (4) iV-phenylaminoacetanilide (A'^-phenyl- 
glycine anilide) [Beil. XII-5561, m.p. 111-112° (4).] 

C with phenylhydrazine (2 moles) at 50° for hr. yields (4) phenyl /3-phenylhydra- 
zinoacetate [Beil. XV-321], Ifts. from CeHe or from ale. by addn. of aq., m.p. 93-94° (4). 

C htd. with AICI3 for 5 hrs. at 130-140° gives (10) o-hydroxyphenacyl chloride (vol. 
with steam), m.p. 74°, + p-hydroxyphenacyl chloride_(not vol. with steam), m.p. 148°. 

C -f equal wt. pyridine htd. at 100° gives (1) cpd. C.C6H6N.5H2O, ndls. from ale., m.p. 
166-168° dec. (11), cf. (4). 
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S:MW (1) Kunckell. Johannssen, Ber. 30, 1714-1715 (1897). {2}Manmeb. Drauzburg, Anh 
Pharm. 3S0, 534 (1912). (3) Morel, Bull. soc. e/im. (3) 21, 958-964 0899). (4) Morel, BuU. 
toe. chim. (3) 21, 964-966 (1899). (5) Nencki, Bar. 26, Hof., 58« (1893). 

Chem. (2) 4, 379-380 (1871). (7) k'ries, Pfaffeiidorf, Ber. 43, 214-215 (1910). (8) Bakunm, 
Oatz. chim. ited. 36, II 358 (1900). (9) van der Stichclc, J. Chem. Soc. 123, 1228 (1923). (10) 
von Auwers, Mauss, Ber. 61, 419 (1928). 

(11) Barnett, Cook, J. Chem. Soc. 121, 797 (1922). 

3:0572 DI-(/3-CHLOROETHYL) OXALATE C6H804C1* BeU. S.N. 170 

CO.O.CHs.CH2C1 

<!;O.O.CIl2.CHsCl 

M,P. 45* (1) B.P. 138° at 3 mm. ( 2 ) 

[For prepn. of C from ethylene chlorohydrin (3 : 5552) with anhydrous oxalic acid (1 :0536) 
by satn. with HCl gas and htg. at 100® see (1).] 

[C with MesN in Celle gives (1) “ oxalylcholine chloride/’ Ci2H2e04N2Cl2, very hygro- 
scopic cryst. ndls. (chloroaurate, m.p. 256.5® dec.).) 

[C + CeHe -f- AICI3 gives (2) bibenzyl (1:7149) + tai.] 

3:0572 ( 1 ) Contardi, Ercoli, Atti IX congresso intern, chim. Madrid 9, V, 163-173 (1934); Cent, 
1936, II 3903 -3904; C.A. 31, 1764 (1937). {2} Mai karov-Zeralyanskii, Korshak, Savenkov, 

J. Gen. Chem. {U.S.S.H.) 11, 331 334 (1941); Cent. 1943, I 993; C.A. 36, 5883 (1941). 


3:0580 3,4,6-TRICHLOROTOLUENE 


C 7 H 6 CI 3 Beil. V - 299 
Vi~ 
V2- 


M.P. 44.5-45.5® (1) B.P. 245.5-347® at 768 mm. (2) 
42.5® (2) 


Readily volatile with steam. 

[For prepn. of C from 3,5-dichloro-4-aminotoluene [Beil. XlI-990] or from 4,5-dichloro-3- 
aminotoluene [Beil. X 11-872] via diazotization and use of CU2CI2 reactn. see (1); from 
potassium salt of 3,4,5-trichlorotoluenesulfonic acid-2 by hydrolysis with strong H2SO4 
see (2).] 

[C with CI2 in pres, of Al/Hg yields (3) 2,3,4,5-tetrachlorotoluone (3:2710), m.p. 97- 
98® (3).] 

C on mononitration with cold fumg. HNO3 (1) yields 3,4,5-triohloro-2-nitrotoluene [Beil. 
V-333], pr. from ale., m.p. 81-82° (1); C on dinitration with a mixt. of 6 pis. fumg. HNO3 
and 4 pts. cone. H2SO4 (1) yields 3,4,5-trichloro-2,6-dinitrotoluene [Beil. V-346], ndls. 
from AcOH, m.p. 163-164® (1). 

C on oxidn. with dil. IINO3 in s.t. at 130® readily yields (1) 3,4,5-trichlorobenzoic acid 
(3:4920), m.p. 203® (1). 

3:0680 (1) Cohen, Dakin, J. Chem. Soc. 81, 1336-1339 (1902). (2) Wynne, J. Chem, Soc. 61 
1070-1071 (1892). (3) Cohen, Dakin, J. Chem. Soc. 89, 1454 (1906). * 
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3:0590 ^CHLOROPHENYLACETYLENE CgHsCl BeiL S.N. 474 



M.P. 45.4-46.1'’ (1) 

43.5-44° (2) 

[For prepn. of C from p-chloro-a-chlorostyrene by elimination of HCl with 25% ale. 
KOH (36% yield (1)) <2) see indie, refs.] 

[For study of dipole moment see (3).] 

[C with I 2 in liq. NH3 at —34° readily g ves (98% yield (1)) p-chlorophenyl-iodo-acety- 
lene, m.p. 84.7-85.0° (1).] 

[C with NH 3 /CU 2 CI 2 as directed gives (50% yield (5)) di-(/>-chlorophenyl)biacetylene, 
m.p. 258° (5).] 

® Di-(^-chlorophenylethynyl)mercury: m.p. 221-222° (2), 221.5° (1). [From C in 
ale. with alk. K 2 Hgl 4 according to (4); note that m.p. of this prod, is only slightly 
higher than that (213-214°) for the corresp. prod, from o-chlorophenylacetylene 
(3; 9497).] 

3:0590 ( 1 ) Vaughn, Nieuwland, J. Am. Chnn. Soc. 56, 1207-1209 (’1934). (2) Otto, J. Am. 
Chem. Soc. 56, 1393-1394 (1934). (3) Otto. Wenzke, J. Am. Chem. Soc. 56, 1314-1315 (1934). 

(4) Johnson, McEwen, J. Am. Chem. Soc. 48, 471 (1926). (5) Zal’kind, Fundyler, J. Gen. Chem. 

iU.S.S.R.) 9, 1725-1728 (1939); C.A. 34, 3719 (1940). 


3:0610 2,3,6-TRICHLOROTOLUENE CH 3 CtIIsCIs 



Beil. V - 399 
Vi- 

Vir- 


M.P. 45^6° <1) B.P. 339-331° at 767 mm. <1) 

[For prepn. of C from 3,5-<lichloro-2-aminotoiuene [Beil. XII-837] or from 2,5-dichloro- 
3-aminotoluene [Beil. XII-872] \’ia diazotization and use of CuCb reactn. see (1); for formn. 
of C from 3,5-dichIorotolueno (3:6310) with CI 2 in pres, of Al/Hg see (2).l 
[C with CI 2 in pres, of Al/Hg yields (3) 2,3,5,6-tetrachlorotoluene (3:2575).] 

C on mononitration with cold fumg. HNO3 (1) yields 2,3,5-trichloro-4(or 6)-nitrotoluene 
[Beil. V-333], ndls. from ale. or AcOH, m.p. 58-59° (1); C on dinitration with 6 pts. fumg. 
HNO3 + 4 pts. cone. H2SO4 yields 2,3,5-trichloro-4,6-dinitrotoluene [Beil. V-345], ndls. 
from ale. + AcOH, m.p. 149-150° (1). 

C on oxidn. with dil. HNO 3 in a s.t. at 140° yields (1) 2,3,5-trichlorobenzoic acid (3:4485), 
m.p. 162° (1). 

3:0610 (1) Cohen, Dakin, J. Chem. Soc. 81, 1329-1331 fl902). (2) Cohen, Dakin, J. Chem. 

Soc. 81, 1343-1344 (1902). (3) Cohen, Dakin, J. Chem. Soc. 85, 1284 (1904). 


3:0618 2,4,6-TRICHLORO-3-METHYLPHENOL C 7 H 5 OCI 3 BeU.VI — 

(2,4,6-Trichloro-m-cresol) OH VIi- (189) 

Clj^Cl VV (356) 

ycH. 

M.P. 46° (1) (2) B.P. 265° (2) 

45° (3) 162-163° at 28 mm. {.•}) 

IFor prepn. of C from m^cresol (1 ; 1730) in aq. alk. with excess Cl, (3) or from nt^cresol 
with Cl, in the dark (2) see indie, refs, (note that m.«resol with Cl, in sunlight yields (2) 
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3 : 0618 - 3:0635 2,4,6-TRICHLORO-3-METHYLPHENOL 

3,6,6-triohloro-2-methylbeiizoquinone-l,4 [Beil. VII-651, VIIi-(354)], m.p. 238® (2)); from 
2,4-dichloro-3-methylphenol (3:1205), from 2,6-dichloro-3-methylpheiiol (3:0150), and 
from 4,6-dichloro<-3-methylphenol (3:1745) in CHCI 3 with CI 2 see {!).] 

[Q with PCls yields (2) both im-(2,4,6-trichloro^-methylphcnyl) phosphate, m.p. 230® 
<2), and 6M-(2,4,6-trichloro-3-methylphenyl) phosphate, m.p. 94.5° <2); for study of Hg, 
Sb, and Bi derivs. of C see (2).] 

[C on sulfonation with fumg. H 2 SO 4 (50% SO 3 ) at 50° yields (4) a monosulfonic acid; 
for condens. of C with benzaldehyde-p-sulfonic acid and use of prod, as mothproofing 
agent see (5); for study of use of Na or K salts of C as wood impregnants (preservatives) 
see (6).] 

C with aqua regia at 100° for 1^ hrs. gives (25% yield (3)) 3,5,6-trichloro-2-methyl- 
benzoquinone<l,4 (see above), m.p. 233° (3). 

[C in aq. alk. with Me 2 S 04 yields (2) corresp. methyl ether, ndls. from ale., m.p. 46°, 
b.p. 258° (2); C in aq. alk. with Et 2 S 04 yields {2} corresp. ethyl ether, ndls. from ale., 
m.p. 35.5°, b.p. 266° (2).l 

2,4,6-Trichloro-3-methylphenyl acetate: m.p. 35°, b.p. 270° (2). 

® 2,4,6-Tncliloro-3-methylphenyl benzoate: fine prismatic pi. from ale... m.p. 53® (1). 
[From C with BzCl in pyridine (1).] 

2,4,6-Trichloro>3-methylphenyl benzenesulfonate: prismatic pi. from ale., m.p. 
121° (1). [From C with benzenesulfonyl chloride in pyridine (1).] 

(p 2,4,6-Trichloro-3-methylphenyl ^-toluenesulfonate: prismatic pi. from ale., m.p. 
92-93® (1). [From C with p-toluenesulfonyl chloride in pyridine (I).] 

3:0618 (1) Huston, Chen, J. Am. Chem. Soc. 55 , 4218 (1933). (2) BurSs, Chem. Listy 21, 108- 

114, 148-162, 221-227, 261-265 (1927); Cent. 1927, II 1345; C.A. 22, 63 (1928). (3) Chulkov, 
Parini, Barshev, Org. Chem. Ind. (U.S.S.R.) 3 , 410-412 (1937); Cent. 1938 , II 305; C.A. 31 , 
7047 (1937). (4) .Weiler, Better (to I.G.), Ger. 557,450, Aug. 24, 1931; Cent. 1932 , II 2371. 

(5) Weiler (to I.G.), Ger. 548,822, April 20, 1932; Cent. 1932 , II 799. (6) Iwanowski, et al., 

Przemyal Chem. 16 , ‘ 205-221 (1932); Cent. 1933 , 1.,867; C.A. 27, 3796 (1933). 

3:0625 2,3,6-TRICHLOROTOLUENE CH 3 C 7 H 6 CI 8 

M.P. 45-46° <1) 

41-42° (2> 

White ndls. from ale. 

[For prepn. of C from 2,6-dichloro-3-aminotoluene [Beil. XII-872] via diazotization and 
use of CU 2 CI 2 reactn. see (1); from p>toluenesulfonyl chloride via chlorination, hydrolysis 
to acid, and subsequent hydrolytic cleavage of the sulfonic acid radical see (3) (2); for 
formn. of 0 together with other prods, from 2,5-dichlorotoluene (3:6245) or 2,6-dichloro- 
toluene (3:6270) with CI 2 in pres, of Al/Hg see (4).] 

[C with CI 2 in pres, of Al/Hg yields (5) 2,3,5,6-tetrachlorotoluene (3:2575).] 

C on mononitration by soln. in cold fumg. HNO 3 yields ( 1 ) 2,3,6-trichloro-5-nitrotoluene 
[Beil. V-333], ndls. from ale,, m.p. 57-58® (1); C on dinitration, e.g., with 6 pts. fumg. 
HNO 3 + 4 pts. cone. H 2 SO 4 (1), yields 2,3,6-trichloro-4,6-dinitrotoluene [Beil. V-346], 
pr. from AcOH, m.p. 140-142° <1), 140-141® (6). 

C on oxidn. with dil. HNO 3 in s.t. at 140® yields (1) 2,3,6-trichlorobenzoic acid (3:4500), 
m.p. 164®. 


Beil. V - 299 
Vi— 
V2- 
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3:0625-3:0670 


3:0625 (l) Cohen, Dakin, J. Chem. Soc. 81, 1331-1332 (1902). (2) Austin, Johnson, J. Am. 

Chem. Soc. 54, 658 (1932). (3) Geigy Co., Ger. 210,856, June 16, 1909; Cent. 1900, II 79. (4) 
Ref. 1, pp. 1342-1343. (5) Cohen, Dakin, J. Chem. Soc. 85, 1284 (1904). (6) Qvist, Holmberg, 

Acta Acad. Aboeneis Math. Phya. 6, No. 14. 3-28 (1932); Cent. 1032, 2816; C.A. 27, 5726-5727 
(1933). 


3:0655 1,2,3,4-TETRACHLOROBENZENE Cl C 6 H 2 CI 4 



BeU.V - 204 
Vi- 
V2-(156) 


M.P. 47.5® (4) 

45-46® <1) 

45° (2) 

44-45® (7) 

42.0-43.3® (3) 


B.P. 254® cor. at 761.3 mm. ( 1 ) 


Cryst. from CCU; spar. sol. ale.; eas. sol. ether, CS 2 , Igr., or 90% AcOH; sublimes. 

[For prepn. of C from 3,5-dichloro-2-nitroaniline [Beil. XII-733] via diazotization and 
use of CU 2 CI 2 reactn. (note that the nitro group is also replaced by chloride) in 83% yield 
(4) see (4) (5); from 2,3,4-trichloroaniline [Beil. XlI-626] via diazotization and use of 
CU 2 CI 2 reaction sec (7) ( 6 ) cf. ( 1 ); from 1,2,3-trichlorobenzene (3:0990) with CI 2 in CCI 4 
in pres, of Al/Hg see (7); for formn. of C as by-prod, of actn. of cone. HNO 3 on acet-2,4- 
dichloroanilide see (2).J 

[For use of C in mixts. of dielectric liquids see ( 8 ).] 

[For behavior of C with liq. CI 2 yielding addn. products see (9).] 

[For behavior of C with NaOMe see (4) (10).] 

C on mononitration by warming with HNO 3 (<£> = 1.52) ( 1 ) yields 1,2,3,4-tetrachloro- 
5-nitrobenzene [Beil. V-247], m.p. 64.5® ( 1 ), 62.0-63.5® (7), 66-67° (11); this prod, on further 
nitration by boilg. 2 hrs. with 10 pts, mixed HNO 3 (D = 1,52) -j- cone. H 2 SO 4 yields 
l,2,3,4-tetrachloro-5,6-dinitrobenzene, m.p. 151® (11). 

3:0655 (1) Beilstein, Kurbatow, Ann. 192, 238-239 (1878). (2) Gotts, Hunter, J. Chem. Soc. 
125, 447 (1924). (3) Dudieu, Pongratz, Kohlrausch, Monatah. 61, 433 (1932). (4) HoUeman, 

Rec. trav. chim. 39, 741-743, 749 (1920). (5) HoUeman, van Haeften, Rec. trav. chim. 40, 70 (1921). 

(6) Kdrner, Contardi, Atti accad. Lincei (5) 18, I 96 (1904). (7) Cohen, Hartley, J. Chem. Soc. 

87, 1365 (1905). (8) Compagnie Francaiso Thomson-Houston, French 48,584, AprU 5, 1938; 

Cent. 1938, II 906; C.A. 33, 277 (1939). (9) van der Linden, Rec. trav. chim. 55, 421-430 (1936). 

( 10 ) de Crauw, Rec. trav. chim. 50, 787 (1931). 

(11) Berckmans, HoUeman, Rec. trav. chim. 44, 856-857 (1925). 


3:0670 2,4'.DICHLOROBIPHENYL C 12 H 8 CI 2 BeU. S.N. 479 

M.P. 46® (1) B.P. 191® at 30 mm. (2) 

Cryst from ale. ( 1 ); sol. in CeHe or AcOH ( 1 ). 

[For prepn. of C from 2-amino-4'-chlorobiphenyl (2), from 4-amino-2,4'-<iichlorobiphenyl 
(1), or 2,4'-diaminobiphenyl (1) by appropriate diazo reactions see (1) (2).] 

6 on oxidn. with CrOs 4* AcOH yields ( 2 ) p-chlorobenzoic acid (3:4940), m.p. 232® (2). 

3:0670 ( 1 ) Finzi, Bellavita, Gazz. chim. itcU. 64, 339 (1934). (2) de Crauw, Rec. trav. chim. 50, 
776-777 (1931). 
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Vi~ 
V2-(483) 

M.P. 46® (1) B.P. 195-300® at 16 mm. <1) 

49-50° (2) 

Pale yel. cryst. (1). 

[For prepn. of C from 3-amino-4-chlorobiphcnyI (3) or from 4-amino-3-chlorobiphenyl 
(1) via appropriate diazo methods see (1) <3).] 

C htd. with a(j. alk. for 3 lirs. at 290-300° yields (4) phenylpyroeatechol (3,4-dihydroxy- 
biphenyl) (1:1576), m.p. 144 8-145.2® (4); diacetate, m.p. 77.5-78® (4). 

C on oxidn. with CrOa + AcOII yields {!) (3) 3,4-tlit;hlorobenzoin acid (3:4925), m.p. 
198® (3), 200® (1). 

8:0686 (1) ScarborouRh, Waters. J. Chew. Soc. 1986, 5G0. (2> Zerweck, Schutz fto General 

Aniline and Film Gorp.), U.S. 2.280.504. Apr. 21, 1942, C.A. 36, 6658 (1942). (3) Blakey, 

Scarborough, J. Chem. Soc. 1987, 3007. (4) Harvey (to E R. Squibb and Sons). U.S. 1,952,755, 

March 27, 1934; Cent. 1934, II 184G; C.A. 88, 3426 (1934). 


3:0685 2,4-DICHLOROBlPHENYL C 12 H 8 CI 2 

0^X3 


3:0700 6-CHLORO-3-METHYLPHENOL OH CyllTOCl Beil. VI — 

(2-Chloro-5-methylphcnol; Clf'^ VIi-(187) 

6-chloro-7n-cresol) j | Vl2-(365) 

M.P. 46® (1) (3) <2) B.P. 197-198® (1) - 1.315 (5) 

45® <4) 196® at 760 mm. (5) <3) 

85® at 16 mm. (2) 

Strong camphoraceous odor! — Cryst. from ice-cold It. pet. ether (3) (2). — Volatile 
with steam (2). 

[For prepn. from 4-chlor(>-3-aminotolucnc (2-chloro-5-mcthylaniline) [Beil. XII-871] 
via diazo reaction see (1) (2) (4); from 6-amino-m-crcsol (2-amino-5-mcthylphonol) (Beil 
XIII-590] see <!).] 

C treated with (CH3)2S04 + aq, NaOH gives its methyl ether, 2-chloro-5-methylanisole, 
b.p. 212.5® (3). [This methyl ether on oxidn. with dil. KMnOi (2.7 hrs. for 5 g.) gave 
(3) 4-chloro-3-methoxybenzoic ac., pr. from 50% ale. or pi. from CHCI3, m.p. 211® (3) 
Neut. Eq. 186.5.] 


(g> 6-Chloro-3-methylpheiiyl benzoate: from C -f BzCl + pyridine; pr. contg. ale. (3) 
from ale., m.p. 31® (3), 38® <1); cryst. from It. pet. ether, m.p. 40® (3). 

6-Chloro-3-methylphenyl benzenesulfonate; from C + benzenesulfonyl chloride -f- 
pyridine; cryst. from ale., m.p. 99° (1). 

6-Cliloro-3-methylphenyl ^-toluenesulfonate: from C 4- p-toluenesulfonjd chloride 
+ pyridine; hexag. pr. from ale. (3> (1) or acetone (3), m.p. 96° (3), 93-94° (1). 


8:0700 (1) Houston, Chen, J. Am. Chem. Soc. 55, 4214-4216 (1933). (2) Kraay, Rec. trav chim 

1424r-1425. (4) Hodgson, Moore, J. CW 
Soc. 1080, 2038-2039. (5) Raschig, Ger. 232,071, March 4, 1911; Cent. 1911, I 854. 



99 


SOLIDS 
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3: 0715 2-CHLOROBENZOPHENONE 

(o-CUorophenyl phenyl 
ketone) 


C 13 H 9 OCI 



Beil.^U - 419 
Vni.(337) 


M.P. 46® (1) B.P. 330® <3) cor. (4) 

45.5-46° (2) 185-188° at 13 mm. (7) 

45.5° <3) (4) (5) 

(6) (8) <10) 

53-56° <7) 

This, from CHCI3 + Igr. (3) (4); cryst. from pet. eth. (5). — [For crystallog. data see 
(5) (8).] 

[For prepn. (93% yield (9)) from o-clilorobenzoyl chloride (3:6640) + CeHe + AICI3 
see (3) (5) (9); for formation (12%) in reaction of BzOH + chlorobenzene + AICI3 (main 
prod. 4-clilorobenzophonone (3:1914)) see (2).] 

C on reduction with 10% Na/IIg -f ale. (11) or boilg. ale. KOH (12) gives almost ex- 
clusively 2-chlorodiphcuylcarbinol [Beil. V1-680J, m.p. 65° (11) (12), 62° (19). — C with 
Al/Hg + 80% ale. (6) gives mainly 2-chlorodiphenylcarbmol (above) + a little 2,2'- 
dichlorobenzpinaeol. — C with Zn -f AeOH (11) or C in ale. on long exposure to sunlight 
(11) (13) (14) gives 2,2'-diclilorobcnzpmacol [Beil. Vli-(523)J, m.p. 174-175° (6), 178° 
dce_. (11). 

C htd. with aniline 3-4 hrs. at 200° yields (4) 2-chlorobenzophenone anil (Beil. XII-2011, 
pale yel. ndls. or seales from ale., m.p. 128° (4). [Fused subst. or solns. in org. solvents 
(especially CHOI3) are yellow.] 

C fused for 3 lirs. at 200° with a mixt. of KOH -f NaOH gives (1) BzOH (1:0715) 
(90-95% yield) + chlorobenzene (3:7903) but no o-chlorobenzoic acid; however, C with 
aq. NaOH 4- trace CuO in iron bomb (or in pres, of Fe powder) at 240° for 6 hrs. gives 
(58% yield (20)) fluorenone (1:9014). 

C with CHaMgl yields (15) l-(o-chlorophenyl)-l-phenylethylene, oil, b.p. 162-163° at 
18 mm. (15); C with Mg + Mgl2 easily loses nuclear halogen (16). 

(g) 2-Chlorobenzophenone oxime: from C + NH2OH.HCI + dil. ale. KOH (5) (17) 
(7) or from C + NH2OH.HCI + ale. htd. in s.t. for 3 hrs. at 130° (17); cryst. from 
pet. ether, m.p. 13.3-134° (17), 121° (5) (7). [With PCI5 in dry ether, followed by 
aq. this oxime yields by Beckmann rearr. o-chlorobenzanilide [Beil. XII-266J, m.p. 
118° (5), 114° (17).] [The above oxime boiled with cone. aq. KOH for 1 day (5) or 
refluxed 6 hrs. with 20 pts. 30% MeOH/KOH, then diluted with aq. (17) (18), gives 
3-phenylindoxazene [Beil. XXVII-711, ndls. or tbls. from ether or ale., m.p. 83-84° 
(18), 82.5° (5) (11).] 

3:0715 (1) Lock, RSdiger, Bcr. 72 , 867 (1939). (2) Newton, Groggins, Ind. Eng. Chem. 27 , 

1398 (1935). (3) Overton, Ber. 26 , 28-29 (1893). (4) Graebe, Keller, Ber. 32 . 1687 (1899). 

( 5 ) Montagne, Koopal, Rec. trav. chim. 29 , 139-145 (1910). (6) Cohen, Boeseken, Rec. irav. 

chim. 38 , 114-115 (1919). (7) von Auwers, Lechner, Bundesmann, Bcr. 68 , 50 (1925). (8) 

Jaeger, Z. Krist. 56 , 48 (1916). (9) Mayer, Freund, Ber. 65 , 2051-2052 (1922). (10) Koopal, 

Rec. trav. chim. 34 , 153 (1915). 

(11) Ref. 10, pp. 157-160. (12) Montagne, van Charante, Rec. trav. chim. 31 , 311-312 (1912). 

(13) Cohen, Bdeseken, Rec. trav. chim. 39, 258 (1920). (14) Boeseken, Cohen, Langdeijk, Rec. 

trav. chim. 46 , 383-396 (1927). (15) Bergmann, Bondi, Ber. 64 , 1473-1474 (1931). (16) Gom- 
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berg, Baflai; J. Am, Chem. Soc, 51, 2231 (1929). (17) Meisenheimer, Meia, Ber. 57, 296 (1924). 

(18) Cathcart, Meyer, Ber, 25, 1498, 3295 (1892) . (19) Montague, Rec. trav, chim. 26, 266 (1907) . 

(20) Britton, Moyle, Bryner (to Dow Chem. Co.), U.S. 2,377,751, June 5, 1945; C.A. 39, 4097 
(1946). 


3:0717 2,2'-DICHLOROBENZOPHENONE 

(Di-(o-chlorophenyl) ketone) y 


CJ3H8OCI2 


Beil. S.N. 652 




M.P. 45.4-46.6^ cor. (1) B.P. 127-135^ at 1 mm. (1) 

45-46° (1) 

[For prcpn. of C from 2,2'-dichlorobenzilic acid (1) by oxidn. with CrOs/AcOH (47% 
yield (1)) or from di-(o-chlorophenyl)carbinol (1) by oxidn. with Na 2 Cr 207 /H 2 S 04 /Ac 0 H 
see indie, refs.] 


2,2'-Dichlorobenzophenone 2,4-dinitrophenylhydrazone: m.p. 206-208° (1). 

3:0717 ( 1 ) Haller, Bartlett, Drake, Newman, Ciistol ot al., J. Am, Chem. Soc. 67, 1600-1601 
(1945). 


3:0720 ETHYLENE GLYCOL bis-CHLOROACETATE C 6 H 8 O 4 CI 2 Beil. S.N. 160 

CICH 2 .CO.O.CH 2 

ClCHj.CO.O.iHi. 

M.P. 45-46.6° <1) B.P. 143-144° at 2 mm. (1) 

Cryst. from ether /pet. eth. — Insol. aq. (dif. from /3-hydroxyethyl chloroacetate 
(3:6780)). 

[For prepn. of C from ethylene oxide (1:6106) with chloroacetic acid (3:1370) as by- 
product of prepn, of /3-hydroxyethyl chloroacetate (3:6780) see (1); note also that C is 
formed (together with ethylene glycol (1:6465)) by disproportionation of /3-hydroxyethyl 
chloroacetate (3:6780) on long stdg. in ord. glass bottles (1).] 

C on shaking with aq. is hydrolyzed only very slowly (1). 

[For use of C as insecticide, fungicide, and disinfectant see (2).] 

3:0726 (1) Meerwein. S6nke, J, prakt. Chem. (2) 137, 316-318 (1933). (2) Peet (to Rohm and 

Haas Co.), U. S. 1,816,441, July 28, 1931; CW. 1932, 1 1146; C.A. 25, 5501 (1931) ; French 667,633, 
Oct. 18, 1929; Cent. 1930, I 2614. 
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3:0730 



Beil, n - 109 
ni.( 89) 
ni-(i93) 


M.P. 48-49° <16) B.P. 16.3° at 116 mm. (4) = 1.3604 (5) 

46-47° (1) 161° at 104 mm. (4) = 1.5497 (5) 

46° (2) 149°' at 62 mm. (4) 

45.2° (3) 144° at 61 mm. (4) 

135° at 36 mm. (4) 

126-128° at 30 mm. <5) 

126° at 24 mm. (4) 

115-120° at 20 mm. (6) 

109-110° at 10 mm. <2> 

108-110° at 10 mm. (16) 


Note that the above name of C is so rendered to emphasize that it is the anhydride of 
chloroacetic acid (not a monochlorinatcd acetic anhydride). 

Pr. from CeHe) eas. sol. cold ether, CHCI3; spar. sol. cold CeHe; insol. cold Igr. 

[For prepn. of C from chloroacetic acid (3 : 1370) with P2O6 in vac. (2), or with AC2O 
(5) (6) (in latter case note also formn. of mixed anhydride acetic-chloroacetic anhydride, 
b.p. 80-83° at 30 mm. (5), 80-85° at 20 ram. (3), = 1.2003 (5)), or with chloroacetyl 

chloride (3 : 5235) + an inorg. acid cliloride (7) or AICI3 (8), see indie, refs. ; for prepn. of 
C from sodium chloroacetate with oxalyl (di)chioride (3:5060) in CeHe (54% yield) see 
(9); for prepn. of C from chloroacetyl chloride (3:5235) with Na2C03 (4) or KNO3 (1) 
see indie, refs.] 

C with aq. K2CO3 fields (2) polyglycolide (1:4970), m.p. 220°. 

[For reactn. of C with AICI 3 -f- toluene giving 46-59% co-chloro-p-methylacetophenone 
(3:1130) see (10); for reactn. of C with AICI 3 + biphenyl giving 41% yield w-chloro-p- 
phenylacetophenone, pale ycl. ndls. from dil. ale., m.p. 122-123° see (11); for abnormal 
reactn. of C with benzyl MgCl yielding w-cliloro-o-methylacetophenone (3:9660) see (12).] 

[For behavior of C with various carbohydrates (13) and with cellulose (14) see indie, refs.) 

C htd. 4 hrs. at 160-180° with phenyl isothiocyanate yields (15) after distn. at 14-20 
mm. 2,4-<iioxo-3-phenylthiazolidine (Beil. XXVII-238, XXVIIi-(305)], m.p. 147-148° (15).] 

C with aq. hydrolyzes almost instantly yielding chloroacetic acid (3:1370). — For the 
amide, anilide, p-toluidide, and other derivs. corresp. to C see chloroacetic acid (3:1370). 

3:0730 (1) Diels, Okada, Bcr, 44, 3335 (1911). (2) Bischoff, Walden. Ber, 27, 2949 a894). 
(3) Watson, Gregory, J. diem. Soc. 1920, 1375. (4) Patterson, Ber. 38, 210-213 (1905). (5) 

Baroni, Gazz. chim. ital. 63, 29-30 (1933). (6) Clarke, Malm (to Eastman Kodak Co.), U.S. 

1,648,540, Nov. 8, 1927; Cent. 1928, I 1459; C.A. 22, 433 (1928). (7) Salmoiraghi, Italian 

290,641, June 17, 1930; Cent. 1937, I 185. (8) Strosacker, Schwegler (to Dow Chem. Co.), 
U.S. 1,713,104, May 14, 1929; Cent. 1929, II 1215; C.A. 23, 3234-3235 (1929). (9) Adams, 
Ulich, J. Am. Chem. Soc. 42, 607 (1920). ( 10 ) Nollcr, Adams, J. Am. Chem. Soc. 40, 1892-1893 
(1924). 

( 11 ) Silver, Lowy, J. Am. Chem. Soc. 56, 2429-2430 (1934). (12) Austin, Johnson, J. Am. 
Chem. Soc. 54, 656 (1932). (13) Brass, Kurz, CelliUosechem. 15, 99-102 (1934). (14) Soc. 
Chem. Ind. Basel, French 764,308, May 18, 1934; Cent. 1935, I 650. (15) Dubsky. Ber. 50, 
1690-1691 (1917). (16) Ballaus, Monatah. 74, 91 (1943). 
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3:0738 «,a',/8,/3^,/9',/8'-/3'-OCTACHLORODIETHYL ETHER C4H2OCI8 BeU. 1 - 634 
(b«-(a,i8,i8,/9-tet.rachloroethyl) ether) Cl Cl Ii — 

CUC-(>-0-(>-Ca 

J. A 

M.P.47® {!) B.P. 130-13r atllnun. (1) 

45-46° (1) 138-130° at 9 mm. (1) 

40-43° (2) 

Cr3^t. with agreeable camphoraceous odor from MeOH or EtOH. — Eas. sol. MeOH, 
CeHe, toluene, or pet. ether; spar. sol. in abs. ale. below 0°. 

C slowly sublimes but on attempted distn. at ord. press, decomposes at about 240°. 
[For prepn. of C from chloral (3:5210), chloral hydrate (3:1270), or metachloral with 
CISO3H or FSO3H at not above 50-60° see {1); note that from chloral (3:5210) with 
CISO3H at —50° for 10-12 hrs. yield of C may be as high as 50%; from metachloral with 
CISO3H at 50° for a few hrs. yield is 60% (1); note also that various other products in- 
cluding chloralide (3:3510) are also formed. — For formn. of C from trichloroethylene 
(3:5170) with excass CI2O in CCI4 at —20° (2), or perhaps from a,a'-dichlorodicthyl ether 
(3:7595) with CI2 in sunlight (3), see indie. refs.J 
C on htg. in pres, of air gives (2) phosgene (3:5000). 

C on reduction with cone. HI {D - 1.78) in boilg. AcOH quantitatively yields (2) ethane. 
C is fairly stable toward boilg. aq. or aq. alkalies (I ). 

C is claimed (1) to react with 2 moles of RMgX cpds. of either aliphatic or aromatic 
types, but no details are reported. 

8:0738 (1) Fuchs, Katscher, Ber. 62, 2381-2386 (1929). (2) Goldschmidt. Schussler, Ber. 58. 
669-570 (1925). (3) Roth, Bar, 8, 1017-1018 (1875). 

3:0745 3-CHLOROCATECHOL OH 

““ (r 

M.P. 47° <1) B.P. 110-111° at 11 mm. (2). 

46-48° (2) 

White cryst. (from pet. ether) (1); hygroscopic scales (from Igr.) (2). — Eas. deliquesces 
absorbing mole H2O. — Eas. sol. aq. but insol. almost all org. solvents except cold pet. 
ether or cold Igr. 

[For prepn. from catechol (1,2-dihydroxybenzene) (1:1520) by action of SO2CI2 in 
ether at 0° see (1) (2); for prepn. from o-benzoqiiinone [Beil. VII-600] by action of ethereal 
HCl see (2); 4-chlorocatechol (3:2470) is also a by-product of both methods.] 

[C on oxidn. with Pb02 in pet. ether gives (12% yield (2)) 3-cliloro-o-benzoquinone 
[Beil. Vlli-(338)]; for use in prepn. of a-chlorophenazine see (1).] 

C with FeCls gives a blue-green color, changing to clear red on addn. of Na2C03 (2). 

® 3-Chloropyrocatechol dibenzoate: ndls. from ale., m.p. 108-109° (2); 109° u.c. (1). 

3:0745 <1) Wrede, Miihlroth, Ber. 63, 1932-1933 (1930). (2) Willstatter, Mtiller, Ber. 44. 2184- 
2189 (1911). 


C6H6O2CI 


Beil. VI — 
VIi-(388) 
VI 2 — 
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3:0747 2- (CHLOROMETHYL) NAPHTHALENE 

(/S-Naphthylmethyl (jhloride; 
iS-menaphthyl chloride) 



C11H9CI 

CH2CI 


BeU. V - 567 

Vi- 

Vjr(464) 


M.P. 48-49® (11) B.P. 170® at 20 mm. (1) 

48® (1) 168® at 20 mm. (2) (6) 

47.8® (2) 162® at 16 mm. (1) 

47-48® (3) 

47® (4) (5) (6) 

[See also i~(chlorormthyl)mphtkalene (3:0250).] 

Colorleas cryst. from ale. (6) (5); loses HCl on attempted distn. at ord. press. 

[For prepn. of C from 2-methylnaphthalene (1:7605) with CI 2 in sunlight (5) (3) (6) 
and best at elevated temp., e.g. 220® (7) or even 250-280® (8) (53% yield (11)), see inchc. 
refs.; from /8-naphthylcarbinol [Beil. VI-668] (4) (2) with PCI 3 (2) or with SOCI 2 in toluene 
(4) see indie, refs.; from iV-(benzoyl)-/8-naphthylmethylamine (1) or from JV-(ben2oyl)- 
6w-(i8-naphthylmethyl)amine (1) by htg. with PCU see (1).] 

C on oxidn. with aq. Pb(N03)2 soln. yields (6) /8-naphthaldehyde (1 :0036); C on oxidn. 
with alk. KMn04 yields (6) /9-naphthoic acid (1:0800). 

C on reductn. with Zn/Cu couple yields (2) 2-methylnaphthalene (1 :7605). 

[C with excess Na in dry ether readily gives (*8) a,|8“6ts-(2-naphthylmethyl)ethane, 
m.p. 182® (9) (picrate, m.p. 198° (9)).] — [For study of reactn. of C with l-(chloromethyl)- 
naphthalene (3:0250) + AICI3 in CS2 see (7).) 

[C with Mg in dry ether -f trace C2H5I gives corresp. /3-CioH7.CH2MgCl, but reactn. 
is capricious and requires pure C (4); the RMgCl cpd. with AcCl in ether does not follow 
a normal course but gives instead l,3-di-(/3-naphthyl)-2-methylpropcne-l, cryst. from 
AcOH, m.p. 184-185® (4).] ^ 

[For study of reactn. of C with ethyl acetoacetate -f NaOEt in abs. ale. giving (83% 
yield) ethyl a- (/3-naphthylmethyl) acetoacetate see (10).] 

C with aq. at 100° for 13^ hrs. is 17% hydrolyzed (1). 

[C with large excess of cone. CeHe soln. of dimethylamine htd. in s.t. at 100® for 10 hrs. 
yields (1) jV,A^-dimethyli3-naphthylmethyl-amine.J 

3:0747 (1) von Braun, Moldaenke, Ber. 56, 2168-2171 (1923). (2) Sah, Rec. trav, chim. 59 , 

461-470 (1940); C.A. 36, 4763 (1941). (3) Achraatowicz, Lindenfeld, Roezniki Chem. 18, 69-74 

(1938); Cent. 1939, II 389. (4) Campbell, Anderson, Gilmore, J. Chem. Soc. 1940, 820. (5) 

Scherlei, Ber. 17, 1529 (1884). (6) Schulze, Ber. 17, 1529 (1884). (7) Clar, Lombardi, Gazz. 

chim. ital. 62, 542-544 (1932); C.A. 27, 81 (19.33). (8) Clar, Wallenstein, Ber. 64, 2080, 2082 
(1931). (9) Friedman, Ber. 49, 1354-1355 (1916). (10) Sempronj, Gazz. chim. ital. 68, 263- 

266 (1938). 

( 11 ) Tarbell, Fukushima, Dam, J. Am. Chem. Soc. 67, 198 (1945). 


3:0750 1,1,2,3,4-PENTACHLOROBUTANE 

(Solid diastereoisomer) 
(1,2,3,4,4-Pentachlorobutane 
(solid diastereoisomer) ) 


Cl 


C4H5CI6 


M.P. 49® (1) 
48® (2) 


B.P. 230® 

105-107‘ 

102 ° 


( 1 ) 

at 13 mm. (1) 
at 11 mm. (2) 


CHj— CH— CH— iff 

ii ii ii ii 

Z)? = 1.539 (2) 


_63 


[See also liquid diastereoisomer (3:9068).] 


Beil. S.N. 10 


1.5065 (2) 



3:0750-3:0765 


l»l,2,3,4-PENTACHIiOROBUTANB 


104 


Colorless cr3rstals from ale. <2). 

[For prepn. of C (30-50% yield of mixed solid + liquid stereomers <2)) from 1,2-dichloro- 
ethylene (3:5030) + 1,1,2-trichloroethane (3:5330) + 1% AlClg for 5 days at 36-40® see 
(2); for formn. of C from 1,2-dichloroethylene (3 :5030) with HCl + Aids at 50® see <1).] 
C in CCI4 treated with AICI3 remains colorless and the solution does not (2) evolve HCl, 
even on boilg. 

C in ale. treated with Zn dust gives (80% yield (2)) l-chlorobutadiene-1,3 (3:7210), 
b.p. 68® <2). 

C dissolved in hot ale. and titrated with N/IO KOH splits off 1.44-1.69 moles HCl (2). 

[A pentachlorobutane obtained (3) from trichloroethylene (3:5170) + 1,1-dichloroethane 
(3:5035) + AICI3 may or may not be identical with C.] 

3:0750 (1) Mtiller, Honn, J. prakt. Chem. (2) 133. 289-290 (1932). (2) Prins, Rec. trav. chim. 56, 
121-123 (1937). (3) Consortium fttr Elektrochem. Ind.. Brit. 453,414, Oct. 8. 1936; Cent. 1037, 
I 1012. 

3:0765 ^-CHLOROBENZALDEHYDE Cl/ ^HO C7H6OCI Beil. VH- 235 

vni-(133) 

M.P. 49® (1) B.P. 214.5-216.5® at 760 mm. (3) 

48® <2) (3) 213-214® (6) (8) 

47.5® <4)<6) 213® at 748 mm. (9) 

47® (5) lOS-ltl® at 25 mm. (7) 

46-47® (7) 

Colorless pi. with odor like benzaldehyde. — Volatile with steam. — Somewhat sol. 
cold aq., more sol. hot aq.j eas. sol. ale., ether, CeHe, CSg, AcOH. — Forms spar. sol. 
NaHSOa cpd. 

[For prepn. of C from p-chlorotoluene (3:8287) with Cr02Cl2 (10), or by halogenation 
to TMjhlorobenzal (di)chloride (3:6700) (7) (46) or p-chlorobenzal (di)bromide (11) and 
their subsequent hydrolysis with fumg. H2SO4 (6) (12) (13), cone. H2SO4 (7), anhydrous 
. oxalic acid (8), or water in a s.t, at 170® (14) (15) sec indicated refs.; from p-aminobenzalde- 
hyde by diazotization and reactn. with CuCl (73% yield (16)) see (16) (17) (1); from p- 
chlorobenzyl chloride (3:0220) (or bromide) by boilg. with aq. Pb(N03)2in CO2 (4) (5) or 
with hexamethylenetetramine (2); from p-chlorobromobenzene via p-chlorophenyl MgBr 
and its reactn. with ethyl orthoformate (64% yield) (18); from p-chlorobenzonitrile with 
SnCl2 (19); from chlorobenzene -f HCN -f AICI3 (20) or with CO + AICI3 (21); from 
p-chlorobenzylamine with hexamethylenetetramine (45) see indie, refs.] 

C with KMn04 (2) (4) (5) or even slowly in air oxidizes to p-chlorobenzoic ac. (3:4940), 
m.p. 236®. [For study of auto-oxidation see (22).] -7 C on cat. hydrogenation (92% yield 
(^)) or electrolytic reductn. (24) or by actn. of iodo-magnesium hydrobenzoinate (84% 
yield (25)) gives p-chlorobenzyl ale., ndls. from CeHe/lgr., m.p. 71-72.5® (23). — C with 
cone. alk. undergoes Cannizzaro reactn. (for study see (26) (28)) although presumable 
products, p-chlorobenzyl ale. and p-chlorobenzoic ac., have not been (by this reactn.) 
ac^ally isolated. [For study of C in mixed Cannizzaro reactn. see (27).] 

C on reduction with Ni/Al alloy (Raney Ni) in aq. alk. gives (60% yield (48)) toluene 
(1.J405). 

C with dil. KCN gives benzoin condensation yielding 4,4'-dichlorobenzoin, m.p. 85-87® 
(29), which on oxidn. with HNO3 in AcOH yields 4,4'-dichlorodibenzil, m.p. 195-196® (29). 

C on htg. with NaOAc + AC2O for 8 hrs. at 180-200® undergoes Perkin reactn. giving 
(yield: 52% (13), 60% (17)) p-chlorocinnamic ac., m.p. 249-250® (17), 247® (13) (31). 

rpus with Br2 in CHCI3 gives (30) p-chlorocinnamic acid dibromide, m.p. 191® (30).J 

C + malonic acid + pyridine gives aim. quant, yield (31) p-chlorocinnamic acid. [With- 
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3:0765 


out pyridine reactn. gives (100% yield (31)) p-chlorobenzaimalonic acid, m.p. 197-108^ 
dec. (31).] 

C on mononitration with cone. HNO 3 + cone. H2SO4 at 80-90® pves (32) (33) 4-chloro- 
3-nitrobenzaldehyde [Beil. VII-262], ndls. from CHCls/lgr. or from aq., m.p. 62® (32) (33); 
ndls. from dil. ale., m.p. 64.5® (34) [oxime, pale yel. ndls. from ale., m.p. 146® (34), 141.6-’ 
142.5® (35); phenylhydrazone, m.p. 148.5-149.5® (35), p-nitrophenylhydrazone, or. ndls., 
m.p. 278-279® (34); semicarbazone, yel. ndls., m.p. 244-245® dec. (35)j. 

C htd. at 100° with 1 mole aniline gives (16) (36) p-chlorobenzalaniline, pale yel. pi., 
from ale., m.p. 62® (16) (36); C htd. with 1 mole p-toluidine gives (16) (36) p-chlorobenzal- 
p-toluidine, colorless ndls. from ale., m.p. 125® (16) (36). 

[For conversion of C with MeMgX to p-chlorophenyl-methyl-carbinol and dehydration 
of latter to p-chlorostyrene see (46).j 

(© ^'Chlorobenzaldoxime (anti form): cryst. from ale., m.p. 106-107® (6) (37). [From 
C -b NH2OH.HCI H- NaaCOa (6); the syn isomer has m.p. 142® (37), 140® (6), and 
on fusion is converted to anti isomer (6).] 

© ^-Chlorobenzaldehyde phenylhydrazone: It. yel. cryst. from dil. ale., m.p. 127- 
127.5° (35), 126-128° (38). [For study of kinetics of formn. see (39).] 

® ^-Chlorobenzaldehyde ^-nitrophenylhydrazone : dk. br. cryst. from aJc., m.p. 216.5° 
u.c. (40), 224® (41), 218-220® (35). 

® ^-Chlorobenzaldehyde 2,4-dinitrophenYlhydrazone: or. cryst., m.p. 270® (42), 265° 
(45), 264® cor. (43). [Use in detn. of C (43).] 

® ^>Chlorobenzaldehyde semicarbazone: tbls. from pyridine (10), ndls. from MeOH 
(44, m.p. 230° (10) (47), 232-233° (44). 

3:0765 (1) Blankama, Chem. Weekblad 6 , 909 (1909). (2) Mayer, English, Ann. 417, 78-79 

(1918), (3) Kahoveo, Kohlrausch, Z. physik. Chem. B-38, 138 (1937). (4) Jackson. White, 

Ber. 11, 1043 (1887). (5) Jackson, White, Am. Chem. J. 3, 31-32 (1881). (6) Erdmann, 

Schweehten, Ann. 2^, 63-65 (1890). (7) McEwen, Org. Syntheses, Coll. Vol. 2 (Ist ed.), 133- 

135 (1943). (8) Erdmann, Kirchlioff, Ann. 247, 368 (1888). (9) Hoechster Farbwerke, Ger. 

207,157; Cent, 1009, I 962. (10) Law, Perkin, J. Chem. Soc. 93, 1636 (1908). 

(11) Lock, Bayer, Ber. 72, 1067 (1939). (12) Kaeswurm, Ber. 19, 742 (1886). (13) Bock, 

Lock, Schmidt, Monatsh. 64, 407 (1934), (14) Beilstein, Kuhlberg, Ann. 146, 328 (1868). 

(15) Beilstein, Kuhlberg, Ann. 147, 352-353 (18(58). (16) von W^alther, Raetze, J. prakt. Chem. 

(2) 66, 259-264 (1902). (17) van der Lee, Rec. trav. chxm. 45, 678-680 (1926). (18) Bodroux, 

Compt. rend. 138, 701 (1904); BuU. soc. chim. (3) 31, 585-588 (1904). (19) Stephen, J. Chem. 

Soc. 127, 1874 (1925). (20) Hinkel, Ayling, Benyon, J. Chem. Soc. 1936, 342. 

(21) Ger. 281,212, Dec. 15, 1914; Cent. 1916, I 178; Ger. 403,489, Sept. 29, 1924; Cent. 1926, 
I 1369; Brit. 334,009, Sept. 18, 1930; Cent. 1930, II 3850. (22) van der Beek, Rec. trav. chim. 

61, 411-413 (1932). (23) Carothers, Adams, J. Am. Chem. Soc. 46, 1681-1682 (1924). (24) 
Law, J. Chem. Soc. 99, 1114-1115 (1911). (25) Shaiikland, Goinberg, J. Am. Chem. Soc. 62, 
4975 (1930). (26) Eitel, Lock, Monatsh. 72, 392-409 (1939). (27) Bailor, Barney, Miller, 

J. Am. Chem. Soc. 68, 2110-2111 (1936). (28) Molt, Rec. trav. chim. 66, 233-246 (1937). (29) 
Gomberg, Van Natta, J. Am. Chem. Soc. 51, 2241 (1929). (30) Wilstaedt, Ber. 64, 2693 (1931). 

(31) K. C. Pandya, R. B. Pandya, Proc. Indian Acod. Sd. 14~A, 112-122 (1941); C.A. 36, 
1599 (1942). (32) Erdmann, Ernst, Huglio, Ann. 294, 380 (1897). (33) Hodgdon, Smith, 

J. Soc. Chem. Ind. 49, T408-410 (1930). (34) Hodgson, Beard, J. Chem. Soc. 1927, 20. (35) 

van der Lee, Rec. trav. chim. 46, 278-281 (1926). (36) DeGaouck, LeFevre, J. Chem. Soc. 1938, 
741-742. (37) Brady, McHugh, /. Chem. Soc. 126, 551 (1924). (38) Charlton, Earl, Kenner, 

Luciano, J. Chem. Soc. 1932, 40. (39) Bodforss, Z. physik. Chem. 109, 242 (1924). (40) Sboppee, 
J. Chem. Soc. 1931, 1232. 

(41) Hodgson, Handley, J, Chem. Soc, 1928, 1886. (42) Blanksma, Wackers, Rec. trav. chim. 

66, 658 (1936). (43) Eitel, Lock, Monatsh. 72, 389-390 (1939). (44) Henderson, Heilbron, 
J. Chem. Soc. 107, 1749 (1915). (45) Graymore, Davies, J. Chem. Soc. 1946, 294. (46) Ushakov, 
Matuzov, J. Oen. Chem. (U.S.S.R.) 14. 120-127 (1944); C.A. 39, 916 (1945). (47) Vogelsang. 

Rec. trav. chim. 62, 5-11 (1943); C.A. 39, 1394 (1945). (48) Schwenk, Papa, Whitman, Ginsburg, 
/. Org. Chem. 9, 1-8 (1944). 



8:0780-3:0810 


DIVISION A 


10« 


3; 0780 4-CHLORO-2-METHyLPHENOL OH C7H7OCI Beil. VI - 359 
(4-Chloro-o-cresol ) VIi- ( 1 74 ) 

I I Vl2-(33?8) 

a 

M.P. 48-49^ <1> (5) B.P. 220-2*^5^ (1) (2) <5) 

46 ** ( 2 ) 

Ndls. (from pet. eth.). 

[For prepn. from o-cresol (1:1400) by chlorination with SO2CI2 see (1) (5).] 

C dislvd. in 5 pts. AcOH and treated with small excess of cone. HNO3 {D = 1.42) yields 
(3) 6-nitro-4-chloro-2-methylphenol [Beil. VIi-(178)], yel. ndls., m.p. 107° (3), eas. sol. ale., 
CeHe, less sol. AcOH, acetate, m.p. 88° (3). 

C htd. with phthalic anhydride (1:0725) + NaCl.AlCls at 150-200° for 2 hrs. yields (4) 
after decompn. with HCl, and repeated recrystn. from CeHe, AcOH, xylene, l-hydroxy-2- 
methyI-4-chloroanthraquinone, yel.-br. cryst., m.p. 177-179° (4). 

C htd, with KOH 4- CH3I yields (1) 4-chloro-2-methylanisolc, volatile with steam, b.p. 
212.6-214.6° cor. at 758 mm. (1). 

(© 4-Cliloro-2-methylphenyl benzoate: from 0 4- BzCl 4- aq. NaOH; Ifts. from pet. 
eth., m.p. 71-72° (1). 

3:0780 (1) Peratoiier, Condorclli, Gazz. chim. ital. 28, I 211 (1S98). (2) KUtrmann, Rhternov 

Gates, J. Am. Chem. Soc. 55, 2686 (1933). (3) Zinoke, Ann. 417, 222-223 (1918) (4) Wald- 
mann, Sellner, J. prakt. Chem. 150, 162 (1938). (5) Suh, AikIcisoii, J. Am. Chem. 3105 

(1941), 


3:0810 1,6-DICHLORONAPHTHALENE 

(2,5-Dichloronaphthalene) 


Cl 


CioHaClz 


Cll 


M.P. 49° (1) (2) 

48.5-49° (3) 

48° (4) (5) (9) (12) (13) (18) (19) 

47-48° (11) 


Beil. V - 543 
Vi-(262) 
V2-(446) 


Ndls. from ale. — Volatile with steam. — Sublimes. 

[For prepn. of C from naphthalcnedisulfonic acid-1,6 [Beil. XI-213J (16), from K salt 
of 6-chloronaphthaleiiesulfonic ficid-l [Boil. XI-1611 (4), from 6-chloronaphthalenesiilfonyl 
chloride-1 [Beil. X1-161J (7), from 6-bromonaphthalenesulfonyl chloride-1 [Beil. XI-165] 
(8), from 5-chloronaphthalenesulfonyl chloride-2 [Beil. Xl-180] (7), from 5-nitronaphthalene- 
sulfonyl chloridc-2 [Beil. XI-186] (9), from 6-chlororiaphthol-l (3:2615) (5), or from 
naphthalene-1, 6-6ts-(sulfonyl chloride) [Beil. XI-214] (10) (3) (6) by htg. with PCI5 as 
directed see indie, refs.; for prepn. of C from 5-chloronaphthalenesulfonyl chloride-1 or 
6-chloronaphthalenesulfonyl chloride-1 (both above) by htg. at 210-250° see (7); for prepn. 
of 0 from 6-chloronaphthylamine-2 via diazotization and use of CU2CI2 reactn. see (2); 
from 6-sulfonaphthylamine-l [Beil. XlV-758, XIVi-(735)] or from 5-sulfonaphthylamine-2 
[Beil. XIV-748, XIVi-(733)] via treatment of corresp. diazonium salt with PCl6 in PCI3 
see (11); from 1,6-diaminonaphthalene [Beil. XIII-204] by tetrazotization in HCl and htg. 
with Cu pdr. (24% yield (3)) (12) (13) see indie, refs.; for prepn. of C from 1 ,6-dichloro- 
naphthalenedisulfonic acid-4,8 [Beil. XI-213] or from 1,6-dichloronaphthalenedisulfonic 
acid-3,8 [Beil. XI-214] via hydrolysis of the — SO3H group by htg. with dil. H2SO4 in s.t. 
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at 180-200® see ( 1 ); from l, 6 -dichloronaphtha]ene 8 ulfonyl chloride-3 [Beil. Xl-182] <14) 
or from 1,6-dichloronaphthalenesulfonyl chloride-1 [Beil. XI-163I (18) by htg. with cone. 
HCl in s.t. at 290® see indie, refs.; from sodium a-naphthalenesulfonate [Beil. XI-155, 
XIi-(37)] with boilg. dil. HCl KCIO 3 (other products are also formed) see (15).] 

[C on mononitration in AcOH with fumg. HNO 3 yields (19) (20) l,6-dichloro-4-nitro- 
naphthalene [Beil. V-556], m.p. 119® (19) ] 

[C on monosulfonation with mixt. of equal vols. cone. + fumg. H 2 SO 4 (17) or with 
CISO 3 H in CS 2 (18) gives 1,6-dichloronaphthalenesulfonic acid-4 [Beil. XI-163] (corresp. 
sulfonyl chloride, m.p. 151® (17) (18), corresp. sulfonamide, m.p. 216® (18)).l 

[C on oxidn. with dil. HNO 3 in s.t. at 150® yields (19) a mixt. of S-chlorophthalic acid 
(3 : 4820) and 4-chlorophthalic acid (3 : 4J390) together with their nitro derivs.] 

3:0810 (1) Friedlander, Kielbasin.ski, Ber. 20, 1980-1982 (1896). (2) Schroetcr, Ber. 03, 1318 

(1930). (3) Hampson, Weissberger, J. Chfitn. Boc. 1936, 394. (4) Forsling, Ber. 20, 2105 (1887). 

(5) Erdmann, Kirchhoff, Ann. •UT, 379 (1888). (6) Ferrero, BolliRer, Helv. Chim. Acta 11, 1146- 

1150 (1928). (7) Armstrong, Wynne, Chem. News 71, 255 (1895). (8) Sindall, Chem. News 60, 

68 (1889). ( 9 ) Clevo, Bull. soc. chim. (2) 26, 448 (1876). (lO) Armstrong, Wynne, Chem. News 

62, 164 (1890). 

( 11 ) Erdmann, Ann. 275, 214- 215, 256, 279 (1893). (12) Friedlander, Szymanski, Ber. 25, 

2081 (1892). (13) Kehrmann, Matis, Ber. 31, 2419 (1898). (14) Armstrong, Wynne, Chem. 

News 76, 69 (1897). (15) Kozlov, Talybov, J. Gen. Chem. (U.B S.R.) 9, 1827-1833 (1939); 

C.A.34,4067 (1940). (16) Zirherman, Ilaslicvaskaya, Martyntsova, J. Applied Chem. (U.S.S.R.) 

9, 1832-1840 (1936); Cent. 1937, I 4787, C.A. 31, 2597 (1937). (17) Cleve, Ber. 24, 3477-3478 

(1891). (18) Armstrong, Wynne, Chem. News 61, 274-275 (1890). (19) Clove, Bull. soc. chim. 

(2) 29, 499 (1878). (20) Arnustrong, Wynne, Chem. News 61, 94 (1890). 


3:0825 2,4-DICHLOROBENZOPHENONE C laHsOClz 

(2,4-Dichlorophenyl phenyl 
ketone) 




Beil. VII - 420 
vni- 


M.P. 48-49° ( 1 ) ( 2 ) 
52° (3) 


Cryst. (from ale. ( 1 )). 

[For prepn. from ?rt-dichlorobenzenc (3:5960) + BzCl (3:6240) AICI 3 at 110-140® 
see (3) (2); for prepn. (67% yield (1)) from 2,4-dichlorobenzohydrol by oxidn. with CrOa 
in Ac(3H see ( 1 ).] 

C fused for 3 hrs. at 200° with a. mixt. of KOH NaOH gives (1) m-dichlorobenzene 
(3:5960) and BzOH (1:0715) (92% yield (1)). 

[C does not give a smooth reaction with NaOMe ( 2 ).] 

3:0825 ( 1 ) Lock, Rodiger, Ber. 72, 868-869 (1939). (2) van de Lande, Rec. trav. chim. 51, 99, 

105 (1932). ( 3 ) Boeseken, Rec. trav. chim. 27, 15 (1908). 


3: 0840 2,7-DICHLORO-2,7-DIMETHYLOCTANE C 10 H 20 CI 2 

Cl Cl 

CH3— i-~CII2.CH2.CH2.CH2 -~(!)--CH 3 

hus <: h 3 


Beil. I — 

11- (66) 

12— 


M.P. 49® (1) 



8 ; 0840-3: 0846 2 J-DICHLORO-2.7-DIMETHYLOCTANE 


Cryst. (from abs. ale.) with agreeable musk-like odor. 

[For prepn. of C from 2,7-dimethyloctanediol-2,7 [Beil. Ii“(257)] with cone. HCl in the 
cold or with HCl gas in toluene see ( 1 ).] 


3:0840 (1) Bouvet, BvU. soc. chim. (4) 17, 204 (1915). 

3: 0843 CHLORAL n-BUTYLALCOHOLATE C 6 H 11 O 2 CI 3 

(''rrichloroaeetaldehyde CI 3 C — CH — O — CH 2 .CH 2 .CH 2 .CH 3 

n-butylhemiacetal) 1 


Beil. I - 688 

Ii— 


M.P. 49-50® (1) B.P. 129-130® at 742 mm. (3) 

49® <2) (3) 129-130® cor. (1) 

Colorless ndls. 

[For prepn. of C from anhydrous ehloral (3:5210) with 1 mole n-butyl aleohol (1 :6180) 
( 1 ) ( 2 ), or from chloral hydrate (3:1270) under reflux with ti-BuOH (yields: 54% in 46 
min., 28% in 60 min. (3)) or with tri-n-butyl orthoformate, see indie, refs.; for study of 
formn. of C from cliloral cthylalcoholate (3:0860) or from chloral n-propyl-hemiacetal by 
reflux with n-BuOH for 45 min. (yield 40-50%) see (3).J 
[C with AcCl givfts (78% yield ( 1 )) corresp. acetate, b.p. 129-131° at 20 mm. ( 1 ).J 
[For behavior of C with diazomethane see (4).] 

3:0843 (1) Fourneau, Florence, Bull. soc. chim. (4) 47, 352 (1930). (2) Kuntze, Arch. Pharm. 
246. 98 (1908). (3) Post, J. Org. Chem. 6 , 832-833 (1941). (4) Meerwein, Bersin, Burneleit, 
Ber. 62, 1009 (1929). 


3:0844 2-CHLORO-3,6-DIMETHyLPHENOL CgHoOCl BeU.VI — 
( 6 -Chloro- 7 ri- 5 -xylenol) OH VIi — 

O Cl Via- (464) 

C 

M.P. 49-50° (1) 

[For formn. of C from 3,5-dimethylphenol (si/m.-m-xylenol) (1:1455) with SO 2 CI 2 in 
CHCI 3 (as by-product of the principal isomer 4-chloro-3,5-dimethylphenol (3:3505)) 
see ( 1 ).] 


2-Cliloro-S,6-(limethylphenyl acetate: unreported. 

2-Chloro-3,6-dimethylphenyl benzoate: unreported. 

3:6844 (1) Lesser, Gad, Ber. 56, 974 (1923). 


3: 0846 l,l,l-TRICHLOROPROPANOL-2 CsHbOCh 

(/8,i8,/9-Trichloroisopropyl CH 3 — CH— CCls 

alcohol; ** Isopral ”) 

M.P. 59-51° ( 1 ) B.P. 161.8® cor. at 774 mm. (5) 

50® (2) (3) 161.8® at 773 mm. (1) 

49.2® (4) ( 6 ) 63-65® at 20 mm. (19) 

49® (5) 53-55® at 12 mm. (3) 

46-49° (19) 


Beil. I - 365 

11- (185) 

12- (385) 


Hexag. cryst. from aq. (7); for crystallographic data see ( 2 ). — Spar. sol. aq., eas. sol. 
org. solvents (for data see (7)). — C has high vapor press, (for measurement see ( 2 )) and 
sublimes even at ord. temp, (for study of sublimation of C by various methods see (5)). 
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[For prepn. of C from l,l,l**trichloropropanone*2 (3:5620) by reduction with fused 
Al(OEt)s in abs. ale. under H2 or N2 (8) or with AlEts etherate in ether (3) (yields: 67% 
(8), 66% (3)) see indie, refs.; for prepn. of C from chloral (3:5210) with CHsMgBr {9} 
(19) (2) cf. (4) or MeMgl (2) cf. (4) (yield: 40% (9) (2)) see indie, refs, (note that by this 
method the normal addn. of RMgX leading to C is accompanied by reduction leading to 
2,2,2-trichloroethanoI (3 : 5775) and the relative proportion of these two reactions is pro- 
foundly influenced by the pres, of metal salts (9)); for prepn. of C from chloral (3; 5210) 
with ZnMe2 see (6).J 

C is used as hypnotic pharmaceutical under the trade name “ Isopral ** (10), for use as 
seed disinfectant see (11); for study of disinfectant power and toxicity see (12); for com- 
parative study of narcotic action see (13). — For study of tests for C see (7) (14). 

C on reduction in aq. AcOH + Zn dust in cold yields (15) 1,1-dichloropropene-l (3 : 5120). 

C on oxidn. with fumg. HNO3 under reflux for 5 hrs. gives (2) trichloroacetic acid 
(3 :1150); use of K2CR2O7 -f H2SO4 gives only insignificant yields (2) while less strong 
HNO3 even after 4 hrs. at 100° has only slight action (2). 

C with P2O6 on htg. loses H2O giving (84% yield (19)) (2) l,l,l-trichloropropene-2 
(3:^45), b.p. 114-115° at 757 mm. (2). 

[C with HNO3/H2SO4 mixt. yields (2) /S,j8,i9-trichloroisopropyl nitrate, oil, D!? = 1.499, 
Wd = 1.47892, but decompg. on htg. — C with PCI3 or PCI5 yields (2) (1) various partial 
ester/acid chloride derive, of phosphorous or phosphoric acids. — C with SOCI2 evolves 
HCl + 8O2 and also yields (2) a liq. presumably j8,/8,/8-trichloroisopropyl chlorosulfonate.) 

C with aq. or ale. NaOH or cone. aq. Na2C03 gives on htg. (16) (17) mainly acetaldehyde 
(1:0100) and lactic acid (1:0400), also accompanied by formic acid (1:1005) and carbon 
monoxide; for use of this reactn. in detection of C see (14). — C with EtOH/NaOEt on 
htg. gives (15) ethyl a-ethoxypropionate [Beil. III-280, IIIi-(109), IIl2-(206)l, b.p. 156° 
cor. at 760 mm., l>i^ = 0.9446, n|? = 1.40125. 

[C with AcCl yields (2) /3,/9,j9-trichloroisopropyl acetate, b.p. 180-181° cor. 766 mm., 
m.p. + 8°, />}i - 1.353, no = 1.46017 (2).] 

j8,/9,i8-Trichloroisopropyl carbamate: cryst. from CeHe, m.p. 126° (18). Prepd. 

indirectly from /3,/8,/8-trichloroisopropoxy MgBr with phosgene in toluene, followed by 
treatment with NH3 (35% yield (18)).) 

3:0846 (l) Henry, Comvt. rend. 138 , 205 (1904). (2) Vitoria, Rec. trav. chim. 24 , 265-287 (1905) ; 
BuU. acad. roy. Belg. 1904 , 1087-1123; Cent. 1905 , I 344-345. (3) Meerwoin, Hina, Majert, 
Sohnko, J. prakt. Chem. (2) 147 , 236-237 (1936). (4) Bayer and Co., Ger. 151,545, May 20, 

1904; Cent. 1904 , 1 1586. (5) Eder, Haas, Mikrochemie (Emich Festschrift), 1930 , 59, 67, 78, 80. 
(6) Garzarolli-Thurnlackh, Ann. 210 , 77-79 (1881). (7) Genot, J. pharm. Belg. 12 , 735-736 
(1930); Cent. 1930 , II 3062. (8) Meerwein, Schmidt, Ann. 444 , 234 (1925). (9) Kharasch, 

Kleiger, Martin, Mayo, J. Am. Chem. Soc. 63 , 2306-2307 (1941). (10) CeiU. 1903 , II 899. 

(11) von Louthold, Austrian 145,527, May 11, 1936; Cent. 1936 , II 1052. (12) Howard, 

Stimpert, J. Am. Pharm. Aaeoc. 14 , 487-489 (1925); Cent. 1925 , II 1696; C.A. 19 , 2864 (1925). 
(13) Lendle, Arch. expU. Path. Pharmakol. 125 , 287-300 (1927); Cent. 1928 , I 715; C.A. 22 , 639 
(1928). (14) Serantes, Aiiales soc. quim. argentina 12 , 199-200 (1924); C.A. 19 , 704 (1925). 
(15) Wohl, Koth, Ber. 40 , 215-216 (1907). (16) Hebert, Bull. soc. chim. (4) 27 , 49 (1920). 
(17) Mossier, Monatsh. 29 , 583-590 (1908). (18) Yoder, J. Am. Chem. Soc. 45 , 479 (1923). 
(19) Kharasch, Rossin, Fields, J. Am. Chem. Soc. 63 , 2559-2560 (1941). 
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3:0855 rf,I-a,/3-DICHLOROPROPIONIC ACID C 3 H 4 O 2 CI 2 - 2S2 

CHy-CH— COOH ni-(lll) 

h ii 

M.P. 50® <1) (10) B.P. 310® si. dec. at 762 mm. (1) 

49.5® (2) 130-133® at 26 mm. (3) 

49-50® (3) 112-115® at 12 mm. (6) 

49® (4) 

47-50® (5) 

(For prepn. from methyl a,/9-dichloropropionatc (3:9103) by boilg. with 20% HCl 
(65% yield) see (3); from 2,3-dichloroprppanol-l (“ /3-dichIorohydrin ”) (3:6060) by 
oxidn. with HNO 3 see (1) (6) (7) (2) (5); from a,/3-dichl6roacrolein by oxidn. with HNO 3 
see (7); from a-ehloropropionic acid (3:6125) with CI 2 at 45® see (8); for formn. of C from 
a-chloroacrylic acid (3:1445) (6) (9) or from a-chloro-/3-hydroxypr()pionic acid (a-chloro- 
hydracrylic acid) (Beil. III-298] (10), or a, /3-di hydroxy propionic acid (glyceric acid) (11) 
by htg. with fumg. HCl in s.t. at 100®, see indie, refs.] 

C with aq. or ale. readily loses HCl yielding (12) (6) (9) a-chloroacrylic acid (3:1445), 
m.p. 65°. 

C in MeOH treated as directed (13) with activated Zn gives (72% yield) acrylic acid 
(1:]020), b.p. 140®. 

(C with SOCI 2 gives (15) a,/8-dichloropropionyl chloride (3:9032).] 

C htd. with Ag 2 C 03 yields (5) a-chIoro-/3-hydroxypropionic acid (a-chlorohydracrylic 
acid). 

Methyl a,/3-dichloropropionate : b.p. 72-75® at 21 mm. (see 3:9103). 

Ethyl a,/9-dichloropropionate : b.p. 183-184® (see 3:6090). [For the sec-butyl, 

/8-chloroethyl, and cyclohcxyl esters of C sec (3); for glycol and other esters see (14).] 

a,/3-Dichloropropionamide : unreportod. 

a,i9-Dichloropropionanilide : unreported. 

— a,/9-Djchloropropion-^-toluidide: unreportt'd. 

3:0855 (1) Henry, Brr. 7, 414 (1874). (2) Bockemuller, Hoffmann, Ann. 519, 190 (1935). 

(3) Marvel, Doc, Cooke, Cowan, J Avi. Cheni. Soc. 62, 3495-3498 (1940). (4) Simpson, J. Am. 

Chem. Soc. 40, 076, 679 (1918). (5) Koelsch, ./. Am. Chem. Soc. 52, 3365 (1930). (O) WeriRo, 

Melikov, Ber. 10, 1499-1500 (1877). (7) Yarn.all, Wallis, J. Org. Cheyn. 4, 287 (1939). (8) 
Rohm & Haas Co., Ger. 579,654. June 29, 1931, Cent. 1933, II 1587. (9) Otto, Beckurts, Ber. 
18, 244 (1885). (10) Melikov, Ber. 13, 274 (1880). 

(11) Werigo, Melikov, Ber. 12, 178 (1879). (12) Werigo, Werner, Ann. 170, 168 (1873). 

(13) R6hm & Haas Co., Gcr. 575,423, Apr. 27, 1933; Cent. 1933, II 133. (14) Pollack (to Pitts- 
burgh Plate Glass Co.), U.S. 2,257,021, Sept. 23, 1941; C.A. 36, 95-96 (1942). (15) Leimu, 

Ber. 70. 1046, 1050 (1937). 
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3 : 0860 CHLORAL ETHYLALCOHOLATE C 4 H 7 O 2 CI 8 

(Chloral alcoholate; tri- CI3C.CH — OC^Hs 

chloroacetaldehyde 
(mono ) ethylacetal ) 

M,P. 156-57“ (1)1 B.P. 115-117“ (1) 

50“ (2)(3) 116.8“ at 771 mm. (5) 

47.5“ (4) 115-116“ (9) 

46.6“ (5) 111.0 at 741.4 mm. (4) 

46“ (6) (7) 

45.3“ (10) 

45“- 46.5“ (8) 

40“ (9) 

[See also chloral (3:5210) and chloral hydrate (3:1270).] 

PREPARATION 

From chloral. [For propn. of C from chloral (3:. 52 10) with EtOH (1:6130) (yields: 
100% (11), 71.3% with 95% l^itOH refluxed 2 hrs. (4) (9) (12)) sec indie, refs.; for influence 
of solvents see (13) (14); for formn. of C from chloral (3 ; 5210) -f AcH Al(OEt)3 see (8).] 

From chloral hydrate. [For prepn. of C from chloral hydrate (3:1270) with EtOH 
(1:6130) (yield: 75% in 60 min., 38% in 24 hrs. reflux (4)), with tricthyl orthoformate 
(1 :3241) (25% yield in 105 min. reflux (4)), or with tetraethyl orthosilicate (4% yield in 
4 hrs, reflux (4)) see indie, refs.] 

From ethyl alcohol. [P'or formn. of C as end prod, of reaction of ethyl alcohol (1 ; 6130) 
with CI2 see (15).] 

PHYSICAL PROPERTIES 

C is less sol, in aq. than chloral hydrate (3:1270) (6) (7). — [For study of toxicity of C 
as compared with chloral hydrate (3; 1270) see (29).] 

CHEMICAL BEHAVIOR 

Dissociation. C on distillation (7) or in some solns. in org. solvents cf. (17) (2) (18) is 
partially dissociated into chloral (3:5210) and P^tOH (1 :613n). 

Behavior with Inorganic Reactants 

With H 2 SO 4 . C with cold cone. H2SO4 yields (1) chloral (3 : 5210) (or its pol3mierization 
products) and EtHS04. 

With aq. alkali. C with aq. alkali gives (6) CHCI3 (3:5050) + salts of formic acid 
(1 : 1005). 

With chlorine. [C with CI2 at 80“gives(19) trichloroacetaldehyde dicthylacetal (3 : 6317).] 

With PCI 5 . [C with PCI5 in ether below 20“ (20) (4) cf. (21) (22) gives (yields: 55-74% 
(20), 25-33% (11)) a,i3,/9,/9-tetrachloroethyl ethyl ether [Beil. 1-623, l2-(681)l, b.p. 189.7“ 
at 758.7 mm. (21), 189.4“ at 749.1 mm. cor. (20), 184“ at 738 mm. (4), 79“ at 16 mm. (20); 
Z)l* = 1.4225 (20).] 

Behavior with Organic Reactants 

With other alcohols. [C with other alcohols may undergo an exchange of alkyl radicals; 
for studies of such interchange see (4) (2).] 


Beil. I - 631 

11- (330) 

12- (681) 
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With ale. NaOEt. [0 with EtOH/NaOEt yields (23) CHCU (3 : 5050) + ethyl formate 
(1:3000).] 

With ale. KCN. [C with EtOH/KCN gives within 1 min. ( 88 % yield (24)) ethyl di- 
chloroacetate (3:5850): cf. behavior of chloral (3:5210) with KCN in various alcohols.] 
With acid chlorides. [C with AcCl (3:7065) gives (25) the corresp. acetate [Beil. 
I-153J, b.p. 198°. — C with isovaleryl chloride (3:7560) gives (41% yield (26)) the corresp. 
isovalerate, b.p. 143° at 20 mm. (26).] 

With diazomethane. [C with CH 2 N 2 in EtOH soln. at 0° gives (27) trichloroacetalde- 
hyde ethyl-methyl-acetal [Beil. 1-621, l2-(681 )], b.p. 193.4° cor. (28), 78-80° at 13 mm. (27) 
accompanied by 3, 3,3-trichloro-l, 2-epoxypropane (3:5760).] 

® Behavior on heating. Note that C on htg. gives off inflammable vapor (EtOH) 
(dif. from chloral hydrate (3 : 1270) whose initial ignition cannot be maintained). 

® Behavior with cone. HNO 3 . C reacts violently on warming with cone. HNO3 (dif.) 

from chloral hydrate (3:1270) which is almost unaffected). 

® Iodoform test. C with aq. alk. -|- I 2 /KI soln. on warming gives iodoform, m.p. 119° 
accompanied of course by CHCI3 (3:5050) (dif. from chloral hydrate (3:1270)). 

3:0860 (1) Jacobsen, Ann. 167, 244-245 (1871). (2) Willcox, Brunei, J. Am. Chem. 80 c. 38, 
1821-1841 (1916). (3) Kuntze, Arch. Pharm. 246, 98 (1908). (4) Post, J. Org. Chem. 6, 830- 
835 (1941). (5) Leopold, Z. phyaik. Chem. 66, 359-380 (1909). (6) Trillat, Bull. aoc. chim. 

(3) 17, 233-234 (1897). (7) Lieben, Ber. 3, 909-910 (1870). (8) Nagai, Biochem. Z. 162, 268 

C924). (9) Martius, Mendelssohn-Bartholdy, Ber. 3, 444 (1870). (10) Kurnakow, Efrema, 

Z. phyaik. Chem. 86, 411-418 (1913). 

(11) Magnani, McElvain, J. Am. Chem. 80 c. 60, 2212 (1938). (12) Personne, Compt. rend. 
60, 1363 (1869). (13) Grabowsky, Herold, Z. phyaik. Chem. B-28, 290-302 (1935,. (14) Buth- 

mann, Z. phyaik. Chem. B-23, 100-104 (1933). (15) Chattaway, Backeberg, J. Chem. Soc. 126, 

1097-1101 (1924). (16) Bruner, Cent. 1902, I 978. (17) Beckmann, Z. phyaik. Chem. 2, 724- 
728 (1888). (18) Willcox, Brunei, J. Am. Chem. Soc. 38, 2533-2535 (1910). (19) Byasson, 

Bull. aoc. chim. (2) 32, 304 (1879); Compt. rend. 87, 26 (1878). (20) Nehor, Foster, J. Am. Chem. 

Soc. 31, 410-412 (1909). 

(21) Paterno, Pisati, Oazz. chim. ital. 2, 333 -338 (1872). (22) Henry, Ber. 4, 101, 435-438 

(1871). (23) Kekul6, Ann. 119, 188-189 (1861). (24) Chattaway, Irving, J. Chem. Soc. 1929, 

1042. (25) Meyer, Dulk, Ann. 171, 69-72 (1874). (26) Fourneau, Florence, Bull. soc. chim. 

(4) 47, 353 (1930). (27) Moerwein, Bersin, Burneleit, Ber. 62, 1002, 1007-1009 (1929). (28) 

Magnanni, Oazz. chim. ital. 16, 331 (1886). (29) Adams, J. Pharmacol. 78, 340-345 (1943); 

C.A. 37, 6035 (1943). 


3:0870 l,2,3,4-TETRACHLOROBUTADIENE-l,3 C 4 H 2 CI 4 Beil. S.N. 13 

(Solid stereoisomer) HO=C— C=CH 

(k ii ii ii 

M.P. 50“ (1) 

[See also the liquid stereoisomer (3:6150).] 

[For isolation of C from the high-boilg. fractn. resulting in the preparation of trichloro- 
ethylene (3:5170) from 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (3:5750) see 

(1)J 

C adds CI 2 (although much more slowly than its liquid stereoisomer) yielding 1, 1,2, 3,4,4- 
hexachlorobutene-2 (3:1945), m.p. 80° ( 1 ). [This product with Zn/Cu couple in hot ale. 
regenerates C, but in ale. with Ca(OH )2 or with alk. at room temp, gives the liquid stereo- 
isomer (3:9046) (1).] 

C in CHCI 3 treated with Br 2 gives (100% yield (1)) l,2-dibromo-l,2,3,4-tetrachloro- 
butene-2, m.p. 105° ( 1 ). [This prod, with Zn/Cu couple in hot ale. regenerates C ( 1 ).] 

3:0870 (1) Mttllei, Hiither, Ber. 64. 589-600 (1931); C.A. 26, 3956 (1931). 
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3: 0885 o-CHLORO-DIPHEimACETYL CHLORIDE C 14 H 10 OCI 2 BeU. IX - 675 
(Diphenyl-chloro-acetyl chloride) lXi-(383) 

0 — 0=0 

M.P. 51^ (1) B.P. 180*^ at 14 mm. <3) 

50^ (2) ( 8 ) (11) 179-180*^ at 14 mm. ( 8 ) (11) 

49-50° (3) 

48.5-49.5° (9) 

Cryst. from Igr. 

[For prepn. of C from benzilic acid (a-hydroxy-diphenyl-acetic acid) (1:0770) with 
2 moles PCI5 at 120-130° (2), at 100° (8) (68% yield (9)), or with excess PCI5 in CeHe at 
room temp. (7) see indie, refs. (Note that benzilic acid dislvd. in undil. SOCI2 yields (4) 
benzophenone (1:5150), that benzilic acid treated with 3 moles SOCI2 in CCI4 for several 
days at room temp. ppts. (5) diphenylchloroacetic aeJd (3:3585), m.p. 118-119° dec., and 
that benzilic acid in CCI4 with 6 moles SOCI2 refluxed for several days 3delds (5) on conen. 
of the soln. diphenyl-chloro-acctic anhydride [Beil. lXi-(228)], m.p. 129° (5).) — For 
formn. of C from dipheiiylketene [Beil. VII-471, VIIi-(254)] with SOCI2 or SO2CI2 by htg. 
at 100° in s.t. in absence of air (1), or from diphenyldiazomcthane [Beil. VIl-418, VIIi- 
(226)] with liq. phosgene in pet. ether in s.t. (92% yield), see (6).] 

[For abnormal reactn. of C with CoHsMgBr see (9) (10); for reactn. of C with Zn filings 
in dry ether yielding diphenylketene (above) see (1 1); for reactn. of C with phenylhydroxyl- 
amine in ether giving quant, yield of anhydro-[N-phenyl-benzilhydroxamic acid] [Beil. 
XXVIIi-(290)|, cryst. from MeOH, m.p. 72-73°, see (12).l 

C in ether treated with gaseous NH3 (2) (13) yields a-chloro-diphenylacetamide, m.p. 
115° (2), 111-113° (13). [This product on boilg. with aq. yields (2) benzilamide, m.p. 
15f (2).] 

C dislvd, in dry ether and treated with 2 moles aniline in dry ether ppts. aniline hydro- 
chloride and from the filtrate addn. of j)et. ether ppts. (3) a-chloro-diphenyl-acet-anilide, 
m.p. 88° (3); this prod, on htg. with more aniline or C warmed with 4 moles aniline yields 
(3) a-anilido-diphenyl-acet-anilide, ndls. from ale., m.p. 181-182° (3). [Both the first 
prod, (on treatment with Na2C03) and the latter prod. (f)n HCl hydrolysis) yield (3) 
benzilic acid anilide, m.p. 175° (3).] 

3:0885 (1) Staudinger, Gohring, Scholler, Ber. 47, 47-48 (1914). (2) Bickel, Ber. 22, 1538- 

1539 (1889). (3) Klinger, Ann. 389, 255-264 (1912). (4) Meyer, MonaUh. 22, 793 (1901). 

(6) Stolli, Ber. 43, 2471-2473 (1910). (6) StaucUnger, Anthes, Pfenninger, Ber. 49, 1939-1940 

(1916). (7) Setlur, Nadkaring, Proc. Indian Acad. Sci. 12-A, 266-269 (1940); C.A. 35, 1398 

(1941). (8) Staudinger, Ann. 356, 72-75 (1907). (9) McKenzie, Boyle, J. Chem. Soc. 119, 

1137-1139 (1921). (10) Boyle, McKenzie, Mitchell, Ber. 70, 2153-2160 (1937). 

(11) Staudinger, Ber. 38, 1735-1736 (1905). (12) Staudinger, Jelangin, Ber. 44, 371-373 

(1911). (13) Steinkopff, Ber. 41, 3593 (1908). 

3; 0900 18 -NAPHTHOYL CHLORIDE CuHyOCl Beil. IX -657 



M.P. 51° (1) B.P. 304-306° (2) 
43° (2) 
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Cryst. pdr. from CeHg It. pet. <1). — Sol. ether, CHCIs, CeHe; insol. aq. 

[For prepn. of C from /3-naphthoic acid (1:0800) with f*ClB (2) (3) or with SOCI 2 (100% 
yield (4)) (1) (5) see indie, refs.] 

C with ter bases -f- K 2 S 2 O 6 (6) or C with calcium /3-naphthoate at 150-160° (7) yields 
/9-naphthoic acid anhydride, m.p. 134° <7) [cf. a-naphthoyl chloride (3:6930)]. 

[C with AICI3 and hydrocarbons yields corresp. /S-naphthyl ketones: e.g., with biphenyl 
(8), with /9-methylnaphthalene (9), with 2,3- (10), 2,6- (11), and 2,7- (12) dimcthylnaphtha- 
lenes, or with anisole (13) see indie, refs.; C with llMgX cpds. also yields iS-naphthyl ketones; 
e.g., see (14).J_ 

[For use of C in prepn. of vat dyes from mono- and diamino-anthraquinones see (15).] 

C with hydrazine hydrate yields (5) both /3-naphthoylhydrazine (|8-naphthoylhydrazide), 
cryst. from ale., m.p. 147.5° (5), and Ar,V'-f)i.s-(/3-naphthoyl) hydrazine, cryst. from AcOH, 
m.p. 241° (5). 

C on hydrolysis yields /3-naphthoic acid (1:0800), m.p. 184°. — For the amide, anilide, 
p-toluidide, and other derivs. corresp. to C see /3-naphthoic acid (1:0800); in addition see 
below. 

® /3-Naphthoic /3-naphthalide: ndls. from hot CHCI3, m.p. 238° (4). [From C + /S- 
naphthylamine in CeH^ (4).j 

3:0900 (1) BeU, J. Chem, Soc. 1930, 1985. (2) Vieth, Ann. 180, 317-319 (1875). (3) Raiford, 
Laiikelma, J. Am. Ckem. Soc. 47, 1118 (1926). (4) Beckmann, Licsche, Corrons, Ber. 56, 352 
(1923). ( 5 ) Goldstein, Cornamiisaz, Helv. Chim. Acta 15, 941 (1932). (t>) Gasopoulos, Praktika 

6, 347-353 (1931) ; Cent. 1933, 1 3172; C.A. 27, 3204 (1933). (7) IIau.samann, Ber. 9, 1515 (1876). 

(8) de Ceuster, Cent. 1932, II 1296. (9) Glar, Ber. 62, 350-357 (1929). (lO) C^ok, J. Chem. 

Soc. 1933, 1596. 

( 11 ) Fieser, Dietz, Ber. 62, 1831 (1929). (12) Gook, J. Chem. Soc. 1931, 492. (13) Migita, 
BtUl. Chem. Soc. Japan 7, 379 (1932). (14) Fieser, Scligman, J. Am. Chem. Soc. 58, 478-480 

(1936). (15) Meyer, Hopff (to I.G.), Ger. 432,579, Aug. 7, 1926; Cent. 1926, II 2231. 


3: 0915 1,2,3,6-TETRACHLOROBENZENE 


Cll 


C 6 H 2 C 14 

Beil. V - 304 

c* 

Vi-(U3) 

L. 

Vi!-(157; 


M.P. 61° (1) (2) (3) B.P. 246° cor. (5) 

60.6-61.0° (4) 

50.3-51.3° (6) 

50-51° (5) (7) 

49° (8) 

Ndls. from ale. — Spar. sol. cold ale.; eas. sol. CeHe, very eas. sol. CS 2 or Igr. — Volatile 
with steam. 

[For prepn. of C from 2,4,6-trichloroaniline [Beil. XII-627, XIIi-(312)] via diazotization 
and use of CU 2 CI 2 reactn. (2) (6) (9) or otherwise (5) (yield: 64% (6), 61% (9), 55.8% (2)) 
see indie, refs.; from 2,3,4,6-tetrachloroaniline [Beil. XII-630, XIIi-(313)] by replacement 
of — NH 2 by — H (3); from 2,6-dichloro-p-phenylenediamine [Beil. XIII-118, XIIIi-(37)] 
via tetrazotization and warming with CU 2 CI 2 see (7); for formn. of C from p-dichlorobenzcne 
(3:0980) with AICI3 + S 2 CI 2 in SO 2 CI 2 at 40° (10% pure C -f- 67% 1,2,4,5-tctrachloro- 
benzene (3:4115)) see (1); from 2,4,6-trichlorophenol (3:1673) with PCI3 -f PCI5 in s.t. 
at 200-300° see Beil. V-204; from 3,5-dibromo-4-chlorobenzcncsulfonyl chloride (10) or 
2,5-dichlorobenzene-l,3-6is-(suIfonyl chloride) (8) or chlorobenzene-2, 4, 6-<m-(suIfonyl 
chloride) (4) on htg. in s.t. with PCIb see indie, refs.; for formn. of C from 1,3,5-trichloro- 
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benzene (3:1400) with CI 2 in pres, of Al/Hg see (11); from benzene ( 12 ), chlorobenzene 
(13), or diphenyl sulfone (14) with CI 2 followed by treatment with ale. KOH see indie, refs.] 
[For behavior of C with liq. CI 2 yielding addn. products see (16).] 

[For behavior of C with NaOMc see ( 2 ) (16).] 

C on mononitration, c.g., by boilg. for ^ hr. with 3 pts. HNO 3 (D = 1.52) as directed 
(17), gives 96.7% yield (17) l,2,3,5-tetrachloro-4-nitrobenzene, cryst. from spontaneous 
evapn. of ale. soln., m.p. 40-41° (17) (the mp. of 21-22° previously reported (5) was on 
impure material). 

C on dinitration, e.g., by boilg. with a mixt. of 10 pts. fumg. HNO 3 (D ~ 1.52) -f 4 pts. 
cone. H 2 SO 4 for 1 hr. and then pouring into aq. (17), gives ( 100 % yield (17)) (9) 1,2,3,5- 
tetrachloro-4, 6 -dinitrobenzene [Beil. V-266], pi. from 90% AcOH, m.p. 162° (9), 161-162° 

(17) . (This prod, on htg. with aniline yields (9) (18) 2-<hloro-l,3,5-trianilino-4,6-dinitro- 
benzene, crimson pi., m.p. 179° (9), 179-180° (18).) 

3:0915 ( 1 ) Silberrud, J. Chem. Soc. 121 , 1020 (1922). (2) Holloman, Rec. trav. chim, 39 , 739, 

749 (1920). (3) Willgerodt, Wilckc, Ber. 43 , 2752 (1910). (4) Olivier, Rec. trav. chim. 39 , 197 

(1920). (5) Bcilstein, Kurbatow, Ann. 192 237-23S (1S78). (G) Dadieu, Pongratz, Kohl- 

rausch, Monatsh. 61 , 433-434 (1932). (7) Schouti.ssen, J. Am. Chem. Soc. 55 , 4539 (1933). 

(8) Gcbauer-FulncRK, Figdor, Monatsh. 48 , G33 6.34 (1027). (9) Jackson, Carlton, Ber. 35 , 

3855 (1902); Am. Chem. J. 31 , 365-368 (1904). (lO) .\nschutz, Molineus, Ann. 415 , 62 (1918). 

(11) Cohen, Hartley, J. Chem. Soc. 87, 1366 (1905). (12) Istrati, Arm. chim. (6) 6, 380, 384, 

391 (1885). (13) Jungfleisch, Ann. chim. (4) 15, 299, 302 (1868). (14) Otto, Ostrop, Ann. 141 , 
105 (1867). (15) van der Linden, Rec. trav. chim. 55, 421-430 (1936). (16) de Crauw, Rcc. 

trav. chim. 50, 787 (1931). (17) Berckmaiis, llollcman, Rec. trav. chim. 44, 852-856 (1925). 

(18) Qvist, Salo, Acta Acad. Ahoensis Math, et Phys.Ht No. 4 (1934) ; Cent. 1934 , II 595; Cent. 1936 . 
I 540. 


3: 09*^5 aA/3-TRICHLORO-n-BUTYRIC ACID Cl C 4 H 5 O 2 CI 3 Beil. H -281 

cih-i— CII— COOH 

I I 

Cl Cl 

M.p. 51.5-63° (1) 

This, from Igr. — Spar. sol. aq., eas. sol. ale., ether, CeHe, CHCI3, CS 2 . 

[P'or prepn. of C from either /8-ehlorocrotonic arid (3:2625) or /S-chloroisocrotonic acid 
(3; 1300) in CS 2 soln. with CI 2 stood several days in the dark see (1).] 

[C in aq. with granulated Zn stood for 6 weeks, then acidified, yields (1) mainly /S-chloro- 
isocrotonic acid (3:1300) accompanied by some i8-chlorocrofconic acid (3:2625); note that 
former is separated from latter by its greater volatility with steam. 1 

C with aq. Na 2 C ()3 soln. on boilg. loses both HCl and CO 2 yielding the higher-boilg. 
(1)1 ,2-dichloropropenc-l (3 : 5150) . 

C with ale. KOH (2 moles) loses HCl yielding (1) mainly a,/8-dichloroisocrotonic acid 
[Beil. 11-418], m.p. 75.5°, accompanied by a little a,/3-dichlorocrotonic acid [Beil. 11-418], 
m.p. 92°; note that these are separated by the greater soly. of the former in Igr. (1). 

The acid chloride corresp. to C is unreported. 

Methyl a,^,|8-trichloro-n-butyrate: unreported. 

Ethyl a,i3,)3-trichloro-n-butyrate: unreported. 

a,/3,i8-Trichloro-n-butyrainide: unreported. 

a,j8,/8-Trichloro-n-butyranilide: unreported. 

ce^^-Tricbloro-n-butyr-a-napbthalide: unreported. 
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3:0925 (1) Szenic. Taggesell, Ber, 28 , 2665-2672 (1895). 

3:0935 2,6-DICHLORO-3,4-DIMETHyLPHENOL CsHsOCb Beil. VI — 
(3,5-Dichloro-o-4-xylenol) OH VIi — 

Cl/Nci Vl 2 -( 456 ) 

y™" 

0x13 

M.P. 52“ (1) 

Cryst. from It. pet. — Volatile with steam. 

[For prepn. of C from 6-chloro-2-amino^,4-dimethylphenol (5-chloro-3-amino-o-4- 
xylenol) (1) via diazotization and reaction with CU2CI2 (yield not stated) see <1); from 
2,6-dichloro-3,4-<limethylaniline (3,5-dichloro-o-4-xylidine) (2) via diazotization and 
hydrolysis (yield not stated) see <1).] 

The nitration of C has not been reported, and the expected 5-nitro-2,6-dichloro-3,4- 
dimethylphenol is unknown. 

2,6-Dichloro-3,4-dimethylphenyl acetate: unreported. 

(p 2,6-Dichloro-3,4-dimethylphenyl benzoate: m.p. 89“ (1). 

3:0935 ( 1 ) Hinkel, Ayling, Bevan, /. Chem. Soc. 1028 , 2532. (2) Hinkel, Ayling, Bevan, J. 
Chem. Soc. 1028 , 1878. 


3:0945 l-CHLORO-2,2,3,3-TETRAMETHyLBUTANE CgHnCl Beil. S.N. 10 
(Chlorohexamethylethane) CH3 CH.3 

CHs— C C— CII2CI 

(!;h 3 ills 

M.P. 63-63° ( 1 ) B.P. 80-81° at 40 mm. (1 ) 

Soft waxy solid with characteristic alkyl halide odor; on long stdg. the opaque crystn. 
structure disappears and C becomes transparent (1). 

[For prepn. of C from 2,2,3,3-tetramethylbutane (hexamethylethane) (1:7090) with 
CI2 in CCI4 soln. in sunlight (33% yield together with other products) see (1).] 

C with Mg 4- trace of I2 + a little C2H6Br in dry ether gives in 19 hrs. 70% yield cor- 
resp. RMgCl (accompanied by 24% 2,2,3,3,6,6,7,7-octamethyloctane, pi. from MeOH, 
m.p. 74.0-74.5°, from coupling of C) (1). 

C converted (as above) to RMgCl, treated with wet ether, and poured into dil. H2SO4 
gives <1) hexamethylethane (1:7090), m.p. 101-102° (1). 

0 converted to RMgCl (as above) and the ether soln. treated at —5° with CO2 gives 
(59% yield <!)) 3,3,4,4-tetramethylpentanoic acid, cryst. from dil. MeOH, m.p. 66-67° (1). 
[This acid with SOCI2 in CeHe gives (80% yield <1)) the corresp. add chloride, b.p. 87-88° 
at 20 mm., D?2 = 0.9821, wi? = 1.4557; the latter with dry NH3 in ether gives (77% ^ 
yield (1)) the corresp. amide, cryst. from CHCI3, m.p. 137-138° (a second cryst. form 
from MeOH has m.p. 149-150° but after fusion melts 137-138°), or with aniline in ether 
gives the corresp. anilide, cryst. from pet. eth., m.p. 175-176° (1).] 

C converted to RMgCl (as above) and the ether soln. treated at —5° with dry O2 for 
4 hrs. gives (53% yield (1)) 2,2,3, 3-tetramethylbutanol-l, very volatile solid, m.p. 149- 
150° [corresp. 3,5-dinitrobenzoate, m.p. 88-90°; V-phenylcarbamate, m.p. 65-66° (1)]. 
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C converted to RMgCl (as above) and treated with ethereal HgCb gives (36% yield 
(1)) 2,2,3,3-tetramethylbutyl mercuric chloride, feathery white cryst., m.p. 170-171® (1). 

3:0946 (1) Whitmore, Marker, Plainbeck, J, Am. Chem. Soc. 63, 1626-1630 (1941). 


3; 0960 4-CHLORO-2-HYDROXYBENZALDEHYDE C 7 HBO 2 CI 
(4-Chlorosalicylaldehyde) ScHO 

^ OH 


BeU. No. 744 


M.P. 52.6® (1) 

Long colorless ndls. from ale. or dil. AcOH (1). — C has odor of walnuts (1). — Cis 
apprec. sol. in aq. or aq. H2SO3; readily sol. in org. solvents. — C is very volatile with 
steam even from its yel. soln. in alk. <1). 

[For prepn. of C from m-(;hlorophenol (3:0255) via Reimer-Tiemann procedure see 

ill] 

C does not reduce NH4OH /AgNOs o Fehling soln.; is very resistant to oxidn. by acid, 
alk., or neutral KMn04, and to acetylation (but not benzoylation, q.v. below) (1). 

C with FeCla gives brown ppt.; with CUSO4 or Cr2 (804)3 -h dil. aq. alk. gives bright 
green copper salt and a dark green chromium salt (1). 

C on mononitration as specified (2) yields 5-nitro-4-cliloro-2-hydroxyben2aldehyde, pale 
yel. ndls. from ale., m.p. 116® (2). [This product yields a phenylhydrazone, or.-yel. ndls., 
m.p. 188® dec.; a p-nitrophenylhydrazone, brn.-yel. ndls. from ale. or AcOH, m.p. 294® 
dec.; and a semicarbazone, pale yel. ndls. from dil. AcOH, dec. above 300® (2).] 

C on dinitration as specified (2) yields 3,5-dinitro-4-chloro-2-hydroxybenzaldehyde, pale 
gold.-yel. ndls. from aq., m.p. 153® <2). [Tliis product yields a phenylhydrazone, light 
brn. cryst. from ale., m.p. 219°; a p-nitrophenylhydrazone, light brn. cryst. from dil. 
AcOH, m.p. 286° dec.; and a semicarbazone, light yel. cryst. from dil. AcOH, m.p. 225® 
dec. (2).] 

® 4-Chloro-2-hydroxybenzaldoxime: colorless ndls. from ale., m.p. 155° (1). 

(P 4-Chloro-2-hydroxybenzaldehyde p-nitrophenylhydrazone : or. ndls. from AcOH, 
m.p. 257® <1). 

(g) 4-Chloro-2-hydroxybenzaldehyde semicarbazone: pale yel. cryst. from AcOH, m.p. 
212 ® ( 1 ). 

® 4-Chloro-2-benzoxybenzaldehyde; from C + BzCl in ether + pyridine; ndls. from 
ale., m.p. 98.5° (1). 

3:0960 (1) Hodgson, Jenkinson, J, Chem, Soc, 1037, 1740-1741. (2) Hodgson, Jenkinaon, 
J. Chem. Soc. 1938, 2273-2274. 
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3 : 0980 p~DICHLOROBENZENE 


Cl<( )>CI C6H4Clif 


Beil. V - 203 
Vi-(lll) 
Vs- (154) 


M.P. 

56° (1) (51) 

64° (2), cor. (3) 
63.3-64.2° (4) 

53.2° (5) (6) (7) 

63-64°' (8) (57) 

63.0-53.1° (24) 

63° (9) (10) (11) 

(12) (13) (14) 
(15) (16) (49) 
(50) (60) 


59.9° 

(17) (18) 


(20) (21) 

53.84° 

(22) 

53.8° 

(23) 

53.73° 

(25) 

53.70° 

(30) 

53,69° 

(26) 

53.6° 

(27) 

53.53° 

(28) 

53.0° 

(31) 

53-53° 

(29) 


B.P. 

174° 

at 764.2 mm. (24) 

^so.3 ^ 1.2189 (33) 

173.7° 

cor. (5) 

ni"* = 1.63104 (33) 

173.5° 

at 765 mm. (31) 

Df ® = 1.3310 (33) 

173.0° 

(26) (27) 

nL® ® = 1.63666 (33) 

173° 

(14) (16) (60) 


171° 

(15) 


170-171° 

u.c. (32) 



Colorless cryst., aim. insol. aq. (0.077 g. per 1000 g. aq. at 30® (22) cf. (13)); misc. hot 
ale. (50 ml. abs. ale. + 5 ml. aq. at 25° dis. 4.55 g. C (26)), eas. sol. ether, CeHe, CHCI3, 
CS2. — Readily sublimes; eas. volatile with steam. 

[For data on crystallographic consts. see {li4) (35); for data on rate of evapn. of cryst. 
C see (11); C has molec. f.p. depression of 77 (36) and beca\ise of its accessibility, ease of 
purification, convenient m.p. and large f.p. depression is often used for making mol. wt. 
detns.] 

[For f.p. /compn. data and diagram of system C 4* o-dicMorobenzene (3 : 6055) (eutectic, 
m.p. —23.4° contg. 13.3% C) see (17) (27); for f.p. /compn. data and diagram for system 
€ m-dtchlorobenzene (3:5960) (eutectic, m.p. —29.9° contg. 12.0% C) see (17); for 
f.p. /compn. data on ternary system of all three dichlorobenzenes sec (27). — For f.p. /compn. 
data and diagrams for systems C 4 biphenyl (1:7175) (eutectic, m.p. 26.9° contg. 57.5 
mole % C (6)) (19), G 4 naphthalene (1:7200) (eutectic, m.p. 30.2° contg. 60.6 mole % 
C (6)), G 4 triphenylmeihane (1:7220) (eutectic, m.p. 35.9° contg. 68.5 mole % C (6)), 
G -{‘nitrobenzene (eutectic, m.p. —6.8° contg. 32% C (9)), (? 4 p-chloropJienol (3:0475) 
(eutectic, m.p. 27.2° contg. 26.6 mole % C (18)) see indie, refs. — For thermal anal, of 
system C 4 SbCls (eutectic, m.p. 39.5° contg. 49 5 wt. % C (37)), and of system C 4 
SbBrs (eutectic, m.p. 48.5° contg. 73.5 wt. % C (37)), see (37).] 

[C with p-dibromobenzene gives a series of solid solns. cf. (38) (39) (40) (41) (23) (24) 
(26); for study of systems C 4 p-chloro-iodobenzene (23) (34) and C 4 p-di-iodobenzene 
(23) see indie, refs.] 

[For data on densities of solns. of C in CeHe (1 ; 6400) and in n-hexane (1:8530) see (42); 
for data on D4® and of solns. of C in CgHe see (7). 
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C is widely used as anti-moth agent and vapor fumigant but lit. and patents are so 
numerous that they cannot be included here; note, however, prevention of caking of C 
by mixt. with 1 - 10 % paraformaldehyde ( 43 ). — [For study of toxicity of C see (44). — 
For use of C in prepn. of sulfur dyes see (45).] 

[For detn. of C in air see (46); for detn. of C in soil by means of detn. of refractive index 
of solns. in kerosene see (47).] 

[For prepn. of C from p-chloroaniline [Bei]. XII-607, XIIi-(304)] via diazotization, 
prepn. of diazonium /ZnCl 2 double salt, and dccompn. of latter in molten phenol (41% 
yield C together with 31% hydroxybiphenyl -|- 15% diphenyl ether) see (48); from p- 
phcnylenedi amine [Beil. XIII-61, XIIli-(18)] via tetrazotization in AcOH (49) or H 3 PO 4 
(50) with nitrosylsulfuric acid followed by subsequent reactn. with CU 2 CI 2 (yield: 70% 
(49) (50)) cf. (51), or by reduction with SnCh/HCl to p-phenylenedihydrazine and oxidn. 
with CUSO 4 (52), see indie, refs.] 

[For prepn. of C from p-chloro-nitrobenzene [Beil. V-243, Vi-(130)] with cone. HCl in 
s.t. at 270° (53), or with SOCI 2 in s.t. at 160-200° (54) (55), see indie, refs.; from p-bromoni- 
trobenzenc [Beil. V-248, Vi-(132)] (.56), phenol-p-sulfonic acid [Beil. Xl-241, XIi-(55)l 

(57) , or p-chlorophenol (3:0475) (16) with PCls on litg. see indie, refs.; from p-chloro- 
benzenesulforiic acid [Beil. Xl-54, Xli-(14)] with SOCI 2 in s.t. at 160-200° see (54) (55); 
from 2,5-dichlorobenzophcnone (3:2340) by fusion with KOH/NaOH (65% yield) see 

(58) ; from di-p-chlorophenyl sulfide or di-p-chlorophenyl sulfoxide with S at 260-270° for 
3-8 hrs. see (59); from p-chlorophenyl selenium trichloride by htg. at 184° (90% yield) 
see ( 12 ).] 

[For formn. of C (together with o- and w-isomers in some oases) from CeHg w5th CI 2 in 
pres, of I 2 (15), M 0 CI 5 (60), AICI 3 (61), or cone. II 2 SO 4 (62), by electrolysis of susp. in 
AcOH + aq. HCl (69) or with aqua regia (70), see indie, refs.: from chlorobenzene (3:7903) 
with CI 2 + cat. at 600° (17) cf. (63), or with CI 2 in pres, of AICI 3 (65% yield (27)), FeClg 
(55% yield (27)), or A1 /Hg (66), see indie, refs.; frf»m chlorobenzene (3 : 7903) with AI 2 S 2 CI 8 
(i.e., 2 AICI 3 4- S 2 CI 2 (64)) -f S 02 C 12 (64) (65), or by boilg. with FeClg (67), or in small 
amt. by htg. with PbCl 4 . 2 NH 4 Cl in s.t. at 210 ° ( 68 ), see indie, refs.] 

[C with CI2 (61) in pres, of Al/Hg ( 66 ) or C with AI2S2CI8 (i.o^, 2 AICI 3 + S 2 CI 2 ) + SO 2 CI 2 
(64) gives (58% yield (64)) l,2,4-tri(;hlorobenzene (3:6420); C, however, chlorinates less 
readily than o-dichlorobenzcne (3:6055), and if their mi.xture or eutectic is chlorinated 
residual C can be separated by fractional freezing (71 ) (72) (73). — C with CI 2 in pres, of 
Fe (74) or with AI 282 CI 8 (i.e., 2 AICI 3 -f- S-jCli) + BO 2 CI 2 as directed (64) gives (yields: 
67% (64), 39% (74)) (75) 1,2,4,5-tctrachlorobenzenc (3:4115). — C with liq. CI 2 + 
sunlight -f cat. (76) (77) or C in CCI4 under 1% aq. NaOII in sunlight (76) adds 3 CI 2 
yielding a mixt. of jS- (m.p. 262° (76)) and a- (m.p. 89.6° (76)) p-dichlorobenzene hexachlo- 
rides (use as insecticide (77)). — For study of photochem. chlorination of C see (78).] 

[C when pure can be recovered unchanged after boiling with liq. Br 2 (79); however, C 
warmed w'ith Br 2 in pres, of Fe (79) or htd. with Br 2 + NaN 02 + fumg. H 2 SO 4 in s.t. at 
200° for 4 hrs. (80) gives (19% yield (79)) 2,5-dibromo-l ,4-dichlorobenzene, ndls. from 
hot ale., m.p. 148° (79), 146° (80). — C with excess Br 2 -f AlClg as directed (81) gives 
2, 3, 5, 6 -tetrabromo-l ,4-dichlorobenzene, m.p. 278-278.5° (81).] 

^ [C passed over Pt spiral at bright red heat yields (82) 2,5,2',5 -tetrachlorobiphenyl, 
m.p. 84-85° (82). — C in EtOH at 55° in pres, of Adams’ cat. (Pt 02 ) with excess H 2 at 
3 atm. press, yields (83) cyclohexane (1:8405). — C in ale. KCN with NiCl 2 htd. in s.t. 
20 hrs. at 260-270° gives (12% yield (84)) terephthalic acid (1 :0910).] 

[C with Na + n-butyl chloride (3:7160) in xylene at 150° gives small yield (85) p-di-n- 
butylbenzene, b.p. 224-225.5° at 759 mm. (85). — C with Mg 4 - I 2 (0,25 equiv.) gives 
in 6 hra. 58% yield ( 86 ) 2 M;hlorophenyl MgCl.] 
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(C wiUi ethylene + AlClj gives a mixt. (87) of mono-, di-, tri-, and tetra-ethyl-p-dichloro- 
beiusenes.] 

[C (3 moles) with CHCI3 (1 mole) + AICI3 gives (14% yield (88)) <m-(2,5-dichloro- 
phenyl)methane, colorless cryst. from CsHe, m.p. 20&-208® (88). — C with CCI4 f AlCls 
at room temp. (88) or in CS2 (89) (90) gives (26% yield (88)) 2,5,2',5'-tetrachlorobenzo- 
phenone dichloride, m.p. 173-174° (89) (88); this with dil. ale. on boilg. or htg. in s.t. at 
130° hydrolyzes to 2,5,2',5'-tetrachlorobenzophenone, colorless cryst. from ale., m.p. 128° 
(89) (90). — C with CCI4 + AICI3 at 55° for 10 hrs. presumably first yields ^m-(2,5- 
dichlorophenyl)methyl chloride (not isolated) which then loses 1 HCl giving (23% yield 
(88)) l,4,7-trichloro-9-(2,5-dichlorophenyl)fluorene (?), m.p. 179-180° (88). J 
[C with acetyl chloride (3:7065) -f AICI3 gives (91) 2,5-dichloroacetophenone, b.p. 251° 
at 756 mm., m.p. 14° (91) (oxime, m.p. 130°, via Beckmann rearr. with cone. H2SO4 gives 
acet-2,5-dichloroanilide, m.p. 133° (91)). — C with benzoyl chloride (3:6240) -f AIOI3 
yields (91) (92) 2,5-dichlorobenzophenone, white ndls. from ale., m.p. 88° (91), 85-86° (92) 
(oxime, m.p. on slow htg. 207°, via Beckmann rearr. with cone. H2SO4 gives benz-2,5- 
dichloroanilide, m.p. 122° (91)). — C with o-chlorobenzoyl chloride (3:6640) 4- AICI3 
gives (92) 2,2',5-trichlorobenzophenone, m.p. 145-147° (92). — C with 2,4-diehloroben2oyl 
chloride + AICI3 gives 2,5,2',4'-tetrachlorobenzophenone, m.p. 176° (92).] — [Note that 
C fails to react with a^/^^ichlorodimethyl ether (3:5245).] 

[C with phthalic anhydride (1:0725) + AICI3 gives (59.3% (94), 27% (93)) o-(2,5- 
dichlorobenzoyl)benzoic acid, colorless pr. from CaHe, m.p. 169° cor. (93), 167° (94); this 
prod, on ring closure with fumg. H2SO4 (94) or cone. H2SO4 (93) at 150° gives (yields: 
83.5% (94), 83% (93)) 1,4-dichloroanthraquinone [Beil. VII-787, VIIi-(411)], or.-yel. 
ndls. from AcOH, m.p. 187.5° cor. (93), 186° (94). — Note that C reacts with phthalic 
anhydride -f AICI3 less readily than o-dichlorobenzene (3:6055) (use in sepn. of the two 
isomers (95)). — For corresp. condens. of C with 3-sulfophthalic anhydride and 4-sul- 
fophthalic anhydride in pres, of AICI3 see (96).] 

[C on partial hydrol. with aq. MeOH alk,, alk. carbonates, or best alk. earths in pres, 
of Cu or Cu salts at elevated temps, under press, gives in excellent yield (98) (99) (100) 

(101) (102) (103) (104) (105) p-chlorophenol (3:0475) (some phenol (1 : 1420) is also formed 

(102) ); if the hydrolysis of C is carried further (100) (106) hydroquinone (1:1590) is also 
obtd.j — [For study of kinetics of reactn. of C with MeOH /alk. sec (99) (107) (108).] 

[C with anhyd. NH3 in ale. in pres, of CuCl2 + Cu under press, at 150-200° yields (109) 
p-chloroaniline [Beil. XII-607, XIIi-(304)]; C with cone. aq. NH4OH in pres, of CuO 
under press, at 150-200° gives (110) (111) (112) (113) (114) p-phenylenediamine [Beil. 
XIII-61, XIIIi-(18)]. — [C with K diphenylamine at 240-245° gives (115) not only the 
expected A^,A^,A^',A'^'-tetraphenyI-p-phenylenediamine, this, from acetone, m.p. 199-200°, 
but also by rearr. A^,iV,A^',iV^'-tetraphenyl-7W-phenylenediamine, m.p. 137.5-138°.] 

(C on mononitration, e.g., with 5 wt. pts. abs. HNO3 at 0° (116) (99), with 2 wt. pts. 
HNOs (D = 1.48) below 50° (120), or with 1.5 pts. of a mixt.contg.2 pts. HNO3 {D = 1.54) 
+ 3 pts. cone. H2SO4 (117) (118) (119) at 70-100° for 30-60 min., yields l,4-dichloro-2- 
nitrobenzene (Beil. V-245, Vi-(131)], cryst. from ale., m.p. 55° (120), 54.5° (99), 54° (119), 
53° (116) (note close proximity of this m.p. to that of the initial C).] 

[C on dinitration, e.g., with 4 wt. pts. fumg. HNO3 (D *= 1.52) 4* 10 wt. pts, cono,H2S04 
at b.p. for 5 hrs. (8) (121), or with 3 wt. pts. HNOa (D = 1.52) 4* 7.5 wt. pts. cone. H2SO4 
at b.p. for 2 hrs. (122), finally poured into aq., gives a mixt. contg. all three possible dinitr6- 
p-dichlorobenzenes; of these the chief prod, is l,4-dichloro-2,6-<iinitrobcnzene [Beil. V-265, 
Vr(138)], m.p. 106° (123) (119), 105-106° (122), 105° (121), obtd. by reorystn. (repeated 
if necessary) of the crude dinitration prod, from 30 pts. 95% ale. (121); the mother liquors 
contain the more soluble l,4-dichloro-2, 3-dinitrobenzene, m.p. 102-103° (122), 101.2° (119), 
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101® <121), and l,4-dichloro-2,5-dinitrobenzene, m.p. 119® (122) (121) (124). — For f.p. 
compn. data and diagrams of mixtures of the 2,6> and 2,3-dinitro-p-diGhlorobenzenes see 
(119), of mixtures of the 2,6- and 2,5-dinitro-p-dichlorobenzenes see (121). — Note also 
that the prod., m.p. 81®, formerly (8) supposed to be the 2,5-dinitro isomer, has since (121) 
been proved to be a compound of the 2,6- and 2,5Kiinitro-l ,4-dichlorobenzenes. — The 
relative proportion of the three dinitration products varies with conditions (119) (121) 
(122) (124).] 

[C on monosulfonation, e.g., with 1.5 wt. pts. fumg. H2SO4 (19-12% SO 3 ) at 140-160® for 
45 min. (118) cf. (27), gives on pouring into aq. (85-90% yield (118)) 1,4-dichlorobenzene- 
sulfonic acid-2, cryst. from aq. as monohydrate (for derivs. see below). — Note that C is 
not sulfonated by cone. H2SO4 even at 210® (16) (dif. from o-dichlorobenzene (3:6055) 
and use in sepn. from C); for removal of chlorobenzene (3:7903) from mixt. with dichloro- 
benzenes via sulfonation of former with 95% H2SO4 see (17). — For use of reactn. prod, of 
C with SO3 as dye inteimed. or for mothproofing of wool see (125). — For reactn. of sodium 
p-dichlorobenzenesulfonate with fused NaOH to yield hydroquinone (1 : 1590) see (126).] 

[C with 5 moles CISO3H at 150® for 1 hr. (127) (128) gives (85% ^^ield (127) (128)) 
l,i<lichlorobenzenesulfonyl chloride-2, cryst. from Igr., m.p. 39® (127) (128), 38® (129), 
36.8® (27) (corresp. amide, see below; corresp. sulfonanilide, m.p. 160® (128)); for use in 
prepn. of tctrachlorothioindigo see (130). — C with 30 pts. CISO3H at 140® for 48 hrs. (128) 
gives both l,4-dichlorobenzene-6i«-(sulfonyl chloride)-2,6, m.p. 114® (corresp. 5ts-sulfonanil- 
ide, m.p. 215-217® dec. (128)) and l,4-dichlorobcnzene-5ts-(sulfonyl chloride) -2,5, m.p. 182® 
(corresp. 6is-sulfonanilide, m.p. not given). — Note that C reacts with ClSOaH much less 
easily than o-dichlorobenzene; for use in sepn. of the two isomers via formn. of o-dichloro- 
benzenesulfonyl chloride and sepn. from unchanged C by distn. see (131).] 

l,4-Dichlorobenzenesulfonamide-2 (2,5-dichlorobenzenesulfonamide-l): cryst. from 
dil. ale., m.p. 179.5-180® u.c. (129), 181® (127), 185-186® (27). [From C via treatment 
with CISO3H as directed (129) to 1 ,4-dichlorobenzenesulfonyl chloride-2 (see above) 
and subsequent conv, with (NH4)2C03 to desired sulfonamide.) — [Note that, although 
the m.p. of this sulfonamide is practically identical with that from m-dichlorobenzene 
(3:5960), each depresses the m.p. of a mixt. with the other; the m.p.'s of the precursor 
sulfonyl chlorides, viz. 52-53® for the isomer from m-dichlorobenzene, 38® for that from 
C, may also serve to distinguish them (129).] — [For similar prepn. and use of 1,4- 
dichlorobenzenesulfonamide-2 see (132).] 

3:0980 (1) Paulsen, Monatsh. 72, 257 (1939). (2) Rule, McLean, J. Chem. Soc. 1931, 690. 
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3:0985 18-CHLORO-OCTADECANOL-l C 18 II 37 OCI Beil. S.N. 24 

( w-Chloro-n-octadecyl CH 2 . (CH 2 )i 6 .CIl 20 II 

alcohol ; a>-chlorostearyl I 

alcohol) 

M.P. 53-54.5" (1) 

Colorless crystals. 

[For prepn. from a, w-octadecamcthylene glycol (m.p. 97-98°) with SOCI 2 + dimethylani- 
line in CcHe (50% yield) see (1); note that a little 1,18-diehloro-octadecane with m.p. 54° 
(i.e., practically the same as C) is also formed.] 

C is only slightly attacked by KOH (2). 

(g) 18-Chloro-octadecyl N-phenylcarbamate : Ifts. from ale. or It. pet., m.p. 77° (1). 

3 : 0985 (1 ) Bennett, Gudgeon, J. Chem. Soc. 1938, 1679-1681. (2) Seek, Dittmar, Chem. Umschau 

Fate, Ole, Wachee, Harze 39, 226-229 (1932); Cent. 1933, I 1757; [C.A. 27, 703 (1933)1. 


3:0990 1,2,3-TRICHLOROBENZENE Cl 

(vfc-Trichlorobenzene) /^Cl 

IJci 

M.P.S4° (1) B.P. 218-219 (3) 

63-64° (2) (3) 

62.3-63.0° (4) 

62.4° (.5> 

62° (6) 

60.8° (7) 

This, from ale.; eas. sol. CS, or CsHe; spar. sol. ale.; volatile with steam. [For use as 
component of mixtures for dif. inflammable electric insulating materials see (8}.] [For 
thermal anal, of mixts. of C with 1,2,4-trichlorobenzene (3:6420) and with 1,3,5-trichloio- 
benzene (3:1400) see (5).] 

[For prepn. of C from 2,3,4-trichloroanilinp. [Beil. XII-626] with ethyl nitrite (3) or by 
diazotization and reaction with ale. (35% yield (4)), or from 3,4,5-trichloroaniline [Beil. 


CeHjCla Befl. V - 203 
Vi-(112) 
V2-(166) 
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XII-d30, XIIi- (313)1 via diazotization (9) (6) and reaction with ale. <9), or by reduction 
to 3,4,5*trichlorophenylhydrazine and reaction of this with Fehling soln. (poor yield (6)) 
<6), see indie, refs.; for prepn. of C from 2,3-dichloroaniline [Beil. XII-621] (7) or from 
2,6-dichloroaniline [Beil. XII-626] (7) (4) via diazotization and use of CU2CI2 reaction see 
indie, refs.; for prepn. of C from 4-chloro-3,5-diaminobenzenesulfonic acid-1 [Beil. XIV- 
718, XIVi-(727)] via conv. to 3,4,5-triGhlorobenzenesulfoniG acid-1 and subsequently hydro- 
lyzing the sulfonic acid group see <1).] 

[For formn. of ^ (together with other prod.) from a mixt. of o- and p-dichlorobenzenes 
with CI2 <10), or from m-dichlorobenzene + AICI 3 + CI 2 (11), or from a-, jS-, or 7-benzene- 
hexachlorides with ale. KOH (5), or from <x-benzenehexachloride with pyridine or quinoline 
(5), see indie, refs.] 

[C with CI2 in pres, of Al/Hg yields <9) exclusively l,2,3,4-tetrachlorobenzen0 (3:0656), 
m.p. 44-45° (9); C with liq. CI2 in s.t. at room temp, for 7 days adds 6 atoms halogen 
yielding (12) l,l',2,2',o,3',4,5,6-enneachlorocyclohexiine (1,2,3-trichlorobenzene hexa- 
chloride), pr. from M^H, m.p. 80° (12).] 

[C on hydrolysis with steam at 550-800° over cat. yields (13) pyrogallol (1:1555); for 
behavior of C with NaOMe in MeOH see (6) (14).] 

C on mononitration, e.g., by soln. of C (1 g.) in 5 ml. fumg. HNO3 (D == 1.49) (17), 
gives 100% yield (17) l,2,3-trichloro-4-nitrobenzene [Beil. V-246], long colorless ndls. 
from ale., m.p. 56° (15) (7), 55-56° (17) (3) (note that the isomeric 1 ,2,3-trichloro-5- 
nitrobenzene [Beil. V-247, Vi-(131)] has m.p. 72°). 

0 on dinitration, e.g., C (1 g.) refluxed 1 hr. with 5 ml. fumg. HNO3 {D - 1.49) -f 
5 ml. cone. H2SO4, then poured into aq. (17) (16), gives 100% yield l,2,.3-trichloro-4,6- 
dinitrobenzeiie, ndls. from hot ale., m.p. 92-93° (16) (17); this prod. (1 g). htd. 1 hr. at 
100° with 5 g. aniline as directed (17) 3delds l,3-dianilino-2-chloro-4, 6-dinitrobenzene, 
cryst. from CeHe or ale,, m.p. 136-138° (17). [Note that an isomeric l,2,3-trichloro-4,5- 
dinitrobenzene, cryst. from ale., m.p. 105-106° (16), has been obtd. by further nitration 
of l,2,3-trichloro-5-nitrobenzene (mentioned in preceding paragraph).] 

C with chlorosulfonic acid as directed (17) gives 1,2,3-trichlorobenzenesulfonyl chloride- 
4, m.p. 64-65° u.c. (17), 65-66° (2); this prod, with (NH4)2C03 readily yields (17) 1,2,3- 
trichlorobenzenesulfonamide-4, m.p. 226-230° dec. u.c. (17). 

3:0fMI0 (1) I.G., Brit. 319,149, Oct. 10, 1929; French 661,490, July 25, 1929; Cmt. 1»30, I 740. 
(2) I.G., Brit. 287,178, May 9, 1928; Cent. 1929, II 362. (3) Beilstein, Kurbatow, Ann. 192, 

234-235 (1878). (4) Dadieu, Pongratz, Kohlrausch, Monatah. 61, 431-432 (1932). (5) van 

der Linden, Ber. 45, 231-247 (1912). (6) Holleman, Rec. trav. chim. 37, 196-201 (1918). (7) 

Kdrner, Contardi, Alii cuxad. Lined (5) 18, I 100 (1904). (8) ZUnderwerke E. Bruun, A. G., 

Ger. 570.460, Feb. 16, 1933; Cent. 1933, I 2770. (9) Cohen, Hartley, J. Chem. Soc. 87, 1365- 
1366 (1905). (10) Britton (to Dow Chem. Co.), U.S. 1,923,419, Aug. 22, 1933; Cent. 1933, 

II 3049; C.A. 27. 6086 (1933). 

(11) Mouneyrat, Pouret, Compt. rend. 127, 1028 (1898). (12) van der Linden, Rec. trac. chim. 

55, 316-317 (1936). (13) Lloyd, Kennedy, U.S. 1,849,844, March 15, 1932; Cent. 1932, I 2994; 

C.A. 26, 2747 (1932). (14) de Crauw, Rec. trav. chim. 59, 779-780 (1931). (15) Holleman, 

Rec. trav. chim. 39, 449 (1920). (16) HUffer, Rec. trav. chim. 40, 451-452 (1921). (17) Huntress, 

Garten, J. Am. Chem. Soc. 62, 512-514 (1940). 
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3:099S 14-Di-(^CHL0R0PHE]m,)ETHANE Ci4Hi3aa BelLS.N.470 


°<IX 

C-CH, 

0 , 0 ^ 


M.P. 54-55^* {1) B.P. 143-145^ at 2 mm. (1) 

Colorless cryst. from 90% AcOH. — Note that, when pure, neither solid C nor its solns. 
snow any fluorescenee cither in visible or ultraviolet light. (1). — Note also that, although 
m.p. of C is identical with that of its next lower homolog, viz., di-(p-chlorophenyl) methane 
(4,4'-dichlorodiphenylmethane) (3:1057), nevertheless the m.p. of their mixture is de- 
pressed to 40-50° (1). 

[For prepn. of C from I, l-di-(p-chlorophenyl) ethylene (3:2475) by cat. hydrogenation 
(62% yield) see (I ); for formn. of C from chlorobenzene (3:7903) with acetylene in presence 
of AICI3 see (2), but note that by this method various undetermined impurities which show 
blue fluorescence are also formed (I).] 

C on oxidn. with CrO^/AcOH + trace of H2SO4 gives (1) 4,4'-dichlorobenzophenone 
(3:4270), m.p. 142-144°. 

C does not (1) yield an addn. prod, with PkOH. 

3:0995 (1) Grummitt, Buck, Becker, ,/. Am. Chem. Soc. 67, 2265-2266 (1945). (2) Cook, 

Chambers, J. Am. Chem. Soc. 43, 338 (1921). 
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3:1000 7 , 7 , 7 -TRICHLORO-n-BUTYRIC ACID C 4 HBO 2 CI 3 

Cl3C.CH2.CH2.COOH 


M.P. 55" {1} 


BeU. S.N. 162 


Colorless ndls. from hot aq. 

[For prepn. of C from 7,7,7-trichloro-n-butyronitrile (see below) by hydrolysis with 
cone. HCl at 60° for 6 hrs. see (1).] 


7i7i7“Trichloro-n-butyronitrile: ndls. from pet. ether, m.p. 41° u.c.; b.p. 214-216° 

at 760 mm., 90-95° at 12 mm. (1). [From a(5rylonitrile with CHCI3 in pres, of aq. tri- 
methylbenzylammonium hydroxide at 0.5° for 24 hrs. (11% yield (1)).] [Note that 
this nitrile upon acid hydrolysis gives C, but upon alkaline hydrolysis gives succinic 
acid (1:0530), m.p. 188-189° (1).] 

7,7i7-Trichloro-n-butyramide: cryst. from toluene, m.p. 80-90° u.c. (1). [From 

7,7,7-trichloro-n-butyronitrilc (above) with 27% H2O2 + aq. NaOH at 40-45° for 5 
hrs. (1).] 

3:1000 (1) Bruson, Niederhauscr, Riener, Hester. J, Am, Chem. Soc. 67, GOl (1945).'' 


3: 1010 3-CHLORO-2-HyDROXYBENZALDE- C7H5O2CI 
HYDE / ^CHO 


(3-Chlorosalicy laldehydc ) 


Cl OH 


M.P. 55° (1) 

54.5-55.5° (2) 

54° (3) (4) 


Beil. VIII — 
Vmi-(523) 


Long colorless ndls. from MeOH (1). — Readily sol. in usual org. solvents (1). — Volatile 
with steam [diff. from 3-(;hloro-4-hydroxybenzaldehyde (3:4065) (I)}. 

[For prepn. from o-chlorophenol (3:5980) with CHCI3 + alk. (10-15% yield {!)) or 
via condensation with formalin -j- alk, to 3-chloro-2-hydroxybenzyl ale. and oxidn. of latter 
with Na m-nitrobenzenesulfonate -f alk. (2) see indie, refs.; from 3-chloro-2-hydroxybenzoic 
acid (3-chlorosalicylic ac.) (3:4745) by reductn. with Na/Hg in pres, of H3BO3 see (4).] 

C with satd. aq. NaHSO^ soln. yields NaHSOs cpd. (1) (2). 

C dissolves in aq. alk. with yel. color (4) <2). 

C with aq, FeCh yields violet-red color (2). 

C is not nitrated by cold AcOH/HNOa soln. (1); but C (2 g.) in AcOH (10 ml.) treated 
at 45° for 15 min. with soln. of 0.8 ml. cone. HNO3 (D — 1.42) in AcOH (4 ml.), then 
poured into aq., gives (1) 2.15 g. 3-chloro-5-nitro-2-hydroxybenzaldehyde, yel. ndls. from 
dil. ale., m.p. 129° (1). 

The methyl ether of C, viz., 3-chloro-2-methoxybenzaldehyde, is a liq., b.p. abt. 255°, 
f.p. 0° (1>. 
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(g) 3-Chloro-2-hydroxybenzaldoxime: Ifts. from dil. ale., m.p. 167-168° (2). 

3-Chloro-2-hydroxybeiizaldehyde phenylhydrazone : unrecorded. 

3-Chloro>2-hydroxybenzaldehyde ^-nitrophenylhydrazone : unrecorded. 

3-Chloro-2-hydroxybenzaldehyde 2,4Hlimtrophenylhydrazone: unrecorded. 

(g 3~Chloro-2-hydroxybenzaldehyde semicarbazone: cryst. from 50% AcOH, m.p. 
240-243° (2). 

3:1010 (1) Davies, Rubinstein. J. Chem, Soc. 123, 2850 (1923). (2) Hanus, J. prakt. Chem. 

( 2 ) 158. 263-264 (1941). (3) Duff. J. Chem. Soc. 1041. 547-550. (4) Bayer and Co.. Ger. 

228,838, Nov. 22 , 1910; Cent. 1911, 1 51. 


3:1020 4,6-DICHLORO-2-METHyLPHENOL C 7 H 6 OCI 2 

(4,6-Dichloro-o-crcsol) OH 

Cli^CHs 


M.P. 56° (1) 

66 ° (2) (7) 

54-55° <;{) 
64°u.c. (4) 
63-64° (5) 


B.P. 236.5° (1) 

131° at 28 mm. (5) 
73-78° at 4 mm. (6) 


BeU.VI- 359 
VIx-(174) 
Vl2-(332) 


Ndls. from hot aq. or pet. ether. Spar. sol. cold but more eas. sol. hot aq.; eas. sol. ale., 
ether, CHCI3, CS2. Volatile with steam. 

[For prepn. of C from o-cresol (1 : 1400) with CI2 (7) (4) (1) in CCI4 (61% yield (2)) in 
CCI4 in pres, of Fe (8) or in pre.s. of PCI5 in sunlight at elevated temp. (8), with CI2 in 
NaOH soln. at room temp. (.5), or with SO2CI2 (3), see indie, refs.; for formn. from 2- 
methylphenoldisulfonic aci(l-^l,6 (6) in nitrobenzene with CI2 (other products are also 
formed) see (6).] 

[C with dry NH3 gas at room temp, (9) forms a cpd., C.2NH3 (9); C on evapn. of ale. 
NH3 soln. does not give an NH 4 salt but is recovered unchanged (dif. from 2,6-dichloro-4- 
methylphenol (3:0400) q.v.) (7),] 

[C (1 pt.) in 2 pts. ice-cold HNO3 {D = 1.48) stood 24 hrs. gives (37% yield (2)) a 
prod, of compn. C7H6O6N2CI2, white ndls. from dry ether by pptn. with pet. ether, m.p. 
109° dec. (2).] 

[C with boilg. dil. HNO 3 oxidizes (7) to oxalic acid (1:0445); C on oxidn. with K2Cr207 
4- dil. H2SO4 gives (1) 6-<!hloro-2-methylbenzoquinonc-l,4 (6-chloro-p-toluquinone) 
[Beil. VII-650, VIIi-(353)], yel, ndls., vol. with steam, m.p. 90° (4); C digested with aqua 
regia for hrs- at 100° gives (16% yield (5)) 3,5,6-trichloro-2-methylbenzoquinone-l,4 
(trichloro-p-toluquinone) [Beil. VlI-651, VIIi-(354)], yel. Ifts. from ale., m.p. 233° (5); 
C with CrOa /AcOH gives a mixt. (4) of chlorinated quinones.] 

[C does not react with PCI5 (10); C on monosulfonation with fumg, H2SO4 (65% SO3) 
at 50° yields (11) 4,6-dichloro-2-methylphenolsulfonic acid-S; for condensation of C with 
benzaldehydesulfonic acid-4 and use as mothproofing agt. see (12).] 

[C in MeOH/KOH refluxed 6^ hrs. with Mel (74% yield (3)), or C in aq. alk. with 
Me2S04 (1) gives the corresp. methyl ether (4,6-dichloro-2-methylanisole), m.p. 33° (1), 
29-30° (3), b.p. 230° (1); C in aq. alk. soln. treated with Et2804 gives (1) corresp. ethyl 
ether (4,6-dichloro-2-methylphenetole), m.p. 27.5° (1).] 
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© 4,6-Dichloro-2>methylphenyl acetate: m.p. 28.5®, b.p. 254® (1). [From C with 
excess AC2O -f a drop of cone. H2SO4 htd. 4 hrs. at 100® (I).] 

® 4,6-Dichloro-2-methylphenyl benzoate: m.p. 114®, b.p. 240° (1). [From C with 
benzoyl chloride (1).] 

3:1020 (1) Bures, Chem. Listy 21, 108-114, 148-162, 221-227, 261-265 (1927); Cent. 1927, II 
1344; C.A. 22, 63 (1928). (2) Zincke, Ann. 417, 199, 206-207, 221-222 (1918). (3) Martini, 

Qazz. chim. iiai. 29, II 60-61 (1899). (4) Claus, Schweitzer, Ber. 19, 927-929 (1886). \5) 

Chulkov, Parini, Barshev, Org. Chem. Ind. (U.S.S.R.) S, 410-^12 (1937); Cent. 1938, II 305; 
C.A. 31, 7047 (1937). (6) Huston, Neeley, J. Am. Chem. Soc. 57, 2177 (193.5). (7) Claus, 

Riemann, Ber. 16, 1601-1602 (1883). (8) Tanaka, Morikawa, Sakamoto, J. Chem. Soc. Japan 

51, 275-277 (1930); C.A. 26, 706 (1932). (9) Korezynski, Cent. 1909, II 806. (10) Anschutz, 

Ann. 454, 108 (1927). 

(11) Weiler, Better (to I.G.), Ger. 557,450, Aug. 24, 1931; Cent. 1932, II 2371. (12) Weiler 

(to I.G.), Ger. 548,822, April 20, 1932; Cent. 1932, II 799. 


3:1025 3-CHLORO-4-METHyLPHENOL OH C7H7OCI Beil. VI -402 
(3-Chloro-p-cresol) /\ VIi — 

CHa 

MJ>. 65® (1) (2) B.P. 228® at 760 mm. (2) 

229® at 736 mm. (1) 

Long colorless ndls., markedly sol. in aq. and volatile with steam (1). — Eas. sol. ale., 
ether, or CeHe. 

[For prepn. (77% yield) from 3-chloro-4-methylaniline [Beil. XII-988] via diazo reaction 
see (1).J 

C dislvd. in 20% NaOH and shaken with (CH3)2S04 gives 95% yield of corresponding 
methyl ether, viz., 3-chloro-4-methylanisole, b.p. 212® (1). [Oxidn. of this ether with 
dil. aq. KMn04 yields (1) 2-chloro-4-methoxybenzoic acid [Beil. X-175], ndls. from aq., 
m.p. 208° (1).J 

3:1025 ( 1 ) Ullmann, Wagner, Ann. 355, 367-368 (1907). (2) Badische Anilin und Soda-fabrik, 

Ger. 156,333, Nov. 14, 1904; Cent. 1904, II 1672. 


3:1040 o-XYLYLENE (DI)CHLORIDE 
(«, w'-Dichloro-o-xylene) 


0 CH2CI CsHsCk 

CH2CI 


MJ>. 65° (1) (2) B.P. 239-341° (3) 

54.6-54.8° (3) 130-135° at 19 mm. (2) 

64-65° cor. (5) 


Beil. V - 364 
Vi- 

V2-(283) 


Cryst. (from pet. eth.). — Sublimes. — Sol. ale., ether, CHCI3, Igr. Powerful lachry- 
mator. 

[For prepn. from o-xylyleneglycol -f boUg. cone. HCl see (3); from o-xylene (1:7430) 
+ PCls at 190® see (3) (4); from o-xylene (1:7430) + CI2 in sunlight see (1); for formn. of 
C (13%) during chloromethylation of benzyl chloride (3:8535) see (5).J 
C on oxidn. with KMn04 yields phthalic ac. (1:0820). 


8:1040 (1) Radziewanowski, Schramm, Cent. 1808, I 1019. (2) Quelet, BuU. soc. chim (4) 58 

223 (1934). (3) Colson, Ann. chim. (6) 6, 108-109 (1885). (4) Colson, Gautier, Ann chim 

(6) 11, 22 (1887). (6) Kulka, Can. J. ResearOi 28-B, 107 (1946). 
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3:1055 2.CHLORO-S-METHyLPHENOL OH CtHtOCI 
(2-Chloro-m-cresol) 

iJcH, 

MJ>. 55-56° (1) B.P. abt. 194° ( 1 ) 

49-50° (2) 

Transparent cryst. (1) (2) from pet. eth. — Very spar. sol. cold aq.; pronounced phenolic 
odor < 1 ). 

[For prepn. from ?»-cresoldisulfonic acid by chlorination see (2>; from 2-nitro-3-methyl- 
phenol via 2-amino-3-methylphenol see (2); from 2-chloro-3-methylanisole by boilg. with 
HI see (l).l 

C treated with (CH 3 ) 2 S 04 + aq. NaOH gives its methyl ether, 2-Ghloro<^methylanisole, 
pr. from light pet. eth., m.p. 24.2**, b.p. 218.5® (1). [This methyl ether on oxidn. with 
dil. KMn 04 (734 hrs. for 5 g.) gave (1) 2-chloro-3-methoxybenzoic acid, stout colorless 
rectangles, m.p. 160.5° (1), 160® (3), Neut. Eq. 186.5.] 

© 2-Chloro-3-methylphenyl benzoate: from C + BzCl + pyridine, pr. from ale., m.p. 
55-56° ( 2 ). [Note that this value is numerically the same as C and that the deriv. 
must be distinguished from orig. C, e.g., by mixed m.p. or behavior with alk.] 

® 2 -Chloro- 3 -methylphenyl benzenesulfonate: from C + benzenesulfonyl chloride + 
pyridine; pi. from ale., m.p. 58-58.5® ( 2 ). [See note for above deriv.) 

® 2-Chloro-3-methylphenyl ^-toluenesulfonate : from C + p-toluenesulfonyl chloride 
+ pyridine; pr. from ale. m.p. 96® ( 2 ). [Note that this deriv. does not distinguish 
C from 6-chloro-3-methylphenol (3:0700) or 4-chloro-3-methylphenol (3:1535).] 

3:1055 (l) Gibson, J. Chem. Soc. 1926, 1424-1428. (2) Huston, Chen, J. Am, Chem, Soc, 55, 

4214-4218 (1933). (3) Hodgson, Beard, J. Chem, Soc. 1926, 150. 

3:1067 4,4'-DICHLORODIPHENYL- C 13 H 10 CI 2 

METHANE Cl/ V 

(Di- (p-chlorophenyl)methane) > — < >CH 2 

M.P. 55-56° {!) B.P. 337° at 760.6 mm. (5) 

55° (2) <3) <4) (5) 186-190° at 18 mm. (1) 

54^55° (7) 208-210° at 16 mm. (3) 

Colorless ndls. from MeOH. 

[For prepn. of C from 4,4'-dichlorobenzophenone (3:4270) by reduction with cone. 
HI -f red P in boilg. AcOH (4) or as by-prod, of reduction with Zn dust -f AcOH *f dil. 
H 2 SO 4 < 5 ) see indie, refs.; from 4,4^-diaminodiphenylmethane [Beil. XII-238, XIIi-(71)] 
by tetrazotization and subsequent use of CU 2 CI 2 reaction (50% yield) see (1).] 

[For prepn. of C from chlorobenzene (3:7903) by action of si/m.-dichloro-dimethyl ether 
(3:5245) in pres, of ZnCL (3) or better (aim. 100 % 3 deld (3)) cone. H 2 SO 4 at 40°, or by 
action in pres, of H 2 SO 4 of various other formaldehyde derivs. ( 6 ), see indie, refs.; from 
p-chlorobenzyl chloride (3:0220) with chlorobenzene (3:7903) -f- cone. H 2 SO 4 (67% 
yield (3)) see indie, refs.] 

[For prepn. of C from DDT ” (3:3298), from l,l-dichloro-2, 2-Ws-(p-chlorophenyl)- 
ethylene (3:2438), or from di-(p-chlorophenyl)acetic acid (3:4612) by action of KOH 
in ethylene glycol refluxed 8-10 hrs. (aim. 100 % yield) see ( 2 ).] 


Beil. V - 590 

Vi- 

V2-(501) 


BeU. VI — 
VIi- 
VIa.(355) 
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[For formn. of C (21% 3rield) from hydrazone of 4,4'-dichlorobenzophenone (3:42^0) 
via Wolff-Kishner reduction see <7).] 

C on oxidn. with CrOa/AcOH readily gives (3) 4,4'-dichlorobenzophenone (3:4270), 
m.p. 145° (3). 

C on dinitration by addn. to 8 pts. fumg. HNO3 {D — 1.5) with water cooling^ gives 
<1) 3,3'-dinitro-4,4'-dichlorophenylmethane, white pi. from AcOH, m.p. 19S-199° <1), 
196° <3}; this prod, with piperidine splits out 2 moles HCl giving (1) 3,3'^initro-4,4'- 
dipiperidinodiphenylmcthane, m.p. 183-184° (1). — [Note, however, that C dislvd. in 
9-10 wt. pts. cone. HNO3 {D = 1.42) and kept at 100° for 1 hr. (3) gives some of the 
above dinitro derivative but is also in part oxidized and nitrated (or vice versa) with 
formn. of 3,3'-dinitro-4,4'-dichlorobenzophenone, ndls. from ale., m.p. 132° (3); see also 
text of 4,4'-dichlorobenzophenone regarding nitration.] 

3:1057 ( 1 ) LeFevre, Turner, J. Chem. Soc. 1927, 1120. (2) White, Sweeney, U.S. Puh. Health 

Repts. 60, 66-71 (1945). (3) Stephen, Short, (lladding, J. Chem. Soc. 117, 522-623 (1920). 
( 4 ) Montagne, Rec. trav. chim. 25, 390 (1906). (5) Montague, Rec. trav. chim. 25, 412 (1906). 
(6) Bentley, Catlow (to W. Blythe and (>)., Ltd.), Brit. 446,450, May 28, 1936; Cent. 1936, II 
4060-4051; C.A. 30, 6760 (1936). (7) Gruniinitt, Jenkins, J. Am. Chem. Soc. 68, 914 (1946). 


3 : 1058 /3,^-DICHLOROPROPIONIC ACID C 3 H 4 O 2 CI 2 

Cl 2 CH.CH 2 .COOH 


M.P. 56° (1) 


Beil. II -352 
III- 

n2- 


Colorless cryst., eas. sol. aq., ale., ether, C^He, or CHCI3. 

[For prepn. of C from /S-chloroacrylic acid (3:2240) by addn. of 1 HCl with 40% aq. 
HCl in s.t. at 80-85° for 35-40 hrs. (yield not stated) see (1).] 

C with ale. KOH splits out 1 HCl giving (1) /S-chloroacrylic acid (3:2240). 

C with SOCI2 at 75-80° for 3-4 hrs. gives (2) /3,/3-dichloropropionyl chloride (3:9032-A). 

Methyl /3,^-dichloropropionate : unreported. 

Ethyl /3,^-dichloropropionate: b.p. 171-175° (1). [From C in FitOH with dry 

HCl <1).] 

© /3,i3-Dichloropropioiiamide: ndls. from CHCI 3 , m.p. 140° ( 1 ). [From ethyl / 3 ,j 3 - 
dichloropropionate (above) with cone, aq, NH 4 OPI on shaking at room temp. ( 1 ).] 

/3,i3-Dichloropropionanilide: unreported. 

/3,/?-Dichloropropion-p-toluidide: unreported. 

3:1058 (1) Otto, Ann. 239, 266-272 (1887). (2) Leimu, Ber. 70, 1050 (1937). 


3:1060 2,3,6-TRICHLOROBENZALDEHYDE C 7 H 3 OCI 3 Beil. S.N. 635 

Cl 

<( )^CHO 
ci Cl 


M.P. 56° (1) 

Colorless ndls. (from dil. ale.) with characteristic pungent odor. — Volatile with steam. 
— [Note that a patent abstract gives m.p. as 75-76° (2).] 

[For prepn. of C from 3-amino-2,5-dichlorobenzaldehyde (presumably by diazotization 
and use of CU2CI2 reaction) see <1).] 

C on oxidn. with neutral KMn04 gives (1) 2,3,5-trichloroben2oic acid (3:4485), mp 
162-163°. 
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C with PCIb should give 2,3,5-trichlorobenzal (di)chloride, but this compd. is unreported 
in the literature. 

2,3,6>Trichlorobenzaldoxime: unreported. 

2,3r5-Trichlorobenzaldehyde phenylhydrazone: unreported. 

2,3,6-Trichlorobenzaldehyde )>-nitrophenylhydrazone: unreported. 

2,3,6-Trichlorobenzaldehyde 2,4-dinitrophenylhydrazone : unreported. 

3:1060 (1) Hodgson, Beard, J. Chem. Soc. 1927 . 2381-2382. (2) Chem. Fabrik Griesheim- 

Elektron, Brit. 251,.511, May 27, 1926; Cent. 1926 , II 2355; [C.A. 21 , 1361 (1927)1; French 603,- 
650, April 20, 1926; Cent. 1926 , II 2355; not in CJi. 


3:1085 DICHLOROACETALDEHYDE Cl OH C 2 H 4 O 2 CI 2 Beil. I -614 

H^H EZ 

A, Ah ^ 

M.P. 56-57° <1) (4) B.P. 118-121° (1) 

55-56° (2) 96-97.5° (2) 

Cryst. from CeHe (3). — Ea.s. sol. aq. or ether; sol. CS 2 . 

[For prepn. of C from dichloroacetaldehyde (3:5180) with a limited amt. of cold aq. 
see ( 2 ); for formn. of C from of,i3,/3-trichloroethyl ethyl ether with aq. see ( 2 ); for formn. of 
C as by-product of actn. of CI 2 on paraldehyde in prepn. of butyrchloral (3:5910) see ( 2 ); 
for formn. of C from chloral hydrate with Al/Hg + aq. see (5).] 

C with cone. H 2 SO 4 yields (3) dKihloroacetaldehyde (3:5180), b.p. 89°. 

3:1085 ( 1 ) Denaro, Gazz. chim. Hal. 14, 119-120 (1884). (2) Oddo, Mameli, Gazz. chim. Hal. 33, 

II 398-399 (1903). (3) Friedrich, Ann. 206, 251-254 (1880). (4) Ingold, J. Chem. Soc. 125. 

1537 (1924). (5) Deodhar, J. Indian Chem. Soc. 11, 84 (1934). 


o 


3:1100 2-CHLOROBENZOQUINONE-l,4 

(Chloroquinonc) 



C 6 H 3 O 2 CI Beil. Vn - 630 
Vnx-(346) 


M.P. 57° <1) (2) (3) (4) (5) < 6 ) <7) (14) (15) 

56.0-56.5° cor. ( 8 ) 

56° (9) 

55-57° (10) 

54° (11) 

[See aUo 2‘Chlorohydroquinone (3:3130).) 

Pale yel. cryst.; eas. sol. aq., ale., ether, CHCI3. — Volatile even at ord. tem. — Gradu- 
ally dec. by light (3) (for study of photochem. decompn. in ale. see ( 12 )). — Sol. in cone. 
H2SO4 on warming with brown black color. 

[For prepn. of C from 2-Ghlorbhydroquinone (3:3130) by oxidn. with NaClOa + H 2 SO 4 
-f V 2 O 5 in AcOH (92% yield (13)), with K 2 Cr 207 -f H 2 SO 4 (yield: 89% (14), 84% ( 1 )) 
(7), with MnC )2 + dil. H 2 SO 4 (56% yield ( 1 )), or with Pb02 in CeHe (2) see indie, refs.; 
from 2-chloro-4-aminophenol [Beil. XIII-510, XIIIi-(181)] by oxidn. with K 2 Cr 207 + 
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H2SO4 (68% yield (8)) (10) (15) see indie, refs.; from benzoquinone-1,4 (1:9025) in CCI4 
with 34 mole HCl gas see (9); for formn. of C (together with other prods.) from oxidn. of 
copper salt of quinic acid (Beil. X-535, Xi-(270)] with Mn02, NaCl + dil. H2SO4 see (16).] 

(For use of C as vulcanization accelerator see (17); for use as seed disinfectant see (18); 
for study of bactericidal action see (19).] 

C on reductn. with aq. SO2 gives (16) (7) 2-chlorohydroquinone (3:3130) (note, however, 
that C in dil. aq. NaOH under N2 with 802 is in part reduced to 2-chlorohydroquinone and 
in part sulfonated (20)). (For studies on oxidn .-reductn. potential of system C -h 2- 
chlorohydroquinone (3:3130) see (1) (2) (3) (21) (22) (23) (24).] — [C with 2-chlorohydro- 
quinone (3:3130) yields (1) (16) (25) the corresp. quinhydrone, monohydrate, violet pr. 
with green shimmer, m.p. 70-72° (25), anhydrous form, m.p. 93-94° (25), 67° (1); C with 
hydroquinone (1 : 1590) gives (25) (6) corresp. quinhydrone, dark green ndls. from ale., 
m.p. 132-133° (25), 130-135° (6).] 

[C in CHCI3 with HCl gas (7) (26) or C with hot cone. HCl (83% yieldJlO)) gives only 
2,5-dichlorohydroquinone (3:4690), but C in ether with HCl gas (26) or C dislvd. in cold 
dil. HCl (D = 1.10) (26) gives both 2,3-dichlorohydroquinone (3:4220) and 2,5-dichloro- 
hydroquinone (3 : 4690) ; C refluxed with cone. HBr gives (27) 2-chloro-5-bromohydroquin- 
one [BeU. VI-853], ndls. m.p. 171-172° (28) (diacetate, m.p. 145-146° (28)); C in ale. 
with KCN H2SO4 gives in good yield (29) 3,6-dihydroxyphthalonitrile (2,3-dicyano- 
hydroquinone) [Beil. X-551].] 

[C with AC2O -h trace H2SO4 yields (29) a chloro-hydroxyhydroquinone triacetate, 
ndls. from ale., m.p. 96-97° (29); C with AcCl gives (28) 2,5-dichlorohydroquinone diacetate, 
m.p. 141°; C with AcBr gives (28) 2-chloro-5-bromohydroquinone diacetate, m.p. 145- 
146° (28),] 

[C with 2,3-dimethylbutadiene-l,3 (1:8050) gives an adduct which upon oxidn. yields 

(30) 2-chloro-6,7-dimethylnaphthoquinone-l,4; for reactn. of C with diazotized aniline see 

(31) ; for addn. prods, of C with hexaraethylbenzene (1 : 7265) see (5).] 

[C in ale. or AcOH on warming with aniline gives (32) 2,5-dianilinobenzoquinone-l,4 
[BeU. XIV-138, XIIIi-(413)], red-br. scales, m.p. 345° u.c.J 

[C in dil. ale. with NH2OH.HCI as directed {S3) gives 2-chlorobenzoquinone-l,4-mon- 
oxime-4 (purified (with difficulty) by conv. to the mixt. of stereoisomeric oxime acetates 
followed by hydrolysis), m.p, 142° (34), 148° dec. (35); this prod, by special treatment 
yields a dioxime [Beil. VIl-632].] 

C in cold dil. ale. with semicarbazide HCl gives (36) 2-chlorobcnzoquinone-l,4-semi- 
carbazone-4, deep yel. cryst. from acetone -f pet. ether, m.p. 185° dec. (36); this prod, on 
boUg. with dil. aq. NaOH yields o-chlorophenol (3:59^) H- N2 + CO2 + NH3 (36); C 
does not give a &fs-semicarbazone (36). 

8:1100 (1) Conant, Fieser, J. Am. Cheni. Soc. 45, 2201-2202 (1923). (2) Hunter, Northley, 

J. Phya. Chem. 37, 885-886 (1933). (3) LaMer, Baker, J. Am. Chem. Soc. 44, 1956, 1960 (1922). 

(4) Clarke, J. hid. Eng. Chem. 10, 891-895 (1918). (5) Pfeiffer, Ann. 418, 291-292 (1916). 

(6) Siegmund, J. prakt. Chem. (2) 98, 360-361 (1915). (7) Levy, Schultz, Ann. 210, 145-147 

(1881). (8) van Erp, Ber. 58, 663-665 (1925). (9) Michael, Cobb, J. prakt. Chem. (2) 82, 304- 

305 (1910). (10) Eckert, Endler, J. prakt. Chem. (2) 104, 83 (1922). 

( 11 ) Kelu-mann, Ber. 21, 3316 (1888). (12) Leighton, Dresia, J. Am. Chem. Soc. 52, 3557- 

3562 (1930). (13) Underwood, Walsh, J. Am. Chem. Soc. 58, 646-647 (1936). (14) Den Hol- 
lander, Rec. trav. chim. 39, 483-484 (1920). (15) KoUrepp, Ann. 234, 14 (1886). (16) Stadeler, 

Ann. 69, 302-309 (1849). (17) Fisher (to Naugatuck Chem. Co.), French 740,978, Feb. 3, 1933* 

Cent. 1933, I 3133. (18) I.G., Brit. 275,539, Sept. 28, 1927; French 623,867, July 2, 1927; 

Austrian 108,914, Feb. 25, 1928; Cent. 1928, I 2292. (19) Morgan, Cooper, J. Soc. Chem. Ind. 

43-T, 352-354 (1924). (20) Dodgson, J. Chem. Soc. 1930, 2498-2502. 

(21) Hunter, Kvalnes, J. Am. Chem. Soc. 54, 2874-2875, 2878 (1932). (22) Kvalnes, J. Am. 

Chem. Soc. 56, 668 (1934). (23) Conant. Fieser, J. Am. Chem. Soc. 44, 2484-2485, 2489 (1922). 
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<24) Conant, Am, Chem. 8oc. 49, 293-297 (1927). (25) Ling, Baker, J, Chem. Soe, 93, 1318- 

1319 (1893). (26) Peratoner, Genco, Gazz. chim, Ual. 24, II 394 (1894). (27) Ref. 7. pp. 160-161. 

(28) Schulz, Ber. 15, 666 (1882). (29) Thiele, Gtinther, Ann. 349, 48, 62 (1906). (30) I.G., 

Brit. 324,661, Feb. 27, 1930; French 677,296, March 6, 1930; 677,781, March 14, 1930; Cent, 
1930, II 810. 

(31) Gilnther (to I.G.), Ger. 608,395, Oct. 1, 1930; Cent. 1931, 1 1676; cf. GUnther (to General 
Aniline Works), U.S. 1,735,432, Nov. 12, 1929; Cent. 1930, II 137. (32) Niemeyer, Ann. 228, 

331 (1885). (33) Kehrmann, Ann. 279, 30-39 (1894); Ber. 21, 3316-3317 (1888). (34) Bridge, 

Ann. 277, 100-101 (1893). (36) Fischer, Neber, Ber. 45, 1097 (1912). (36) Heilbron, Hender- 

son, J. Chem. Soc. 103, 1416 (1913). 


3; 1115 /3-CHLOROETHYL PHENYL 

KETONE / \ c- 

(^-Chloropropiopheiione) ^ ^ 


C9H9OCI 

-CH2CH2 


J., 


M.P. 57-58° (1) 
57° (2) 

55-56° (3) 


Beil. Vn - 302 

vui-dei) 


49-50° (4) (5) 

49° (3) 

See text. 

Lfts. from pet. ether (5), ale. (1) (5), or ether (2); eas. sol. in org. solv. except Igr. — 
C on distn. even under reduced press, loses HCl with partial conversion (2) to phenyl 
vinyl ketone; nevertheless in small amts, of less than 10 g. C may be distd. below 2 mm. (3); 
in general, however, unnecessary htg. of C should be avoided (4). 

[For prepn. of C from /S-chloropropionyl chloride (3:5690) with CeHe + AICI3 (yield: 
90% (1), 80-90% (6), 65% (5)) see indie, refs, (note, however, that this method is best 
suited for small runs (6) since with large units much o^•benzylacetophenone [Beil. VII-444, 
VIIi-(237)], m.p. 72°, is also formed (6) (4); furthermore that C prepd. by this method 
melts at 49° even when white, unless it is treated with decolorizing carbon (3) ; for prepn. 
from benzoyl chloride^ (3 ; 6240) ethylene + AICI3 (87-92% yield) in special apparatus 
see (3); for prepn. of C from phenyl vinyl ketone + HCl gas in dry ether see (2); for formn. 
of C from ethyl phenyl ketone (propiophenone) (1 : 5525) + CI2 see (7).] 

[C htd. 15-30 min. in AcOH with 1)^ moles NaOAc or KOAc, then poured into aq. and 
neutralized with K2CO3, gives (8) ^-acetoxypropiophenone, lfts. from MeOH, m.p. 63-54° 
(8); C in hot ale. treated with KOAc, then with aq. NaCN, gives (65% yield (9)) /3-cyano- 
propiophenone, lfts. from ale., m.p. 76° (2,4-dinitrophenylhydrazone, m.p. 141°; corresp. 
/3-benzoylpropionic acid, m.p. 116° (9)).] 

[C under certain circumstances reacts as potential phenyl vinyl ketone: e.g., C + KOAc 
in hot MeOH treated with phenyl-nitromethane + NaOMc gives (82% yield (10)) (pre- 
sumably by addn. to phenyl vinyl ketone) 7-nitro-7-phenylbutyrophenone, ndls. from 
CeHe -f- pet. eth. or from MeOH, m.p. 72° (10); similarly C + KOAc in hot MeOH treated 
with desoxybenzoin (1:5165) + Na(3Me gives (55% yield (6)) 1,2,5-triphenylpentanedione- 

l, 5, m.p. 95° (monoxime, m.p. 131°; dioxime, m.p. 162°; 2,4<linitrophenylhydrazone, 

m. p. 221°) (6).] 

C in AcOH reduced with H2 + Adams cat. gives (11) 3-chloro-l-phenylpropanol-l, 
b.p. 130-132° at 8 mm. (p-nitrobenzoate, m.p. 62-63°) (11). 

[For study of rate of reactn. of C with KI in acetone see (5) ; for study of C with Na -+• 
liq. NH3 see (12); for behavior of C with anthrone see (13) (14) (15); for reactn. of C with 
CeHsMgBr yielding «-benzylacetophenone (/3-phenylpropiophenone) (cf. above) see 
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(16) (2); for reactn. of C with sodium benzenesulfinate giving (68% 3deld) ^(benzenesul- 
fonyl)propiophenone, m.p. 98® see (17).] 

C htd. with aq. + aniline for 30 min. at 100® gives (4) /3-anilinopropiophenone, pi. from 
ale., m.p. 111-112® (4); note, however, that C htd. with aniline + aniline HCl yields (4) 
4-phenylqiiinoline. 

[C in MeOH boiled 3 hrs. with hydrazine hydrate (87%) gives (28% yield (18)) 3- 
phenylpyrazoline-2, b.p. 164® at 17 mm., m.p. 44-45® (18) (1-nitroso deriv., m.p. 152.5- 
153.5®; 1-carbomethoxy deriv., m.p. 12.3-124°; 1-carbethoxy deriv., m.p. 72°) (18). — 
C (or phenyl vinyl ketone) with phenylhydrazine yields by ring closure (19) 1,3-diphenyl- 
pyrazoUne-2 [Beil. XX1II-153I, m.p. 152-153® (19).] 

(C htd. in ale. with NH2OH.HCI + NaOH gives very small yield (8) corresp. oxime, 
m.p. 56-58°; from the mother liquor, however, is obtd. (8) as a result of ring closure 3- 
phenylisoxazoline, tbls. from Igr. m.p. 66-67°, which is the sole product starting from 
/3-acetoxypropiophenone (above); another by-product of oximation is A^,iV’-5is-(/3-benzoyl- 
ethyl)hy^oxylamine dioxime, m.p. 154-155® (8).] 

® /3-(Phthalimido)propiophenone: cryst. from ale., m.p. 1.30® (1). [From C + K 
phthalimide in 68% yield on htg. in s.t. for 1 hr. at 130-140® (1); on hydrolysis with 
fumg. HCl in AcOH in s.t. at 145-150® for 1 hr. this prod, gives 95% yield (1) /3- 
aminopropiophenone hydrochloride, cryst. from abs. ale., m.p. 128° (1).] 

® l-Methyl-3-carbohydrazidopyridinium ^-toluenesulf onate : cryst. from ale., m.p. 
171° cor. (20). [From C + nicotinic hydrazide /methyl p-toluenesulfonate addn. 
prod, as directed (20).] 

3:1115 (1) Hale, Britton, J. Am, Chan. Soc. 41. 845-847 (1919). (2) Kohler. Am. Chan. J. 

43, 389 (1909). (3) Allen, Cre.ssmann, Boll, Can. J. Research 8, 440^46 (1933). (4) Kenner. 

Statham, J. Chem. Soc. 1935, 301. (5) Conant, Kirner, ./ Am. Chem. Soc. 46, 239-240, 251 

(1924). (6) Allen, Barker, J. Am. Chem. Soc. 54, 740-742 (1932). (7) Szper, Bull. soc. chim. 

(4) 51, 656 (1932). (8) von Auwers, Muller, J. prakt. Chem. (2) 137, 124- 127 (1937). (9) 

AUen, Gilbert, Young, J, Org. Chem. 2, 231 (1937). (10) Allen, Bridgess, J. Am. Chem. Soc. 51. 

2153-2154 (1929). 

(11) Case, J. Am. Chan. Soc. 55, 2929 (1933). (12) Dean, Bcrchet, J. Am. Chem. Soc. 52. 2826 

(1930). (13) Allen, Overbaugh, J. Am. Chem. Soc. 57, 1322-1325 (1935). (14) Nakanishi, 

Proc. Imp. Acad. Tokyo 9, 394-397 (1933); Cent. 1934, II 2218; C.A. 28, 762-763 (1934). (15) 

Kr3,nzlein, Vollmann, Greune, WoJfraim, Ger. 488,608, Jan. 18, 1920; Cent. 1930. II 3860. (16) 

Weizmann, Bergmann, J. Chem. Soc. 1936, 402. (17) Kohler, Larsen, J. Am. Chem. Soc. 57. 

1449 (1935). (18) von Auwers, Ilehnke, Arm. 458, 207-208 (1927). (19) von Auwers, Ber. 65. 

832-833 (1932). (20) Allen, Gates, J. Org. Chem. 6 , 596-601 (1941). 

3 : 1130 /^-METHYLPHENACYL CHLORIDE C9H9OCI BeU. VII - 309 

(Chloromethyl p-tolyl ketone, CH;}/ \cO.CH2Cl VIIi-(165) 

co-chloro-p-methylacetophenonc) ^ 

M.P. 57-58® (1) (5) B.P. 360-!263° (2) 

55.5- 56® (2) (3) 360-265® si. dec. (3) 

54.5- 55® (4) 113® at 4 mm. (4) 

Ndls. from ale.; eas. sol. ale., ether. 

[For prepn. from toluene (1:7405) -f chloroacetyl chloride (3:5235) + AICI 3 see (2) (3); 
from toluene -h chloroacetic acid anhydride (3:0730) + AICI 3 (46-59% yield) see (4).] 

C on oxidn. with alk. KMn04 gives terephthalic ac. (1:0910) (2). 

C with Nal in acetone gives p-methylphenacyl iodide, ndls. from ale., m.p. 42-43® (11). 
C refluxed with ale. KOAc yields (2) p-methylphenacyl acetate [Beil. VIII-113], ndls 
from ale., m.p. 83-83.5® (2), 85-86® (1). 
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C dislvd. in ale. warmed at 60° with Na2S.9H20 dislvd. in aq. gives (5) (73% 3 deld (6)) 
5is-(p-methylphenacyl)Bulfide, pale yel. ndls. from ale., m.p. 88° (5); 88.8-89.3° (6). [For 
detn. of C by titration of residual chloride ion from this reaction see (5).] 

[For reactions of C with phenol + KOH + Cu see (7); with phenyl-p-bromophenyl-, 
p-nitrophenyl-, o-tolyl-, and p-tolyl-hydrazines see (5); with Br 2 see (8); with KCN or 
KSCN see (9); with ale. NaOEt see <10>.J 

3:1130 (1) von Auwers, Ber. 39 , 3761 (1906). (2) Collet, BuU. aoc. chim. (3) 17 , 607-508 (1897). 
<3) Ryan, Ber. 31 , 2132 (1898). (4) Noller, Adams, J. Am. Chem. Soc. 46 , 1893-1894 (1924). 

(5) Hoogeveen, Rec. trav. chim. 50 , 674-677 (1931). (6) Chrzaszc-Zewska, Chwalinski, RoczniH 

Chem. 8, 432-443 (1928) ; Cent. 1929 , I 511; C. A. 23 , 1629 (1929). (7) Sabetay, Buil. soc. chim. 

(4) 45 , 537 (1929). (8) Rabcewicz-Zubkowski, Roezniki Chem. 10 , 541-544 (1930); CerU. 1930 , 

II 3273. (9) Rabcewicz-Zubkowski, Kafiinska, Roezniki Chem. 10 , 555-569 (1930) ; Cent. 1930 , II 

3274. (10) Almatrom, Ber. 47 , 848-849 (1914). 

(11) Jacobs, Heidelberger, J. Biol. Chem. 21, 456 (1915). 


3:1145 2,6-DICHLOROBENZALDEHYDE C 7 H 4 OCI 2 

Cl 


M.P. 58° (1) B.P. 231-233° (1) 

57-58° (2) (4) 230-233° (2) 

57° (3) 

Ndls. from ale. (4). — Very eas. sol. ale., ether, CHCI 3 , CeHe, CS 2 , AeOH (4). — Eas. 
volatile with steam (4). — Sol. in eonc. H 2 SO 4 with olive-yel. eolor; repptd, in eryst. form 
on dilution (4) (8). 

[For prepn. of C from benzaldehyde (1:0195) by chlorination in presence of SbCls + 
I 2 see (5) (1) (9); from 2,5-dichlorotoluene (3:6245) by chlorination to 2,5-dichlorobenzal 
(di)chloride (3:0490) (m.p. 42°) and hydrolysis of the latter with CaCOs + H 2 O see (1); 
from 5-nitro-2-chlorobenzaldchyde via reduction to 5-amino-2-chlorobenzaldehyde fol- 
lowed by diazotization + use of CuCl see (6).] 

C with stitd. aq. NaHSOa soln. yields a cpd., C.NaHSOs (5), ndls. fairly eas. sol. aq. but 
dissociating on warming into C + aq- (5). 

C on oxidn. with KMn 04 (2) (4) yields 2,5-dichlorobenzoic ac. (3:4340), m.p. 152° (2), 
152-153° (4). — C with 50% aq. KOH (5) (1) (6) undergoes Cannizzaro reactn. giving 
(90% yield (6)) 2,5-dichlorobenzyl ale., cryst. from CsHe, m.p. 80° (1) (6), and (84% yield 
(7)) 2,5-dichloroberzoic ac. (3:4340), cryst. from aq., m.p. 155° (5) (7). — C on reductn. 
wiRi 4% Na/Hg in ale. yields (1) 2,.5-dichlorobenzyl ale., m.p. 80° (1). 

C with PCI 5 (3) gives (78% yield (3)) 2,5-dichlorobenzal (di)chloride (3:0490), b.p. 
118-120° at 14 mm., m.p. 42° (8), 43° (3). 

C on mononitration as specified (5) gives (1(X)% yield (9)) a mixt. of two isomers; by 
recrystallization from MeOH (9) or EtOH (5) this mixt. gives (62% yield (9)) 2,5-dichloro- 
6-nitrobenzaldchyde, Ifts. or ndls., m.p. 137*' (5); the other more soluble isomer is 2,5- 
dichloro-3-nitrobenzaldehyde (10), m.p. 66.5-67° (5). [The latter yields a phenylhydrazone, 
or. ndls., m.p. 171°, a p-nitrophenylhydrazone, deep or. ndls., m.p. 290-292° dec., and on 
oxidn. with alk. KMn 04 yields 2,5-dichloro-3-nitrobenzoic ac., colorless ndls. from AcOH, 
m.p. 220° (10).] 

[For conversion of C to 2,5-dichlorostyrene (12) (13) via reaction with MeMgX giving 
(83% yield (12)) 2,5Hlichlorophenyl-methyl-carbinol and dehydration of latter with 
KHSO 4 (37% yield (12)) see indie, refs.] 


<( ^CHO 

61 


Bed. Vn -237 
vni— 
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C htd. with NaOAc + AC2O for 8 hrs. at 180-200^ gives (78% yield <11)) 2,5-dichl6ro- 
cinnamic ac., colorless cryst. from dil. ale. or from AcOH, m.p. 194.5° cor. (11). 

C in ale. boiled a few minutes with aniline (1 mole) gives (6) 2,5-dichlorobenzal anil, 
Ifts. from ale., m.p. 71.5-72° (5). 

® 2,5-Dichlorobenzaldoxime: ndls. from dil. ale., m.p. 127.5-128° (5). 

® 2,6-Dichlorobenzaldehyde phenylhydrazone : cryst. from ale., m.p. 104-105° (5). 

2,6-Dichlorobenzaldehyde ^-nitrophenylhydrazone: unrecorded. 

2,6-Dichlorobenzaldehyde 2,4-dinitrophenylhydrazone: unrecorded. 

2,6-Dichlorobenzaldehyde semicarbazone: unrecorded. 

3:1145 (1) de Crauw, Rec. trav. chim. 50 , 773-774 (1931). (2) Gnehm, Ber. 17 . 753 (1884). 

(3) Asinger, Lock, Monatsh. 62 , 33fL337 (1933). (4) Erdmann, Schwerhten, Ann, 260 , 70-72 

(1890). (5) Gnehm, Banzigei, Ber. 20 , 875-876 (1896) , Ann. 296 , 62-80 (1897). (6) Erdmann, 

Ann. 272 , 154-156 (1892). (7) Lock, Ber. 66 , 1531 (1933). (8) Gnehm, Schule, Ann. 299 , 
359-361 (1898). (9) Look, Ber. 68 , 1508-1509 (1935). (10) Hodgson, Beard, J. Chem. Soc. 
1927 , 2381. 

( 11 ) Bock, Lock, Schmidt, Monatsh. 64 , 407 (1934). (12) Brooks, J. Am. Chem. Soc. 66 , 

1297 (1944). (13) Michalek, Clark, Chem. & Eng. News 22, 1559-1563 (1944). 


3:1150 

TRICHLOROACETIC ACID 

CI3C— COOH C2HO2CI3 Beil, n - 206 





ni-( 98) 
n2-(i96) 

M.P. 


B.P. 



59.4° 

(1) 

197.55° 

at 760 mm. (25) (26) 

Df® = 1.5083 (9) 

59.2° 

(2) (5) 

196-197° 

cor. (27) 

Di“® = 1.6451 (9) 

59.10° 

<3) 

196,5° 

(3) 

Dl® = 1.6830 (9) 

58.9° 

(5) 

196° 

at 760 mm. (28) 

Dt"* = 1.6030(31) 

58.7° 

<5) 

195.5° 

at 765 mm. (9) 

n??* = 1.4603 (31) 

58.6° 

(5) 

195.0-195.5° 

at 754 mm. (20) 

nf = 1.63 (2) 

58.5° 

(4) (5) 

195° 

(24) 

[For D4 over temp. 

58.3° 

<5) 

194.1-194.7° 

(29) 

range 80.2°-196° see 

58.1° 

<5) 

— 


(9).J 

58° 

(6) 

141-142° 

at 25 mm. (30) 


57.9° 

(5) (7) 

115° 

at 22 mm. (19) 


57.8° 

(S) 

107° 

at 21 mm. (9) 


57.6° 

(8) 




57.5° 

(5) (9) 




57.4° 

(11) 




57.3° 

(7) (10) 



A 


(11) (74) 

57.2° (5) (12) 

57° (13) (14) 

(15) (16) (17) (18) (19) 

(20) (78) 

56.7-56.8° (21) 

56.3° cor. (22) 

55° (23) (24) 

\See also chloroacetic acid (3:1370) and dichloroacetic add (3:6208).] 
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MISCELLANEOUS PHYSICAL PROPERTIES OF C 
Polymorphism of C 

Note that unlike chloroacetic acid (3 : 1370) C does not exhibit polymorphism [however, 
for a possible unstable form melting about 50° see (10)]. 

Cryoscopic Constant op C 

[Molal f.p. constant for C is 12.07° (for 1000 g. C) (32); for use of C as cryoscopic solvent 
see (17).] 


Association of C 

[For studies on extent of association of C in vapor as function of temp. (28), in CeHe 
soln. (33) (34), in liq. HF (35) (36), in phenol (37), or in p-clilorotoluene (3:8287) (42), 
see indie, refs.] 

Heat op Combustion op C 

[For studies on heat of combustion of C see (38) (39) (40) (41).] 

Exchange Reactions 

[For study of behavior of C with H20^* see (43).] 

Adsorption op C by Various Adsorbents 

[For studies on adsorption of C from aqueous solns. by various forms of carbon (44) 
(45) (46) (47) (48) (49), by silica gel (46), by filter paper (50), by hide-powder (51), by 
viscose (52), by synthetic resins (53), by freshly pptd. Fe(OH )3 (54), by metastannic acid 
(55), see indic. refs,] 

[For studies on adsorption of C from non-aqueous solvents by wood charcoal (56), or 
from aq. ale. by charcoal (57), see indic. refs.] 

Distribution of C between Solvents 

[For data on distribution of C between aq. and ether at 25° (58) (59); between aq. and 
amylene at 22° (60) cf. (61); between aq. and (60) (61) (62) cf. (63); between aq. and 

toluene at 25° (64); between aq and isopropylbenzene (cumene) at 25° (64); between aq. and 
n-^AmOII at 25° (64); between aq and iso~AmOH at 25° (64); between aq. and benzyl ale. at 
25° (64); between aq and olive oil at 25° and 37° (65), see indic refs.] 

[For data on distribution of C between aq. and nitrobenzene at 25° (62) (64), between 
aq. and o-nitrotoluene at 25° (64) (68), see indic. refs ] 

[For data on distribution of C lietween aq. and CHCk (3:5050) at 25° (62) (64); between 
aq. and CCh (3:5100) at 25° (62) (64); between aq. and EtBr at 25° (64); between aq. and 
Mel at 25° (64) (69), see indic. refs.] 

[For data on distribution of C between aq. and CS^ at 25° (62); between acetone and 
glycerol at 25° (66); for distribution of C between aq. and mixtures of C^He + nitrobenzene 
(67); between aq. and mixtures of CqIIq -h iso-ArnOH (67); between aq. and mixtures of 
-f CHCk (67), see indic. refs.] 
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Binary Systems Contq. C 
Azeotropic Systems 

[C with pentachloroethane (3:5880) forms a const. -boilg. mixt., b.p. 161.8° at 760 mm., 
contg. 3.5 wt. % C (25); C with p-dichlorobenzene (3:0980) forms a const.-boilg. mixt., 
b.p. 174 0° at 760 mm., contg. about 12 wt. % C (26); C with o-bromotoluene forms a 
const.-boilg. mixt., b.p. 180.0° at 760 mm., contg. about 18 wt. % C (26).] 

Other Physical Data on Binary Systems Contg. C 

C+aq. [Ciseas. sol. aq.; for study of hydration at —35° see (70) cf. (34); for f.p./ 
compn. data see (3); for data on D20 (31) and Dft (71) of aq. solns. see indie, refs.; for 
Wd ( 8), no (31) cf. (73) see indie. refs.J 

C H2SO4. [For f p. /compn. data and diagram (no compd. formed) sec (10).] 

C + H3PO3. [For f p./compn. data and diagram (no compd. formed) see (12).] 

C + AcOH (1:1010). [For f.p. /compn. data (no cpd.) (74), (2), VLscosity (2), 

and conductivity (1) see indie refs.] 

C + chloroacetic acid (3:1370). [For f.p. /compn. data (74), eutectic, m.p. 17.5°, contg. 
51.5 mole % C (75), sec indie, refs.] 

C + dichloroacetic acid (3:6208). [For f.p. /compn. data (74), eutectic, m.p. —11.0°, 
contg. 36 mole % C (75), see indie, refs.] 

C miscellaneous cpds. of Order 1. [For f.p. /compn. data on following systems see 
indie, refs.] 

C with hydrocarbons: G -f C^ll^ (1:7400) (5); C + camphene (76). 

€ with alcohols: G + EtOH (1:6130) (14); G + ter-BuOH (1:6140) (14); G + cetyl ale. 
(1:5945) (14); G d-bameol (1:5990) (14); C A’ l-merithol (1:5940) (14); C 
(1:5805) (14); G meso-erythritol (1:5825) {Q); G^-\- d-niannitol (1:5830) (14). 

G with phenols: G + phenol (1 : 1420) (14) (11); ^ -f o-cresol (1: 1400) (11); G m-cresol 
(1:1730) (11); G -h p-cresol (1:1410) (11); G guaiacol (1:1405) (14); G thymol 
(1:1430) (11); G + a-naphthol (1:1500) (11); G -f- ^-naphthol (1:1540) (11); G + hydro- 
quinone (1:1590) (14) 

G with aldehydes: G A- henzaldehyde (1:0195) (7); G + salicylaldehyde (1:0205) (7); 
G + m-hydroxybenzaldehyde (1:0055) (7); G A- p-hydroxybenzaUiehyde (1:0060) (7); 

G + p-amsaldehyde (1:0240) (7); G + vanillin (1:0050) (7); G + pipcronal (1:0010) (7). 

G with ketones: G acetophenone (1:5515) (7); G + henzophenone (1.5150) (7); G -f- 
p-methoxybenzophenone (1:5170) (7); (? 4“ bernU (1:9015) (7);C + dibenzalacet(me (1:9024) 
(7); G + benzoquinone-lA (1:9025) (7>. 

G with adds: G + acetic acid (1 : 1010) (74); C + benzoic add (1:0715) (74); G o~toluic 
add (1:0690) (74); G + ni-toluic acid (1:0705) (74); G + p-toluic acid (1:0795) (74); 
G -F phenylacetic acid (1:0665) (74); G + dnnarnic acid (1:0735) (74); G 4- crotonic acid 
(1:0425) (74). 

G with esters: G 4“ EtOAc (1:3015) (5); C 4- a-naphthyl acetate (1:2124) (5); (? 4- /3- 
naphthyl acetate (1:2273) (5); G 4- methyl benzoate (1:3586) (5); G 4“ ethyl benzoate (1 :3721) 
(5); G benzyl benzoate (1:4422) (5); G phenyl benzoate (1:2257) (5); G A- methyl 
dnnamate (1:2090) (5); G 4- phenyl salicylate (“ Salol ”) (1:1415) (5); various others (5). 

G with ethers: G 4- diethyl ether (1:6110) (77); G 4- veratrole (1:7560) (14) 

C 4- compounds of Order 2. C 4- o-nilrophenol (11); G rri-nitrophenol (11); G -\- 
p-nitrophenol ( 11 ); ^ 4 - o-nitrobenzaldehyde (7); C 4 “ m-nitrobenzaldehyde ( 7 ); G-\~p- 
nitrobenzaldehyde {7); G 4* mtropiperonal (7); (? 4- azobenzene (78); <? 4- ethyl carbamate 
(urethane) (16); C 4- urea (78A). 
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BIOCHEMICAL ASPECTS OF C 

[For study of toxicity of C see (79); for study of bactericidfil effect see (80) (81).] 
PREPARATION OF C 

From chloral (anhydrous). [For prepn. of C from chloral (3:5210) by oxidn. with 
fumg. HNO3 (82) (83) (84), with HNO2 (85), with NO2 at 40-00^ (70% yield (86)), or with 
aq. chlorates + cat. see (312); for formn. of C from chloral as by prod, of oxidn. with O2 
see (23).l 

From chloral hydrate. [For prepn. of C from chloral hydrate (3:1270) by oxidn. with 
fumg. HNO3 (637o yield (82)) (85), with KMn04 (88), with KCIO3 (89), with Ca(OCl)2 
(15), or with aq chlorates + cat. (312) see indie, refs.] 

From acetic acid. [For formn. (fir.st discovery) of C from acetic acid (1:1010) by 
chlorination with CI2 in sunlight see (90).] 

From tetrachloroethylene. [For formn. of C from tetrachloroethylene (3:5460) by 
stdg. in aq. in light for 4 months see (91) cf. (92); for many other methods see text of tetra- 
chloroethylene (3:5460) under oxidation.] 

From miscellaneous sources. [For formn. of C from pentachloroethyl cliloroformate 
[Beil. 111-13, IIIi-(6)] with aq. on htg. (93), but yield is small (94) owing to other modes 
of reaction (94); from pentachloroethyl trichloroacctate [Beil. 11-210] with aq. (95); from 
trichloroacetyl chloride (3:5420) (96) or from trichloroacetic acid anhydride (3:6575) 
(97) (98) with aq.; from /3,/3,i3-trichloroethyl alcohol (3:5775) by oxidn. with fumg. HNO3 
(210), see indie, refs.] 

CHEMICAL BEHAVIOR OF C 
Pyrolysis op C 

(See also below under decarboxylation.) Pure C shows no tendency to decompose at 
its b.p. (99). — [However, C in presence of pumice begins to decompose about 180® giving 
(99) HCl, COCI2 (3:5000), CO -f CO2. — C in pre.sence of Th02 begins to decompose at 
160-165° giving (99) the same products, although C in presence of Th02 above 210° (100) 
or in presence of kaolin above 230° (100) gives CHCI3 (3:5050), tetrachloroethylene 
(3:5460), hexachloroethane (3:4835), HCl, CO -f- CO2. — C in presence of animal charcoal 
at 135° gives (99) CHCI3 (3:5050) -f CO2, but at 200-300° these are accompanied (100) 
by a little tetrachloroethylene (3:5460), hexachloroethane (3:4835), HCl, and CO. — 
C at 300° in s.t, for 4 hrs. gives (101) trichloroacetyl chloride (3:5420), CO, CO2 + HCl. 

Reduction of C 

[C on partial reduction with Zn -f- aq, (102), with Cu pwdr. in aq. (103), with Cu pwdr. 
in CeHe + aniline (104) cf. (105), or C on electrolytic reduction (106) gives (yields: 80% 
(103) (106), 75-85% (104)) dichloroacctic acid (3:6208).] 

[C on complete reduction with HI at 1(X)° (87), or in aq. soln. wnth K/Hg (107) (84), or 
by electrolytic reduction with Pt, Cu, or Pb electrodes (108) gives acetic acid (1 : 1010).] 

[C in aq. ale. KOH with H2/Pd gives up all its chlorine as HCl (109) presumably yielding 
AcOH (1:1010).] 

Reactions Involving the — ^COOH Group op C 
Decarboxylation of G 

C in aq., in aq. alkalies, or in aniline or other organic bases undergoes cleavage into 
CHCI3 (3:5050) + CO2; for this decompn. presence of the trichloroacetate ion appears 
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necessary since in relatively nonbasic solvents it does not occur [e.g., C does not decompose 
at 25° in CeHe (110), toluene (111), CHCI3 (110) (111), CCI4 (110), CS2 (110), isoamyl ale. 
(117), acetone (110), ether (110), ethyl acetate (117), ethyl benzoate (110), acetic acid 
(117), nitrobenzene (110), or 6iVH2S04 (117); in MeOH (111) and in EtOH (111) (112) 
the only reaction is esterification (see below)]. 

The decompn. of C into CHCI3 + CO2 by boiling with aq. or aq. alk. has long been 
known (90) (113) (114) (115), and KCN behaves similarly (116). — [For studies on kinetics 
of decompn. of C in aq, at various temps, see (4) (118) (119) (103) cf. (120); note that rate 
of decompn. i.s catalyzed by light (111) (119) (121) (122). — For studies of decompn. of 
aq. solns. of various salts (117) (123) (124) (125) and influence of light (126) (127) or of 
presence of various other inorganic salts (128) see indie, refs. — For studies of decompn. 
of C in aqueous dioxane see (129). — Note that C with Ca(OH)2 on htg. gives CHCI3 and 
that this reaction has been patented (134).] 

[For study of decompn. of C in aniline (117) (111) (130) (131) including influence of 
supersonic waves (132) see indie, refs.; for decompn. of C in tertiary bases such as di- 
me^hylaniline see (133) but note in C does not decompose in pyridine (111).] 

[C on htg. in resorcinol or oresol gives (135) CHCI3 + CO2, but C on htg. in phenol or 
thymol decomposes differently yielding (136) (136) phosgene (3:5000) + HCl + CO.] 
[Note that, as a consequence of the decompn. of C into CHCL CO2, it has been em- 
ployed in Reimer-Tiemann types of condensation: e.g., C with phenol + aq. NaOH gives 
o-hydroxybenzaldehyde (1:0205) + p-hydroxyben,i5aldehyde (1:0060) (137) (138); many 
other phenols have also been studied (137) (138).] 

Acid Strength of C 

C in aq. soln. behaves as an exceedingly strong monobasic acid; Neut. Eq. = 163.4 
(found 164.6 (91)). — [Ionization constant of C in aq. soln. at 25° is about 1.2 (139) cf. 
(140), but because of strength of C and its tendency to decompn. (see above) no accurate 
value is available (143). — For discussion of resonance and acid strength of C see (141) 
(142) (143). — For studies of electrical conductivity of C in aq. solns. at various temps, see 
(144) (145) (146) (147) (30).J 

(Studies of acid strength of C in nonaqueous solvents include the following: in EtOH 
(148) (149), in n-BuOH (150) (13), in ether (161), in CHCI3 (151), in formamide (152), in 
CeHe (153), Jn chlorobenzene (154), or in dioxane (155). — For study of electrometric 
titration of C in CeHe (156), in ethylene glycol monomethyl ether C methylcellosolve ”) 
(157), in anisole-7i butyl ale. (157), see indie, refs. — For titration of C in AC2O soln. with 
NaOAc see (158) cf. (310). — For study of behavior of C with indicators in CeHe soln. see 
(159) (160).] 

Catalytic Effect of C on Various Reactions 

The catalytic influence of C upon diversified types of chem. reactions has been extensively 
examined; although this matter cannot be recorded exhaustively, the following examples 
are cited. 

[For studies on catalytic effect of C upon the inversion of ^-menthone to d-isomenthone 
in CeHe (161) (162) or in chlorobenzene (163); upon racemization of methyl-phenyl- 
acetophenone and of isobutyl-phenyl-acetophenone in various solvents (164); of isopulegone 
to pulegone in nonaqueous solvents (165); or on hydrogen disproportionation of d-limonene 
(311), see indie, refs.] 

[For studies of catalytic effect of C upon the hydrolysis of EtOAc (144) or of sucrose 
(166) (167) see indie, refs.] 

[For studies of catalytic effect of C upon formn. of ether from EtOH (168); upon rate 
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of esterification of various org. acids in MeOH <169) or in EtOH <170); upon nitration of 
toluene <171) cf. <172); upon decompn. of ethyl diazoacetate in CeHe <162) or other solvents 
<173) <174) <175); upon decompn. of nitramide in iso-AmOH <176); upon rearr. of iV- 
chloroacetanilide <177); upon rearr. of JNT-bromoacetanilide in chlorobenzene <178) <179) 
or in other solvents <179); upon rearr. of iV-bromobenzanilide in chlorobenzene <180); upon 
chromate or perchlorate oxidn. of EtOH <181); upon addition of HBr to 3-methylbutene-l 
<182), see indie, refs. 

Salts of C 

This topic cannot here be treated exhaustively but the following examples are cited. 

Salts with inorganic bases. [NH4A, prepn. <183); NH4A.C <184) <185); 2NH4A.5H2O 
<186) — Hydroxylamine salt, HONH3A, cryst. from dry ether by pptn. with Igr., m.p. 
133-134° <187).] 

[LiA, nlf of aq. solns. <8), nonhygroscopic cpds. with betaine or pyridine betaine <188); 
LiA.2H20 <189), conductivity of aq. solns. <190). — NaA <198), effect of dry distillation 
<191), conductivity in aq. <190) <192), in dry MeOH <193), in dry EtOH <194); nif of aq. 
solns. <8); NaA.3H20 <196). — KA.H2O <189) <198), solubihty and decompn. <197); 
KA.C <184) <185).] 

[AgA, spar. sol. aq., darkens in air; on dry htg. decomposes above 80° <199) yielding 
<198) AgCl, CO, CO2, and trichloroacetic acid anhydride (3:6575); with boilg. aq. AgA 
yields <198) AgCl, CO, CO2, CHCI3 (3:5050), and C; for behavior of AgA with I2 in CeHe 
see <200). — HgA, ndls. from aq. in which it is spar. sol. <201) <202) <203) <209) (note that 
it is soluble in CeHe <202)). — HgA2, attempts to prepare this mercuric salt have been 
unsuccessful <201) <204); aq. solns. of C react with HgO long after theoretical amt. has 
been used <201), and CO, CO2, and CHCI3 are also formed <205).] 

[MgA2.4H20 <189). — CaA2.6H20 <196); CaA2.3>^H.>0, cas. sol. <198). — SrA2.6H20 
<196). — BaA2.6H20 <196); BaA2.2H20 <206). — PeA2.2H20 <207) <206) — CdA2 <208); 
CdA2.1>^H20 <217).-.ZnA2.6H20 <209). — Pbl2.J^H20 <210); PbA2.H20 <83). — 
CUA2.6H2O <83) (could not be confirmed <201) <211)); CUA2.4H2O <211); CUA2.3H2O <201) 
(complexes with benzylamine <212)); CUA2.2H2O (complexes with various amines <213)); 
CuA 2 <201 ) (complexes with various amines <213) <214)), electrolysis <215), electrometric 
titration <216).] 

[MnA2.33/^ H2O <217). — C0A2.4H2O <218) (complexes with various amines <218) <219)); 
CoA 2.33^H20 <217). — NiA2.4H20 <189) <218) (complexes with NH3 <211) and various 
amines <220)).] 

Salts with organic bases. [Amlim irichloroacetatej from C (1 mole) -f- aniline (1 mole) 
in CeHe <223) <224), or without solvent <225), or in aq. <226); this salt has no true m.p. 
<224) although various values ranging from 145° <226) to 163° <225) have been reported. — 
Note that, although action of heat would be expected to cause loss of H2O giving w,w,aj- 
trichloroacetanilide (see below), no actual study has been reported. — Note that C -f 
aniline + Cu powder in CeHe soln. gives dichloroacetic acid (3:6208) (75-85% yield 
<223) cf. <227)). — _Note finally the existence of an acid salt of C with aniline, m.p. 107- 
108° <224), from C (2 moles) with aniline (1 mole). — o-Toluidiiie trtchloroacetcUe; the 
prepn. of this salt, m.p. 167-168° dec. <225), has been claimed <225) but could not be con- 
firmed <224) <228); no other record of it can be found. — p-Toluidine tnchloroa^etaie; the 
prepn. of this salt, m.p. 135° dec. <225), has been claimed <225) but could not be confirmed 
<224) <228); no other record of it can be found. — N -Methylamline trichloroaceiate: m.p. 
97° <228).] 

a-Phenyleihylamine trichloroaceiate: unreported. — Benzylamine trichloroacetate: from 
C + benzylamine in EtOAc, m.p. 118.8-119.8° u.c., 120.3-121.3° cor. <229) (note that this 
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m.p. is practically identical with corresp. l)enzylamine salt of chloroacetic acid (3:1370) 
q.v.). — Piperazine his~(tnchloroaceiate)f m.p. 121.0-121.5° cor. (230). — Semicarhazide 
trichloroacetate: m.p. 154° dec. (231). 

[Phenylhydrazine trichloroacetate- from C with phony Ihydrazine in CeHe, m p. 123° (232). 
(Note that this product is defiiii1.(‘ly the salt since on titration with alk it gives Ncut. Eq, 
204.7 as against a calcd valiu* of 202 6 (232); this salt upon htg. would be expected to lose 
H2O giving trichloroacetoph(*nylhydrazidc, but this product is unrcportcd.)] 

[For salts of C with 0-, m-, and p-pheiiylenediamim's see (233).] 

Behavior of C with Metals 

[C with aq. + Zn wool (102), or C w'ith Cu powder in aq. or CeHe (223) (103) (227), gives 
dichloroacetic acid (3:6208) q v — C in cone. NH4()H dissolves Cu, Zn, or Cd with strong 
evoln. of ht. but does not attack Ag (234) ] 

Esterification of C 

This book includes the following (ish'rs of C under thf'ir own individual numbers, q.v.: 
methyl trichloroacetate (3*5800), ethyl trichloroacetate (3:5950), n-propyl trichloroacetate 
(3:6135), isopropyl trichloroacetate (3:5975), n-butyl trichloroacetate (3:6315), isobutyl 
trichloroacetate (3 : 6140), sec-butyl trichloroacetate (3 : 9372), ter-butyl trichloroacetate (3 : 0138), 
n-amyl trichloroacetate (3:65(i0), isoamyl trichloroacetate (3:6490), ter-amyl trichloroacetate 
(3:6185), trichloro methyl trichloroacetate (3:0290), fi-chloroethyl trichloroacetate (3:6510), 
and 0-methoxyethyl trichloroacetate (3.9250). 

[For studies on esterification of C under various conditions with MeOII (1:6120) (235) 
(236), with Eton (1:6130) (235) (237) (238) (239) (240) (211) (242) (243) (244) (20), with 
n-propyl ale, (1:6150) (245), with isopropyl ale. (1:6135) (245) (246) (238), with n-butyl 
ale. (1:6180) (247) (248), with isobutyl ale. (1 :6165) (247) (248) (83), with sec -butyl ale. 
(1:6155) (247), with icr-butyl ale. (1:6140) (238), wuth n-amyl ale. (1:6205) (248), with 
pentanol-2 (1:6185) (248), with pentanol-^3 (1:6175) (248), with fer-amyl ale. (1:6160) 
(248), with neopentyl ale, (1’5812) (249), with methyl-vuiyl-carbinol (250), with benzyl 
ale. (1:6480) (238) (251), with diphcnylcarbinol (1:5960) (238), with triphenylcarbinol 
(1:5985) (238), see indie, refs 1 

[For study of equilibrium of transestcrification with MoOAc (1:3005) or with EtOAo 
(1:3015) at 30° see (21).] 

Addition Reactions of C with Organic Compounds 

Addition to unsaturated linkages. C in pres, of suitable catalysts adds to unsatd. linkages 
giving the corresp. esters [e g., C with propylene BF3 gives (48.8% yield (246)) isopropyl 
trichloroacetate (3:5975); C with trimethylethylcne (2-methylbutcnc-2) (1:8220) gives 
both fer-amyl trichloroacetate (3:6185) and methyl-isopropyl-carbinyl trichloroacetate 
(for extensive studies of this reaction sec (252) (253) (254) (255) (256) (257) (258) (259) 
(260))1. 

[C with acetylene + HgS04 at 60-80° gives (261) vinyl trichloroacetate [Beil. Hi- (94)], 
b.p. 149° at 760 mm.] 

Addition to epoxy compounds. [C with ethylene oxide (1:6105) in cold gives (28% 
yield (262)) (263) (264) ethylene glycol (mono) trichloroacetate (^-hydroxyethyl tri- 
chloroacetate) (3:9099). — For behavior of C with 3-chloro-l ,2-epoxy propane (epichloro- 
hydrin) (3:5358) see (264).] 
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Conversion of C to Corresporidtng A cid Halides 
[The corresponding trichloroa(!Otyl fluoride is unrcported.] 

[C with POL (266) (268) (269), with I’CL -f ZnCla (25% yield (270)), with SOCI2 
(yield 12% (270), 30% (271)) in CeHe (60% yield (272)) or in pyridine (90% yield (273)), 
with P2O6 + HCl gas (274), with benzotrichloride (3*6540) 4- ZnCL at 100° (77% yield 
(275)), or with benzoyl chloride (3:6240; (51-56% yield (276)) gives trichloroacetyl 
chloride (3:5420). — Note also that C on pyrolysis at 300° decomposes (100) with formn. 
of CO2 + CO2 + trichloroacetyl chloride (3:5420) -f HCl.] 

[C with PBra gives (265) (266) trichloroacetyl bromide, b.p. 143° (266), 139.5-140° 
(265); this product is also obtd. from tricliloroacetyl chloride (3:5420) with HBr gas at 
-5° (70% yield (267)).] 

[C with PI3 (266) (or better trichloroacetyl chloride (3:5420) with HI at —5° (277)) 
gives (71.5% yield (277)) trichloroacetyl iodide, b.p 74 0-71 2° at 30 mm. (277).l 

Converaion of C to Cot rvapomiing Anhydride 

[C with P2OB at 200-215° (278) (279), or NaA with SOoCL (or SO2 + CI2) in EtOAc 
(280), or C with trichloroacetyl (diloride (3*5420) and P(d3 (281), P2O5 (282), or AICI3 
(283) gives (yields. 90-95% (280), 80% (278)) trichloroacetic acid anhydride (3:6575).! 

(g) Color test with NH 4 OH/CU 2 CI 2 reagent. C on shaking in filled stoppered bottle 
with cone. a(i. NII4OH contg Cu2Cl2 gives dark blue color instantly (284); note, how- 
ever, that very similar behavior is shown by dichloroacotic acid (3:6208). 

Methyl trichloroacetate : oil, bp 153° (see 3.. 5800). 

Ethyl trichloroacetate: oil, b p. 167° (.see 3:5950). 

Phenyl trichloroacetate: oil, bp. 254-255° dec. (135). [From trichloroacetyl 

chloride (3:5420) \Mth .sodium phenohite in pet ether (135).] [Note that the isomeric 
4-(tricliloroacet3l)phenol, mp 99 0-99 5° has been prepd. indirectly from trichloro- 
acetonitiile n- phenol + AlOL (285)] 

o-Tolyl trichloroacetate: unn'ported. [Note, however, that the isomeric 4-(tri- 

chl()roacet\l)-2-metIiyli)henol, m p. 90-91°, h;is beiai obtd. indirectly (285).] 

m-Tolyl trichloroacetate: unreported. [Not(‘, hcAvever, that both the isomers, 

viz., 4-(tnchloroac(‘tyl)-3-methylphenol, m p. 8.3-87°, and 6-(tri(!hloroacetyl)-3- 
methyl])hen()l, oil, have been obtd. indirectly (285) ] 

^-Tolyl trichloroacetate: in p 68 69° (285) [Olitd only by indirect means (285). 1 

Benzyl trichloroacetate: oil, b p 178 at .50 mm (28(i), 148-149° at 15 mm. (264), 

/4 = l.ysX7 (28(i>, 1 080). IKiom 0 with benzyl tUc. (1:6480) + 

HCl gas at 100° (2S()), or fiom trichloroacetyl cliloiide (3:5420) with benzyl ale 
(1*6480)1 

/>-Nitrobenzyl trichloroacetate. m p about 80° ef. (287). [Unsuitable as ® (287).J 

Phenacyl trichloroacetate: unn'ported. 

^-Chlorophenacyl trichloroacetate: unreported. 

/>-Bromophenacyl trichloroacetate: iinreportcd. 

^-lodophenacyl trichloroacetate : unreported. 

/i-Phenylphenacyl trichloroacetate: unrejxjrted. 

® S-Benzylthiuronium trichloroacetate: mp 148-149° (288). [Note that for corresp. 
salts from chloroaeetic acid (3:1370) and from diehloroacetic acid (3:6208) m.p. 
values arc respectively 159-160° and 178-179° (288) ] 

® S-(^-Chlorobenzyl)thiuronium trichloroacetate: m.p. 148° cor. (289). [From C 
(as NaA) with N-(p-chlorobenzyl)thiuroniiim chloride (289) (m.p. 197°) in ale. (289); 
note that corresp. deriv. of chloroaeetic acid (3: 1370) has m.p. 158° cor. (289).l 
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(© iS-(p-BrQmobenzyl)thiuronium trichloroacetate: m.p. 146® cor. (290). [From C 
(as Nai) with iS'-(p-bromobenzyl)thiuronium bromide (290) (m.p. 213®) in ale. (290); 
note that corresp, deriv. of chloroacetic acid (3 : 1370) has m.p. 154® cor. (290).] 

® w,o),a,-Trichloroacetamide: mp. 142® (291), 141® (91) (235) (292), 140.5® (293), 137® 
(2^), 136° (300). [From ethyl trichloroacetate (3.5950) with cone. aq. NH 4 OH 
in cold (293) (295) (299) (300), from trichloroacetyl chloiide (3.5420) with dry NH 3 
gas in CeHe (293), from trichloroacetonitrile with alk 11202 (294), and also from other 
sources ] [For studies on taste of this amide see (296) ; note also that trichloroacetamide 
with P 2 O 5 on htg gives (85% yield (297)) tnchloroacetonitnlc, b.p. 83-84® (300).] 

® a),w,w-Trichloroacetanilide: m p. 95-97° (302), 94- 95® (304), 94® (301) (303) (Ji05). 
[From C by conversion to trichloroacetyl chloride (3:5420) and reaction with aniline 
directly (301) or in dry ether (83), CsHe (302), or pyridine (303).] 

£o,w,o>-Trichloroaceto-o-toluidide: m.p. 96° (305). [From ethyl trichloroacetate 

(3:5950) with (305).] 

® CO, CO, w-Trichloroaceto-^-toluidide: m.p. 113® (306). [From C via conversion to 
trichloroacetyl chloride (3:5420) and reaction with /Moluidine (306) ] 

co,co,co-Trichloroacet-iV-benzylamide: mp. 92.8-93.6® u.c. (307), 93 (>-94 4® cor. 

(307), 90-91® (308). [From C by conversion to ethyl trichloroacetate (3*3950) and 
reaction with aq. benzylamino on shaking in cold (307) cf (309); not(;, however, that 
the corresp. dcrivs. from chloroacetic acid (3: 1370) have m p’s of 93 0-93.6® cor. arul 
94.8-95.6® cor., respectively (307); also that simple salt of C with bcnzylarnine has 
m.p. 120;i-121.3® cor. (229).] 
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3:1160 2,8,6-rRICHLOROPHENOL 



CeHaOCla 


Beil. VI - 190 
VIi- 
Vl2-(180) 


M.P. 58" (1) (2) 

55° (4) 

53-64" (5) (6) 


B.P. 262-253° u.c. (5) 
248.5-249.5" (6) 


Ndls. (from ale.) with intense and persistent phenolic odor. — Somewhat sol. in hot 
aq,; volatile with steam. — Eas. sol. ale., ether, Igr , AcOH; sol. hot CeHe but ppts. on 
cooling. 

[For prepn. from 2,3,6-trichloro-4-aminophenol via diazo rcaetn. sec (3).] 

C IS strongly_ acidic; ionization const, at 25" is 7.3 X 10~^ (2); C dissolves in Na 2 C 03 
or NaOH (6); C can be titrated with N /lO alk.; Neut Eq. = 197.5 (1) (4) 

C in AcOH, treated with 1.4 moles Br 2 , poured into aq. yields 4-bromo-2,3,6-trichloro- 
phenol, ndls. from AcOH, m.p. 80" (3). [The methyl ether of this prod has m p. 69-70°; 
the benzoate, m.p. 110° (3).] 

C treated with 1.5 moles Br 2 without solvent yields (3) 4,5-dibromo-2,3,6-trichlorophenol, 
ndls. from dil. AcOH, m.p. 205° (3). [The methyl ether of this prod, has m.p. 130°; the 
benzoate, m.p. 153° (3).] 

C treated with (CH 3 ) 2 S 04 4" 20% KOH at 100° for an hour yields its own methyl ether, 
2,3,6-trichloroanisole, b.p. 227-229° at 756 mm.; pr. from ale., m.p. 45° (3). 

(g) 2,3,6-Trichlorophenyl benzoate: from C -f BzCl + 10% KOH; cryst. from pet. 
ether /Igr., m.p. 92-93° (3); from ale., m.p. 90° (4). 

3:1160 (1) Tiessens, Rec. trav. chim. 60, 113-114 (1931). (2) Tiessens, Rec. trav. chim. 48, 1066- 

1068 (1929). (3) Kohn, Fink, Monatsh. 56, 139-141 (1930). (4) Holleman, Rec. trav. ch%m 39 

742-743 (1920). (5) Lampert, J. prakt. Chem. (2) 33, 376-378 (1886). (6) Hirsch. Ber. 13* 

1908 (1880). 


3:1176 2,3.DICHLOROPHENOL 


M.P. 58" (1) 

56^67° (2) (3) 


OH 




B.P. 206° (1) 


C6H4OCI2 


BeU. VI — 
VIi-(102) 
VI 2 — 


Cryst. (from pet. eth. (3)). — C mixed with 2,5-dichlorophenol (3:1190), m.p. 57", 
depresses m.p. (2). — C is extraordinarily volatile; if dried in vac. this leads to substantial 
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losses; the volatility and intense odor of C differentiate this diclilorophenol from its isom- 
erides (2). — Odor resembles that of o-chlorophenol and iodoform (3). — C is volatile 
with steam (3). 

[For prepn. from 3-amino-2-chlon)phenol via Sandmeyer method see (2) (4); from 2,3- 
dichloroaniline via diazo reaction see (3); from barium 2,3-dichlorophenol-4,&-^ulfonate 
by hydrolysis of sulfomc acid groups with steam (70% yield) see (I).] 

[For data on dissociation constant see (5).] 

C on direct bromination (1) yields 4,6«<hbromo-2,3-dichlorophenol, colorless ndls. 
(rapidly becoming opaque) from AcOH (1), or colorless feathery ndls. from ale. (4), m.p. 
90" (1) (4). [The methyl ether of this product, 4,6-dibromo-2,3-dichloroanisole, long 
necdle-like pr, from ale., has m.p 82" (1).] 

C dislvd. in aq. NaOH and shaken with (€113)2^04 yields <3) the methyl ether, 2,3- 
dichloroanisole, m.p. 31" (3). 

3:1175 ( 1 ) Hodf?son, Kershaw, J. Cheni. Soc. 1930, 1423. (2) Henley, Turner, J. Chem. Soc* 
1930, 940 ( 3 ) Hollemuri, Rec trav. chun. 37, 101 104 (1918) (4) Hodgson, Smith, J. Chem. 
iS’oe. 1931, 2271. (5) Muriuy, Gordon, J. Am. Chem. Soc. 57, 110-111 (1935). 

3:1190 2,6-DICHLOROPHENOL OH C6H4OCI2 

J? 

M.P, 58" (1) (2) (3) (4) B.P. 211" at 744 mm. (1) <4) 

59" <5) 94" at 14 mm. (3) 

Cryst with strong and persistent phenolic odor. — Spar, sol aq., eas. sol. ale., ether, 
CeHe. — Volatile with st(*iim. 

[For prepn. from 2,5-dichIoroaniline [Beil. Xll-h25] via diazo reaction (90% yield (1); 
86% yield (6); 70% yield {5)) see (1) (6) (5) (2); from 1, 2, 4-tri chlorobenzene + NaOCHa 
in MeOH at 180" s(‘e (7) 1 

C in dil. ale. redden.s blue litmus, dec. on boilg. with Na2C03 Gives only faint color 
with FeClj <1). [For study of ionization const see (11).] 

C dislvd. in 3 pts. CHCI3 and shaken with cone. HNO3 gives on cooling CHCI3 80% 
yield of 2,5-dichloro-4-iiitrophenol [Beil. VI-241], colorless ndl.s. from pet ether, m.p. 117" 
(8). [Furtluir nitration yu‘lds 2,.5-dichlorf)-4,G-dinitrophenol, yel. pr , m p. 146" (8).] — 
C htd. with cone. H2SO1 -f- fumg. H2SO4, then nitrated as specified (9), yields 2,5-dichloro- 
6-nitrophenol, volatile with steam, yel pr. from pet. eth , m p. 70° (9). 

C in AcOH treated with 2 moles Br2, poured into aq., gives (100% yield (6)) 2,5-di- 
chloro-4,6-dibromoplienol, ndls. from dil. AcOH, m.p. 100.5° (6), 99-100" (10). [This 
dibromo compd. results also from C in AcOH + NaOAc + f mole Br2 on htg. at 100" (10).] 
[C with Fc -f excess Br2 gives (100% yield (6)) 2,5-dichloro^,4,5-tribromophenol, ndls. 
from AcOH, m.p. 206° (6).] 

C dislvd in KOH and shaken with (CH3)2S04 yields the methyl ether, 2,5-dichloroanisole, 
b.p. 225-227" u.c. at 752 mm. (6), b.p. 140" at 40 mm. (2), m.p. 24" (5) (2). 

(g) 2,6-Dichlorophenyl benzoate: from C + aq. KOH BzCl, ndls. from 96% ale., 
m.p. 69" (6). 

3:1190 ( 1 ) Noolting, Kopp, Ber. 38, 3510 (1905). (2) Holleman, Rec. trav. chim. 37, 101-104 

(1918). ( 3 ) Kohlrausch, Stockmair, Ypsilanti, Monate/t. 67, 90 (1936). (4) Ger. 349,7^, March 

9, 1922; Cent. 1923, IV 45. (5) do Crauw, Rec. trav. chim. 50, 770 (1931). (6) Kohn, Fink, 

Monatsh. 58, 78-83 (1931). (7) Holleman, Rec. trav. chim. 37, 201 (1918). (8) Fries, Ann. 454, 


Beil. VI- 189 
VIi-(103) 
Vl2-(178) 
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247 (1927). (9) Hodgson, Kershaw, J. Chem. Soc. 1929, 2922-2923. (10) Fox. Turner, J. 

Chem. Soc. 1930, 1860. 

(11) Murray, Gordon, J. Am. Chem. Soc. 57. 110-111 (1935). 


3:1200 2,4,6-TRICHLOROBENZALDEHYDE Cl C 7 H 3 OCI 3 

Cl<( ^CHO 

Cl 


M.P. 58-59° (1) (2) 


Beil. Vn -238 

vni— 


Cryst. from Igr. 

[For prepn. of C from 2,4,6-trichlorobenzal (di)chloride (3:0142) by hydrolysis with 
fumg. H 2 SO 4 (94% yield) sec ( 1 ), for prepn. of C from 4 -amiiio- 2 , 6 -dichIorobenzaldehyde 
by diazotization and use of CU 2 CI 2 rcar*tion see (I).] 

[C on oxidri. with KMn 04 should yield 2,4,6-trichlorobcnzoic acid (3:4545), m.p. 164°, 
but this reaction is not actually reported m the literature.] 

C with 50% aq. KOH or 50% aq NaOIT at 100 ° undergoes cleavage of the aldehyde 
group giving (yields: 89% and 74% respectively) l,3,r)-trichlorobenzcne (3:1400), m.p. 
63°, accompanied by the corresp potassium formate ( 1 ) 

[C with McMgl in dry ether, followed by usual hydrolysis, gives (93% yield (3)) methyl- 
2, 4, 6 -trichlorophenyl-carbinol, ndls. from Igr., m p. 76.5°, b.p. 158-163° cor. at 17 mm.] 

2,4,6-Trichlorobenzaldoxime: unreported. 

2,4,6-Trichlorobenzaldehyde phenylhydrazone : unn'iiortecl. 

2,4,6-Trichlorobenzaldehyde /i-nitrophenylhydrazone : unreported. 

2,4,6-Trichlorobenzaldehyde 2,4-dinitrophenylhydrazone : unreported. 

3:1200(1) Lock, Ber 60,1532(1933). (2)Geigy&Co Ger. 199,943, .July 4. 1908; CenMOOS, II 
363-364, [C.A. 2, 3000 (1908)]. (3) Lock, Bock, Btr. 70, 924 (1937). 


3:1205 2,4-DICHLORO-3-METHYLPHENOL OH C 7 H 6 OCI 2 
(2,4-Dichloro-?n-cresol. ) 



M.P. 58-59° ( 1 ) 
58° (2) 


B.P. 235-236° at 746 mm. ( 2 ) 
234° (1) 

75-80° at 4 mm. (1) 


Beil. VI — 
VIi— 
Vl2-(356) 


Note that the products of m.p. 44° (3), 45° (4), and 40° (.^) formerly supposed to have 
been C are now regarded (1) as 2,4,6-trichloro-3-methylphenol (3:0618). 

[For prepn. of 0 from 2-chloro-3-methylphcnol (3.1055) or from 4-chloro-3-methyl- 
phenol (3:1535) in cold CHCI3 with CI2 see (1), from 3-methylphonol (m-cresol) (1 : 1730) 
in CHCI3 with 2 moles CI2 (other isomers arc also formed) siic (1); from 3-mcthylphenol- 
sulfonic acid-4 (2) in nitrobenzene solution with CI2 (other products are also formed) see 
(2)J 

C in CHCI 3 gives with CI 2 (1 mole) aim. quant, yield (1) 2,4,6-triohloro-3-methylphenol 
(3:^0618), m.p. 46° (1). 

C in CHCI 3 gives with Br 2 (1 mole) ( 1 ) 2,4-dichloro-6-bromo-3-mcthylphenoI, m.p. 
58-59° (1). 

2,4-dichloro-3-methylphenyl benzoate: fine plates from ale., m.p. 78-78.5° (1) 
[From C with BzCl in pyridine ( 1 ).] 
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® 2,4-Dichloro-3-methylphenyl benzenestdfonate: fine ndl.-like pi. from ale., m.p. 
69.5° (1). (P'rom C with benzenesulfonyl chloride in pyridine (l).l [Note the prox- 
imity of the m.p. of this deriv. to that of the corresp. deriv. of 2,6-dichloro^methyl- 
phenol (3:0618).] 

(p 2,4-Dichloro-3-methylphenyl ^-toluenesulf onate : shiny pi. from ale., m.p. 100-101° 
(1). [From C with p-toluenesulfonyl chloride in pyridine (1).] 

3:1205 (1) Huston, Chen, J. Am Chem Soc. 55, 4216- 4218 (1933). (2) Huston, Neely, J. Am 

Chem. Soc. 57, 2178 (1935). (3) Tanaka, Morekawa, Sakamoto, J. Chem. Soc. Japan 51 , 275- 

277 (1930); C.A 26, 706-707 (1932), <4> Datta, Mitter, /. Am. Chem. Soc. 41 , 2033 (1919). 

(5) Claus, Schweitzer, Ber. 19 , 930 (1886). 

3:1212 PHENACYL CHLORIDE C~CH 2 CsHtOCI Beil. VH - 282 

(a-Chloroacetophenono, U 1 Vni-(151) 

co-(;liloroacctophenone, ^ 

chloromethyl phenyl ketone) 


[60® 

<1)1 

B.P. 244-245° 

U.C. (6) 

59° 

(2) 

244° 

(37) 

58-59° 

(3) (4) (5) (6) 

241-242° 

(36) 

58.8° 

(7) 

140° 

at 16 mm. (1) 

58.5° 

(8) 

139-141° 

at 14 mm. (3) 

57-58° 

(9) (71) 

120.0-120.2° 

at 10 mm. (12) 

57° 

(10) (11) 

120-125° 

at 4 mm. (15) 

56.5-56.8° 

(12) 


56.5° 

(13) (14) 



56-57° 

(IS) (64) 



56° 

(10) (36) 



55-55.5° 

(17) 



55° 

(37) 



54.5° 

(18) (154) 



54° 

(31) 




Colorless this, from dil. ale. or Igr. — Vapors of C are very strongly lachrymatory (see 
also below). — C is insol. aq. but volatile with steam; C is eas sol. ale., ether, or CeHe. 

[For study of soly. of C in EtOH, Celle, CCI 4 , or aijctophenone over range —23.5° to 
53.5° see <19): note that C with CeHe (1'74(K)) gives (19) a eutectic, m.p. —1.6°, contg. 
76 wt. % C; C with acetophenone (1:5515) gives a eutectio, m.p. +5.9°, contg. 70 wt. % 
C (19).] 

USES OF C 

In addn. to its uses as a chem. intermediate, C because of its irritant and lachrymatory 
properties has been much studied as a chemical warfare agent and tear gas under the 
arbitrary designation “ CN.’* 

[For general surveys from this viewpoint see (20) (21). — C is sol. in many org. solvents 
and is frequently loaded into grenades and shells in such solutions of which three common 
examples are “ CNB (consisting of C + CeHe + CCI4), “ CND (consisting of C + 
ethylene dichloride (3:5130)), and “ CNS ” (consisting of C + CHCI3 + nitrochloroform 
— chloropicrin). — For examples of patents on these and other types of tear-gas cartridges 
and munitions contg. C see (23) (24) (25) (26) (27); for use of C as insecticide see (28).] 

[For dispensing apparatus for C (29) or for mill for disintegration of C (30) see indie, 
lefs.] 
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[For m.p. /compn. diagram of system C + “ Adamsite ( 10 -chloro- 9 , 10 -dihydrophenars- 
azine), eutectic, m.p. 50°, contg. 90 mole % C, see (31).] 

[For studies of effect of C on skin see <32) (33) (34); for contamination of food by C see 
(35).] 

PREPARATION OF C 

From chloroacetyl chloride with benzene. [For prepn. of C from chloroacetyl chloride 
(3:5235) with CeHe + AICI 3 (yield 85-^% (15) (64)) (2) (14) (36) (71) see indie, refs.) 

From acetophenone. [For prepn. of C from acetophenone (1:5515) with CI 2 in AcOH 
( 4 ) (18), in CS 2 (85% yield (37)), in Igr. (38) or directly without solvent (yields 65% ( 6 ) 
( 37 )) ( 39 ) see indie, refs.; from acetophenone (1:5515) by electrolysis of its soln. in HCl 
(40), or by chlorination with aq. iV^-chlorourea (41), see indie, refs.] 

From benzoyl chloride with diazomethane. [For formn. of C from benzoyl chloride 
(3 : 6240) with diazomethane in ether (72% yield) see (3); note, however, that this procedure 
has subsequently been much disputed, and for discussion see also (42) (43) (44) (45) (46) 
(47) (48).] 

From miscellaneous sources. [For prepn. of C from iV-(a,/ 3 -dichloro vinyl )diethylamine 
(yield 92.6% (49)), from chloroacetonitrile (50), or for possible formn. from chloroacetic 
acid (3 : 1370) (51 ), aJ* with CeHsMgBr, see indie, refs.; for formn. of C from phenyl copper 
(52), from phenyldichloroarsine (yields: 58.5% (53), 55% (54)) (55), all with chloroacetyl 
chloride (3 : 5235), see indie, refs.; for formn. of C from l-chloro- 2 -phcnylpropanol -2 (styrene 
chlorohydrin) (3:9570) by oxidn. with K 2 Cr 207 /H 2 SO 4 ( 1 ) or from diphonacyltelluride 
dichloridc by oxidn with KMn 04 (5) see indie, refs ; for formn. of C from benzalacetophe- 
none (ohalcone) (1:5155) by actn. of CI 2 in fer-butyl ale. (other prods, are also formed) 
see (17).] 

CHEMICAL BEHAVIOR OF C 
Reduction 

No authentic studies on reduction of C appear to be reported. 

Oxidation 

C on oxidn. with CrOg (39), or K 2 Cr 207 + H 2 SO 4 (58) (13) gives benzoic acid (1:0715). 
— C also reduces NH 4 ()H /AgNOa (13) [perhaps because of some hydrolysis to w-hydroxy- 
acetophenone (1:5180)]. 

Halogenation 

Chlorination. [C on further chlorination under conditions favoring side-chain substitu- 
tion would be expected to yield «,«-diGhloroacetophenone (3:6835) and ultimately to,co,w- 
trichloroacetophenone (3 : 6874), but no authentic record that this has actually been achieved 
can be found.] 

Bromination. [C with Br 2 under suitable conditions gives (56) co-bromo-co-chloroaceto- 
phenone, m.p. 37-37.5°, b.p. 133-1.34° at 7.5 mm. (56). — C in AcOH + NaOAc with 
Br 2 as directed (57) gives a mixt. consisting of 30% co,co-dibromo-cu-chloroacetophenone 
H- 70% co,«,<o-tribromoacetophenone.] 

Nitration. C in cone. H 2 SO 4 at —20° treated as directed (9) with a mixt. of fumg. 
HNO 3 (D = 1.50) -f- cone. H 2 SO 4 gives (77% yield (9)) w-nitrophenacyl chloride, m.p, 
103° (59), 102-103° (16), 100.5-102° (9). — [Note that the other two isomeric mononitro- 
phenacyl chlorides, viz., o-nitrophenacyl chloride, m.p. 66-67° (60) (61), and p-nitrophenacyl 
chloride, m.p. 107° (62), are also known, but prepd. indirectly; note also that no dinitration 
prods, of C are known.] 
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Behavior op C with Other Inorganic Reactants 

With water. [C does not readily hydrolyze with aq. but on protracted boilg. (e.g., 20 
hrs. (63)) with a large vol. of aq. gives co-hydroxyacetophenone (1:5180).] 

With nitrous acid. C with HNO2 (from w-butyl nitrite -f HCl gas) in dry ether gives 
(yields: 85.6% (64), 82-86% (15)) 0i>-chloro-<«^-isonitrosoacetophenone (phenylglyoxylo- 
hydroxamyl chloride) [Beil. X-662, Xi-(315)], white ndls. from CCI4 (64) or from CCI4 + 
CeHe (3:1) (15), m.p. 132-133° (15) (64). 

With PCU. [C with PCI5 on distn. gives (65) a,/3-dichlorovinylbenzene (a,/3-dichloro- 
styrene) [Beil. V-477, V2-(367)], b.p. 221°.]^ 

With various salts of inorganic acids. [C with KI (66) (67) or better Nal (38) in ale. 
gives «-iodoacetophenone (phenacyl iodide) [Beil. VII-286], m.p. 30°; for study of rate of 
reactn. of C with KI in acetone at 0° (U) or with Nal or Lil in acetone at 0° or — 10° (10) 
see indie, refs.] 

C does not add NaHSOa (37). — C in ale. with Na2S203 (2 moles) in aq. refluxed 20 hrs. 
gives sodium phenacylthiosulfate which with HCl gives (73% yield (69)) w-mercaptoaceto- 
phenone (phenacyl mercaptan), — C with Na2S in ale. at 60° gives (70) diphenacyl sulfide 
[Beil. VIII-94, VIIIx-(541)], m.p. 76.5-77.2° (70), 76° (147); for use of this reactn. in detn. 
of C see (14). 

With ammonia. [C with NH3 (1 mole) would be expected to give w-aminoacetophenone 
(phenacylamine) [Beil. XIV-'IO, XIVi-(368)], but such direct result has never been re- 
ported; note, however, that C (1 mole) with hexamethylenetetramine (1 mole) in CHCI3 
at room temp, for 12 hrs. gives (60% yield (68)) a 1:1 addn. cpd., m.p. 145°, wliich upon 
alcoholysis with cone. HCl in ale. 3 days in cold give.s (63-74% yield (68)) phenacylamine 
hydrochloride. 

[C with ale. NH3 in s.t. at 100° as directed (2) gives a mixt. contg. diphenacylamine 
hydrochloride [Beil. XIV-53, XIVi-(371)], m.p. 23.5°, together with the hydrochlorides of 
2,5-diphenylpyrazine and 2,6-diphenylpyrazine; for discussion of mechanism see (2).] 


Behavior op C with Organic Reactants 
With Hydrocarbons (-f AlCh) 

C with CeHe + AICI3 in s.t. at 100° failed to react (71). — C with toluene (1 : 7405) 4* 
AICI3 under reflux gives (71) a prod., m.p. 84-85°, which is presumably to-(p-tolyl) aceto- 
phenone [Beil. VII-448], although this prod. obtd. by other methods has different consts. 


With Organic Hydroxy (or Mercapto) Compounds 

With alcohols. [C with NaOMe might be expected to yield w-methoxyacetophenone, 
b.p. 228-230° at 760 mm. (72) (73), b.p. 118-120° at 15 mm. (72) (73), m.p. 7-7.5° (73) 
(corresp. semicarbazone, m.p. 85° (72), 129° (73) (note disagreement); corresp. 2,4-dinitro- 
phenylhydrazone, m.p. 191-192° (73)); note, however, that no record of this reaction has 
been reported and the co-methoxyacetophenone is best prepd. (71-78% yield (74)) from 
methoxyacetonitrile with CeHsMgBr; note also that C with alk. reagts. such as NaOMe 
reacts in an unexpectedly complex manner yielding (153) cyclic “ halogen-diphenacyls.*'] 

[C with NaOEt would be expected to yield «-ethoxyacetophenone [Beil. VIII-90], b.p. 
134-136° at 21 mm. (75), 130° at 15 mm. (76), 120-122° at 15 mm. (77), Of = 1.0552 (77), 
an = 1.5250 (77) (corresp. oxime, m.p. 55° (75); corresp. semicarbazone, m.p. 128° (75)); 
note, however, that no record of this reactn. has been reported and the co-ethoxyaceto- 
phenone is best prepd. (68% yield (77)) cf. (75) (76) from ethoxyacetonitrile with 
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C6H5MgBr; note also that'^C with alk. reagts. such as NaOEt reacts in an unexpectedly 
complex manner 3rielding <153) cyclic “ halogen diphenacyls.” 

[C (1 mole) with ethylene glycol (1 : 6465) (1 mole) in CeHe contg. trace of benzenesul- 
fonic acid gives on htg (95% yield {81» the corresp. cyclic ketal, viz., 2-(chloromethyl)-2- 
phenyl-l,3-dioxolane, m p. 67°, b.p. 144-146° at 15 mm. (81).] 

With phenols. [C with dry sodium phenolate (78) gives w-phenoxyacetophenone [Beil. 
VIII-91J, m.p. 74° cor. (79), b.p. 255-257° (78), 187° cor. at 9 mm. (79) (corresp. semi- 
carbazone, m.p. 187.0-187.5° cor. (79)); note, however, that this prod, is best prepd. (45% 
yield (79)) from phcnoxyacetonitrile with CeHsMgBr, or from phenoxyacetyl chloride 
+ CeHe + AICI3 of. (80).] 

With mercaptans. [C with n-BuSH in ale. NaOH gives (82) phenacyl n-butyl sulfide, 
b.p^l40° at 3 mm.. Dll = 1-0589, nS = 1.5050.] 

[C with sodium /i-nitrothiophenate in aq. ale. on htg. gives (98% yield (83)) phenacyl 
p-nitrophenyl sulfide, ycl. pi. from 50-80% AcOH, m.p. 118°. — C (1 mole) with sodium 
p-thiocresolate (1 mole) in MeOH boiled several hrs. does not give the expected phenacyl 
p-tolyl sulfide, m.p 37° cf. (101); distillation of the reaction prod, gives (58 5% yield (84)) 
phenacyl yj-tolyl sulfoxide, b p. 182-184° at 5 mm., m.p. 46° accompanied by acetophenone; 
note that with H2O2 this sulfoxide oxidizes to phenacyl 71-tolyl sulfonc, m.p. 110° (see also 
below).] 

Behavior with Carbonyl Compounds 

With aromatic aldehydes. [C (I mole) with benzaldehyde (1}4 moles) in ale. with ale, 
NaOEt (1 mole) in cold condenses with loss of HCl giving (80% yield (85)) a-benzoyl-a'- 
phenyl-ethylene oxide (benzalacctophcnone oxide) [Beil. XVIIi-tl96)l, colorless cryst. 
from ale. (85) or from cold acetone by addn. of pot. ether (86), m p. 89-90° (85) (86); note 
that this prod, can also bo obtd. in other ways, notabl}'^ from benzalacctophcnone (chalcone) 
(1:5155) with Na202 4- HCl in cold (85% yield (86)) or with H2O2 111 alk. soln. (90% 
yield (88)) (87) (89); although cis and tra?is stereoisomers are possible, only one form is 
known.] 

[C with o-nitrobenzaldehyde in ale. NaOEt (although this particular pair has not actually 
been reported) should yield similarly a-bcnzoyl-a'-(o-nitrophenyl)ethylenc oxide [Beil. 
XVIIi-(197)] since phenacyl bromide behaves (90) in this fashion; note that for this prod, 
the two expected geom. stereoisomers are both formed, one with m.p. 175°, the other with 
m.p. 110°.] 

[C with m-nitrobenzaldehyde ir ale. NaOEt (although this particular pair has not 
actually been reported) should give similarly a-benzoyl-of'-(m-nitrophenyl)ethylene oxide 
[Beil. XVIIi-(197)] since phenacyl bromide behaves in this manner (80% yield (91)); 
one stereoisomer is known, m.p. 118° (91). — Note, however, that C (1 mole) with m- 
nitrobenzaldehyde (1 mole) in AcOH satd. with HCl gas and stood 24 hrs. reacts differently 
gpving (92) m-nitrobenzalacetophcnone dichloride [Beil. VIli-(238)], m.p. 148°.] 

[C (1 mole) with p-methoxybenzaldehyde (anisaldchyde) (1:0240) (1 mole) in ale. 
NaOEt gives (93) a-benzoyl-ar'-(p-methoxyphenyl)ethylene oxide, m p. 87° (93) (89); also 
obtd. from p-methoxybenzalacetophenone (1:9011) with alk. H2O2 (89).] 

[C (1 mole) -f o-nitrobenzalacetophenone (1 mole) in acetone /dioxane with ale. NaOEt 
(1 mole) gives in 15 min. but yield not stated (93) l,2-dibenzoyl-3-(o-nitrophenyl)cyclo- 
propane, m.p. 177° (93).] 


Behavior of G with Solis of Organic Adds 

C with salts of organic acids gives in general the corresp. phenacyl esters although when 
the latter are to be prepd. as means of identification of the acids the more reactive phenacyl 
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bromide is usually employed; for m.p/s of the phenacyl esters of various acids of Order I 
see Vol. I, p. 650. 

[C with KCN in dil. ale. on htg. gives (47% yield <94)) w-cyanoacetophenone (benzoyl- 
acetonitrile) [Beil. X-680, Xi-(3‘22)], m.p. 83° (94), 80-81® (95) (96); this prod, may also 
be prepd. by other means, e.g., from phenacyl bromide with dil. ale. KCN (60% yield 
(97)), or from ethyl benzoate with acetonitrile 4* NaOEt (yields: 60% (96), 56% (95)).] 
[C with KSCN in McOH (98) or EtOH (65) gives o-thiocyanoacetophenone (phenacyl 
thiocyanate) [Beil. VIII-94], m.p. 74.1-76.6° cor. (98), 74° (99).] 

[C with sodium p-toluenesulfinate in boilg. ale. gives (100) cf. (101) phenacyl p-tolyl 
sulfone («-( 7 )-toluenesulfonyl)acetophenonc), m.p. 110° (100) (see also above for formn. 
of this prod, from C + sodium thio-p-cresolate).] 


Behavior of C with RMgX Compounds 

[C (1 mole) with EtMgBr (I mole) in dry ether gives an addn. prod, which after evapn. 
of ether, htg. at 130-140°, and liydrolysis gives (yield not stated (102)) benzyl ethyl ketone 
(l-phenylbutanone-2) [Beil VIl-314, VIIi-(167)l, h.p. 222-227° (103), 221-223° (102), 
110° at 13 mm. (104) (corresp. semictarbazone, m.p 156-156.5° cor. (105), 150-153° (103), 
153° (106), /3-form 152°, ce-form 146° (104), 146° (102); corresp. 2,4-dinitrophcnylhydrazone, 
m.p. 140-141° (103)); not rearr. in formn of this prod, by this method.] 

[C with w-hexyn-l-yl MgBr in dry ether adds normally and on hydrolysis gives (107) 
the expected l-cliloro-2-phenylnonyn4i-ol-2.| 


Behavior of C unth Amines 

With primary aliphatic amines. [C (1 mole) with MeNII-i (2.5 moles) in ale. for 5-6 
hrs. in cold gives (108) w-(raethylamino)acetophei»one [Beil. XlV-50, XIVi-(369)] (cor- 
resp. S.HCl (23% yield (108)), m.p. 219° (108)). — C with n-BuNH 2 similarly gives 
(35% yield (108)) w-(n-butylamino)acetophenone hydrochloride, m.p. 214-215° (108).] 

[C with /i-aminoethanol (ethanolaminc) readily gives (109) N- (/3-hydroxy ethyl )phenacyl- 
amine, m.p. 144° (109).] 

With primary aromatic amines. [C with aniline should yield iV-(phenacyl)aniline 
[Beil. XIV-51, XIVi-(369)], m.p. 98-99° (110) (oorrc.sp. oxime, m.p. 105-106° (111); 
corresp. semicarbazone, m.p. 171° (110)); however, although the rate of this reaction in 
abs. ale. at 40° (38) and in 90% ale. at 30.5° (16) cf. (112) has been studied, the usual 
method of prepn. of JV'-(phenacyl)aniline is from phenacyl bromide -f aniline. — Pure 
N- (phenacyl )aniline, contrary to earlier statements, is remarkably stable and can be 
exposed to air at room temp, for 18 months or distilled under reduced press, (b.p. 208- 
210° at 12 mm.) without change (113); for important study of mechanism of conversion of 
N- (phenacyl) aniline to 2-phcnylindole see (113) (114).] 

[The behavior of C with the three toluidines has not itself been studied but should be 
similar to that of phenacyl bromide which with o-toluidinc gives (115) (1 16) N- (phenacyl )o- 
toluidine [Beil. XlV-52, XIVi-(370)], m.p. 91° (116), 89° (115) (corresp. oxime, m.p. 92° 
(116)); with m-toluidine gives iV'- (phenacyl )-m-toluidine, m.p. 110° (117); with p-toluidine 
gives Ar-(phenacyl)-p-toluidine [Beil. XIV-52, XIVi-(370)], m.p. 134° (118), 127° (115) 
(corresp. oxime in two geom. stereoisomers of m.p. 97° and 92°, resp. (111)).] 

With secondary aliphatic amines. [C with Me 2 NH should yield <o-(dimcthylamino)- 
acetophenone (phenacyl dimethylamine) [Beil. XIV-50], b.p. 126-128° at 18 mm. (119), 
122-123° at 14 mm. (120) (corresp. B.HCl, m.p. 174° (120), corresp. fi.HBr, m.p. 184- 
186° (121), corresp. S.PkOH, m.p. 150° (119), 143° (122), 141° (123)); note, however. 
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that this particular combination of reactants has not actually been reported and that the 
a)-(dimethylamino)acetophenone is usually obtd. from phenacyl bromide with Me 2 NH 

(119) (121), or from dimethylaminoacet-iV,iNr-dimethylamide with CeHaMgBr (80% yield 

(120) (126)).J 

[C (1 mole) with Et 2 NH (2 moles) in CeHe stood 2 days at room temp. ppts. Et 2 NH.HCl 
and gives (65% yield (125)) «}-(diethylamino)acetophenone, b.p. 148-152° at 30 mm. 
(125), wf? = 1.5180 (125).] 

[C + 5i5-(/3-hydroxyethyl)amine (diethanolamine) in CeHe on long boilg. gives (109) 
iV-phenacyl-iV',i\r-6i5-(/3-hydroxyethyl)amine, m.p. 44° (109).] 

With secondary heterocyclic amines. [C with piperidine in dry ether splits out HCl 
and yields (126) w-(piperidino)acetophenone (^-(phenacyl) piperidine) [Beil. XX-42], 
b.p. 180-181° cor. at 26 mm. (127), 157° at 15 mm. (128), 163-164° at 13 mm. (126), - 

l. 0430 (126), = 1.5408 (126) (corresp. B.HCl, mp 226-227° (129), corresp. B.HBr, 

m. p. 227-228° (135), corresp. oxime, m.p. 112-115° (130)).] 

[C with morpholine in dry ether ppts. morpholine HCl and yields (131) a>-(morpholino)- 
acetophenone (AT- (phenacyl )morpholine), m.p. 50-52° (132) (corresp. B.HCl, m.p. 222- 
223° cor. (133), 219-223° (134), 213-214° dec. (131), 212-214° (132); corresp. B.PkOH, 
m.p_. 156-157° (132)).] 

[C (1 mole) with AT'-phenylpiperazine (2 moles) in dry ether at room temp, for several 
hrs. (136) or C (1 mole) with iV'-phenylpiperazine (1 mole) + slight excess anhydr. Na 2 C 03 
in ale. refluxed 14, hr. (136) gives 80-85% yield A^-phenacyl-A^'-phenylpiperazine, m.p. 
106-108° cor. (136) (corresp. B.HCl, m.p. 210-212° cor.; corresp. oxime, m.p. 157-158° 
cor. (136)).] 

[Note, however, that C with 3-carbethoxy-2-methylpyrrole -f AICI 3 in CS 2 does not 
acylate the nitrogen but gives Friedel-Crafts type reaction yielding (137) 3-carbethoxy-2- 
methyl-5-phenacylpyTrole, m.p. 205°.] 

With tertiary aliphatic amines. [Direct addn. of C to MesN appears not to have been 
reported; the quaternary salt to be expected, viz , phenacyl-trimethyl-ammonium chloride, 
m.p. 204° dec. (138), 202° (121), has been prepd. indirectly.] 

With tertiary aromatic amines. [The quaternary salt, viz., dimethyl-phenyl-phenaoyl- 
ammonium chloride, to be expected from C + dimethylaniline is unreported.] 

With. tertiary heterocyclic amines. (See also below under (g)'s.) 

[C (1 mole) with pyridine (1+ moles) in dry CeHe on warming gives (25% yield (139)) 
phenacyl-pyridinium chloride, m p. 109-110° (139), 113° (140); note that this prod, with 
aq. 20% NaOH at room temp, undergoes cleavage giving (96% yield (141)) benzoic acid 
(1:0715) and (30% yield (141)) i\r-methylpyridone-2 [Beil. XXI-268, XXIi-(278)l, b.p. 
127° at 12 mm. (141). — For study of rate of addn. of C to pyridine in ale. soln. at 55.6° 
(142) or in 90% ale. at 30.5° (16) cf. (112) see indie, refs.] 


Behavior of C with Arylhydrazines 

(See also below under (g>*s.) — C with many arylhydrazines does not yield the corresp. 
arylhydrazones because the reaction takes a different course. 

C (2 g.) with phenylhydrazine (1.4 g.) in warm EtOH (20 ml.) contg. Na0Ac.3H20 
in aq. (10 ml.) ppts. (14) a yellow solid, m.p. 137° dec. (14), regarded as 1,3-diphenyl- 
(l,2-diazacyclobutene-2). — Similarly, C with o-tolylhydrazine gives (14) l-(o-tolyl)-3- 
phenyl-(l,2-diazacyclobutene-2), m.p. 147.2° (14); C with p-tolylhydrazine gives (14) 
l-(p-tolyl)-3-phenyl-(l,2-diazacyclobutene-2), m.p. 159.8° dec. (14); C with p-nitrophenyl- 
hydrazine gives (14) l-(p-nitrophenyl)-3-phenyl-(l,2-diazacyclobutene-2), m.p. 173° dec. 
(14). — [For further discussion of structures of these prods, see also (143).l 
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Behaoior of C with Other MisceUaneoua NUrogeneoua Reactants 

C with diazomethane in dry ether + MeOH for 12 hrs. gives (88% yield (144)) 3-ehloro- 
2 -phenyl-l. 2 -epoxypropane (aHjhloromethyl-<*-phenyl-ethylene oxide), b.p. 135-137® at 
17 mm. (144).] 

® Chloromethyl phenyl ketoxime: cryst. from CS 2 , m.p. 88.5-89® (4), 88-89® (17). 
[From C (1 mole) -f hydroxylamine hydrochloride (3 moles) in dil. MeOH stood 
overnight, prod. pptd. by addn. of aq. (4); note that this oxime on Beckmann rearr. 
with PCI 5 gives (4) co-chloroacetanilide, m.p. 134.5° (5).] 

® Chloromethyl phenyl ketone 2,4-dimteophenylhydrazone: orange cryst., m.p. 212® 
cor. (145). [See above for behavior of C with various other arylhydrazines.] 

® Chloromethyl phenyl ketone semicarbazone: m.p. 160® on “ Maquenne bloc ” (1), 
156® (146), 149° (147). [From C (3.1 g.) in ale. (25 ml.) with semicarbazide hydro- 
chloride ( 2.2 g.) in aq. (12.5 ml.) at 40° on addn. of NallCOs (1.7 g.) in small in- 
crements; yield 71% (147); for study of chem. behavior of this prod, see (147).] 

Af-(Phenacyl)phthalimide (<o-phthalimidoacetophenone) [Beil. XXI-479]: m.p. 

167° u.c. (148), 166° (149). [This prod, has never been reported from C + K phthaU- 
mide but has been prepd. indirectly. However, for its prepn. from phenacyl bromide 
with K phthalimide see (150).] 

.Af- (Phenacyl )tetrachlorophthalimide (<o-(tetrachlorophthalimido)acetophenone): 

pi. from CHCI 3 on pouring into MeOH, m.p. 258-259° (151). [From C (?) or phenacyl 
bromide with K tetrachlorophthalimide (151).] 

® Condensation prod, from C with N-methyl-/3-(carbohydrazido)pyridinium p-toluene- 
sulfonate: cryst. from EtOH /ether 1:1, m.p. 120° cor. (152). [From C + the quat. 
salt of nicotinic, acid hydrazide with methyl p-toluenesulfonate (152)J 
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3 : 1220 l,2,3,4,6,6-HEXACHLOROHEXENE-3 CeHeCle 

Cl Cl Cl Cl Cl Cl 

-in* 

i A 


BeU. S.N. 11 


M.P. 58-59° (1) 


B.P. 110 - 112 ° at 2 mm. ( 1 ) 


Colorless cryst. from pet. ether. 

[For prepn. from hexadiene-2,5-yne-3 (divinylacetyleno) (2) with excess CI2 in CCI4 
for 12 hrs. (10% yield (1)) see (1) ] 

C fails to react with CI 2 even at elevated temperatures in light, and is unaffected by hot 
HNO 3 or by O 3 ; alk. KMn 04 causes complete decomposition (1). 

3:1220 (1) Coffman, Carothers, J. Am. Chem. Soc. 55, 2040-2047 (1933). (2) Nieuwland, 

Calcott, Downing, Carter, J. Am. Chem. Soc. 53, 4200-4202 (1931). 


3 : 1265 l,l,l,2,3-PENTACHLORO-2- 
METHYLPROPANE 


M.P. 59.5° ( 1 ) 


CII3 

CICH*— C-CCI 3 

A, 


C4H6CI5 


Beil. S.N. 10 


[For prepn. of C from l,l,3-trichloro-2-methylpropene-l (3:5025) with Cl, see (1).) 


3:126S (1) Jacob. Bull. soc. chim. (5) 7, 581-586 (1940). 
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3:1370 CHLORAL HYDRATE CLC—CH—OH C2H8O2CI8 

in 


BeU. I - 619 

11- (339) 

12- (680) 


M.P. 59-60^ {1) (2) 

67" (3) (4) (5) 

64" (6) 

61.6-61.7° (7) 

61.4° (8) 

60.8" (9) 

60.4- 50.6° <10) 

60-51" (11) 

48.1° (17) 

47.4° (6) 

46.5- 47.5° (10) 

46-47° (12) 

46" (13) ^ 

[See also anhydrous chloral (3:5210) and chloral ethylalcoholate (3:0860) ] 

The m.p. of C is profoundly affected by mode of heating and by pressure (1) (2) but 


when taken in test tube in ord. m.p. apparatus is claimed to be consistently 59-60° (2). — 
[For especially extensive studies on the m p. of C see (1) (2) (6) (10) ] 

C undergoes a transition point at 32° detectable by dilatometric methods (15). Further- 
more, C on heating dissociates into anhydrous chloral and H2O; the temperature at which 


dissocn. b^ns is unknown, but dissocn. is complete at 78° (15). 

Ordinaf^||||.^efinitely the monohydrate, but other hydrates of chloral (3:5210) have 
been claimea(6). However, the suggestion (16) that C may exist in two modifications 
appears to be discredited (6) (10). 

[For study of crystal structure of C see (18); for density and refractive index of various 
solns. of C in aq., EtOH, or toluene see (12); for study of toxicity of C see (19) ] 

Note that C on htg. does not give inflammable vapor (diff. from chloral ethylalcoholate 


(3; 0860). 

C is eas. sol. in aq. or ale.; much less sol. in CHCI3 or toluene. [E.g., 1 pt. aq. dissolves 
following parts C at indie, temps.: at 0°, 2.4; at 5°, 2.9; at 10°, 3.8; at 15°, 4.9; at 20°, 6.6; 
at 25°, 8.3; at 30°, 10.1; at 35°, 12.1 ; at 40", 14.3 pts. C (20).] — Aq. solns. of C are fre- 
quently designated as chloral sirup; for study of stability of such solns. see (21). 


CHEMICAL BEHAVIOR OF C 

Important note. The chemistry of chloral hydrate (C) on one hand and that of an- 
hydrous chloral (3:5210) on the other is so closely interwoven that the division of material 
between them in this book is necessarily arbitrary. Most of the definite chemical reactions 
of chloral hydrate have been associated with the text of anhydrous chloral (3:5210), 
which should always be consulted. Certain methods for the detection and for determina- 
tion of chloral and chloral hydrate, however, are brought together here under the latter. 

Determination op C 

For the quantitative detn. of C several different principles have been employed as further 
explained below. 

By behavior with alkali. This method is based upon the fact that C with aq. alkali 
undergoes hydrolytic cleavage to CHCI3 (3:5050) and formic acid (1:1005); since the 
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latter is neutralized 1 equivalent of alkali is used up for each mole of formic acid produced 
and therefore for each mole of C originally present. Since on the one hand the CHCI3 
produced is readily volatile and since on the other it is itself attacked by the excess alkali, 
some standardization of conditions is required. The process usually involves use of a 
known amount (excess) of standard alkali followed by back titration with standard acid. 

[For especially valuable summaries and discussion of this method see (22) (23); for ad- 
ditional material on characteristics of this method see (24) (25) (26) (27) (28) (29) (30) 
(31) (32) '(33) (34) (35) (41); for discussion of detn. of the formate produced see (22).] 

If the sample contains other substances which independently react with alkali and 
thus interfere with the above method, C may be determined by reduction to acetaldehyde 
(1:0100) and characterization of the latter. E.g., C with Zn -h strong HCl (36) (37), or 
with Zn + dil. H2SO4 (37) (38) (27) cf. (42), gives acetaldehyde (1:0100); this may be 
detd. as p-nitrophenylhydrazone (36) (or otherwise) or if H2SO4 was used total chloride 
ion may be determined (42). This reduction to acetaldehyde is of value in detn. of C in 
presence of CHClj (3:5050) or of a,a,/9-trichloro-ri-butyraldehyde (“ butyrchloral ”) 
(3:5910) (38). 

By determination of total chlorine as chloride ion. In addj^oa to the reduction methods 
(mentioned in the preceding paragraph) for conversion of all the chlorine of C to chloride 
ion, this may also be effected by complete hydrolysis with alkali (usually alcoholic alkali 
best in pressure bottle (39)) (40) (41); for extensive review of methods based on this prin- 
ciple see (22); the total cliloride ion is afterward detd. by conventional methods. 

By oxidation methods. By appropriate reagents C can be oxidized to trichloroacetic 
acid (3:1150); by use of a known amount (excess) of standard soln. of oxidant followed 
by back titration to determine residual oxidant, the amount corresp. to oxidn. of C can be 
detd. For studies of this method using I2 (22) (42) (34) (43), Br2 (42), KMn04 (42), or 
(NH4)2S208 (44) see indie, refs. 

Detection of C by Various Color Reactions 

With various phenols. [For color tests with resorcinol (1 :1530) -f aq. alk. (45), with 
pyrogallol (1 : 1555) + 66% H2SO4 (use in distinction from “ but>Tchloral ” (3:5910) (46)), 
with phloroglucinol (1:1620) + aq. alkali (47) (49) see indie, refs.] 

[For behavior of C with resorcinol (1 : 1530) + KBr + cone. H2SO4 see (52).] 

With pyridine + aq. alk. Since C with aq. alk. on warming gives CHCI3 (3:5050), 
detection of the latter by means of the pink to red color produced with pyridine in pres, 
of cone. aq. alkali (Fujiwara reaction) may be used as indirect test for C (48) (51). Note, 
however, that the test is not specific since it is given by various other^trihalogen compounds. 
[For further information on the Fujiwara reaction see also under trichloroethylene (3 : 5170).] 

With fuchsin-aldehyde reagent. Note that C (unlike chloral (3 : 5210)) does not give 
color with fuchsin-aldehyde reagent (50). 

® l,l,l-Trichloro-2-methylpropanol-2 (“ Chloretone^’); M.p. 96®. Convert C with 
aq. alk. to CHCI3 (3 : 5050) and derivatize the latter by combination with acetone to 
“ chloretone (3:’2662). 

8:1270 (1) Banchetti, Ann. chim. applicata 31, 422-429 (1941); Cent. 1042, II 1779; C.A. 38, 
2313 (1944). (2) Banchetti, Ann. chim. applicata 31, 463-466 (1941); Cent. 1942. II 2577; C.A. 

88, 2314 (1944). (3) Ingold, J. Chem. Soc. 125, 1536-1537 (1924). (4) Meyer, Dulk. Ann. 171, 

74-76 (1874). (5) Petrikaln, Hochberg, Z. phyeik. Chem. B-4, 306 (1929). (6) van Bossem, 

Z. phyeik. Chem. 62, 681-712 (1908). (7) Tsakalotos, BuU. eoc. chim. (4) 18, 282-283 (1913). 

(8) Bellucci, Ooze. chim. ital. 43, 1 527 (1913). (9) Ramsay, Young, Phil. Trane. 177, 1 77 D886). 
(10) Wolf, J. Phye. Chem. 4, 21-32 (1900). 

(11) Jacobsen, Ann. 157, 243-248 (1871). (12) Rudolfi, Z. phyeik. Chem. 37, 426-447 (1001). 
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(13) Personne, Compt. rend. 69, 1363 (1869). (14) Berthelot, Ann. chim. (5) 12 , 636 (1877). 

(15) Mounfield, Wood, J. Chem. Soc. 1926, 498-499. (16) Pope, J. Chem. Soc. 75, 455-460 (1899). 

(17) Kurnakow, Efremov, Z. physik. Chem. 85, 401-418 (1913). (18) Elliott, Z. Krist. 98, 180 

(1937); Cent. 1938, 1 1104; C.A. 32, 1998 (1938). (19) Adams, J. Pharmacol. 78, 340-345 (1943); 

C.A. 37, 6035 (1943). (20) Speycrs, Am. J. Sci. (4) 14, 294 (1902). 

(21) Danckworth. Arch. Pharm. 280, 197-205 (1942); C.A. 37. 2516 (1943). (22) Watson, 

Am. J. Pharm. 102, 506-525 (1930). (23) Weston, Ellis, Chem. News 95, 210-211 (1907). 

(24) Meyer, Haffter, Ber. 6, 600-601 (1873). (25) Khait, IJkrain Gosudarst. Inst. EkspU. Farm. 

(Kharkov) 1939, No. 3, 80-81; C.A. 36. 2812 (1942). (26) Goretskii, Farmatsiya 1940, No. 6, 

31-33; C.A. 35, 2678 (1941). (27) Meillere, J. phar^. chim. (8) 11, 145-147 (1930); Cent. 1930, 

I 3221; C.A. 24, 4586 (1930). (28) Andron,/. pharm. chim. (8) 8, 453-455 (1928); Cent. 1929, 

I 1845; C.A. 23, 3775 (1929). (29) Andron, BtUl. soc. pharm. Bordeaux 64, 199-201 (1926); 

Cent. 1927, I 1874; C.A. 21, 2045-2046 (1927). (30) Fleury, Malmy, J. pharm. chim. (8) 8, 

537-642 (1928), Cent. 1929, 1 2092; C.A. 23, 3775 (1929). 

(31) Francois, J. pharm. chim. (8) 7, 54-57 (1928); Cent. 1928, I 1898, C.A. 22, 1652 (1928). 

(32) Brugeas, Bull. soc. pharm. Bordeaux 66, 12-17 (1928) , Cent. 1928, 1 1986; C A. 23, 4014 (1929). 

(33) Self, Pharm. J. (4) 25, 4-7 (1907); Cent. 1907, II 1019; C.A. 2, 448 (1908). (34) Kolthofif, 

Pharm. Weekblad 60, 2 (1923) , of. Z. anal. Chem. 64, 454 ( 1924) . (35) Gamier, Bull. s^ci. pharmacol. 

15, 77-82 (1908) ; Cent. 1908, 1 1492; C.A. 4, 234 (1910) . cf. Z. anal. Chern. 49, 249 (1910). (36) 

Griebel, Weiss, Z. Untersuch. Lebensm. 56, 163 (1928) (37) Personne, Ann. 157, 113-115 (1871). 

(38) Jona, Giorn. farm. chim. 61, 57-59 (1912); Cent. 1912, I 1148, C A. 6, 1337-1338 (1912). 

(39) WaUis, Pharm. J. (4) 22, 162-163 (1906) ; Cent. 1906, 1 1053. (40) Lormand, J. pharm. chim. 

(8) 9, 151-153 (1929), Cent. 1929, I 2909; C.A. 23, 3775 (1929). 

(41) Brugeas, Bull. soc. pharm. Bordeaux 66, 78-83 (1928), Cent. 1928, II 591; not in C.A. 
(42) Schwicker, Z. anal. Chem. 110, 161-165 (1937). (43) Rupp, Arch. Pharm. 241, 326-328 

(1903); see also correction Pharm. Zentralhalle M, 151, Cent. 1923, IV 483. (44) Rogers, Trans. 

Roy. Soc. Canada (3) 17, III 164 (1923) , Cent. 1924, II 515, not in C A. (45) Ware, Chemist and 
Druggist, 123, 282 (1935) , Cent. 1936, I 1(567. (46) Gabutti, Boll, chim farm. 42, 777-778 

(1903); Cent. 1904, I 480-481. (47) Jaworowski, Z. anal, chern. 37, (50 61 (1898) (48) Ross, 

J. Biol. Chem. 58, 641"(542 (1923/24). (49) Kul’l^erg, Presman, Farm. Zhur. 13, No. 3, 12-14 

(1940) ; Cent. 1942, 1 1531-1532, C A. 37, 2883 (1943) (50) Sohmidt, Ber. 13, 2343, Note (1880). 

(51) Adams, J. Pharmacol. 74, 1 1-17 (1942) ; C.A. 36, 1343 (1942). (52) Pesez, J. pharm. chim. 

(8) 22, 68-69 (1935); Cenf. 1936, 1 1050, C.A. 30, 1517-1518 (1936). 


3: 1275 a,a,/3-TRICHLOROPROPIONIC ACID C 3 H 3 O 2 CI 3 Beil, n — 

Cl Ur- 

CH,— C— COOH n2-{328) 

ii ii 

M.P. [6S-«6° <4)1 
60° (1) 

60-fi2° (2) 

Colorless very hygroscopic cryst.; note that m.p. is rapidly lowered by exposure to 
moist air ( 1 ). — Eas. sol. aq., ale., Celle; best crystd. from CS 2 . 

[For prepn. of C from a,a,/3-trichloropropionaldehyde (3:9033) by oxidn. with fumg. 
HNO 3 ( 2 ) ( 1 ) or by aq. acid solns. of chlorates cat. (4) see indie, refs.; from 1, 2 , 2 , 3 - 
tetrachlorobutene«3 (3:9060) by oxidn. with excess aq. KMn 04 see (3).] 

C titrates readily as monobasic acid; Neut. Eq., calcd. 177.5; found, 176.6 ( 2 ). 

[C in abs. ale. contg. a little H 2 SO 4 , refluxed 1 hr. gives ( 2 ) ethyl 1,1,2-trichloropropionate, 
b.p. 121® at 65 mm., pi® - 1.36, wi® = 1.458 (2).] 

[For conversion of C to acid chloride with SOCI 2 or S 2 O 2 + CI 2 + cat. see ( 6 ).] 

8:1275 (1) Muskat, Becker, J. Am. Chem. Soc. 52, 817-818 (1930). (2) Berlande, BuU. soc. 
chim. (4) 37, 1392 (1925). (3) Berchet, Carothers, J. Am. Chem. Soc. 55, 2008 (1933). (4) 

Plump (to Pennsylvania Salt Mfg. Co.), U.S. 2,370,577, Feb. 27, 1945; C.A. 39, 4085 (1945). 
(6) lichty (to Wingfoot Corp.), U.S. 2,361,562, Oct. 31, 1944; C.A. 39, 2297 (1946). 
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Beil, n - 280 
ni-(i24) 
n 2 -( 255 ) 


Colorless hygroscopic Ifts. or ndls. from pet. ether; deliquesces in moist air to yield an 
oil sol. in 20-25 pts. aq. (4). [New comml. prod. (1942) in U.S A.] 

[For prepn. (100% jrield (5)) from a,at,/J-trichloro-n-butyraldehyde hydrate (ri-butyr- 
chloral hydrate) (3:1905) via actn. of 2 pts. fumg. HNO3 {D = 1.504) at 30° (5) (6) or 
with aq. acid solns. of chlorates + cat. (8) see indie, refs.; for prepn. from a-chlorocrotonic 
acid (3:2760) or a-chloro-isocrotonic acid (3:1615) by addn. of CI2 see (4).l 

C with Zn dust and aq. gives excellent yield (5) of a-chlorocrotomc acid (3:2760), m.p. 
99-l(^° <5). 

NaA on warming (4) or boilg. {3)_with aq. dec. into CO2 and 1,1-dichloropropene-l 
(3:5120), b.p. 78°. — PbA2 (7) or PbA2.2H20 (3) is insol. cold aq., spar. sol. hot aq., but 
eas. sol. in ale. or ether. 

C with PCI3 (3) yields Q!,a,/3-trichloro-n-butyryl chloride, b.p. 162-166° (3). 

Methyl a,a,/3-trichloro-n-butyrate: unreported. 

Ethyl a,a,/3-trichloro-n-butyrate: b.p. 212° (see 3:6380). 

a,«,/3-Trichloro-n-butyramide: scales from ale., m.p. 96° (3). [From a,a,/3-tri- 

chloro-w-butyryl chloride (above) with cone. aq. NH4OH (3).] 

a,a,/9-Trichloro-n-butyranilide: unreported 

a,a,/3-Trichloro-n-butyr-a-naphthalide: unreported. 

3:1380 (1) Kahlbanm, Ber 13 . 2337 (1879). (2) Kendall, J. Am Chem Soc. 36 , 1231 (1914). 

(3) Judaon, Ber. 3 , 7H5-788 (1870). (4) Valentin, Ber. 38 , 2(>()l-20(>3 (1895). (5) Roberts, 

J. Chem. Soc. 1938 , 779. (6) Kiamer, Pinner, Ber. 3 , 389 (1870) (7) Garzarolli-Thurnlack, 

Ann. 183 , 184 (1876). (8) Plump (to Pennsylvania Salt Mfg. Co.), tJ.S. 2,370,577, Feb. 27, 1945; 

C.A. 39 , 4085 (1945). 
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rYNci 

CioHtCI Beil. V - 641 




1 

Vi-(262) 




\A/ 

V2-(445) 

M.P. 


B.P. 



61° 

<i) 

256.5° cor. 

(20) 

= 1.60787 (12) 

60° 

(2) 

256° 

(2) 


59.6-60° 

(3) 

235.6" cor. at 762 mm. (10) 

(Z4® = 1.178) (12) 

58.6-59.8° 

(4) 

264-266° cot. at 761 mm. (13) 

(nff = 1.631) (12) 

69° 

(5) 

251-252° 

(18) 


68.6° 

<6> 

121-122° at 

12 mm. (12) 


68.6° 

(7) 

119.6-119.8° at 

11 mm. (4) 


68-69° 

(8) 




68° 

(9) 




57.4-57.8° 

(10) 




66.7° 

(11) 




66.6° 

(18) 



• 


66° (12) (13) (14) (21) (27) 

66° (15) 

[For 1-chloronaphthalene see 3 : 6878.1 


3:1280 a,a,i3-TRICHLORO-n-BUTYRIC H Cl C4H6O2CI8 

t^Schlorocrotouicacid”) . i.COOH 

Cl Cl 

M.P. 60° <1) B.P. S36-S38° (3) 

67.9° (2) 
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Colorless Ifts. from ale.; eas. sol. ale., ether, CeHe, CHCI 3 , CS 2 . — Volatile with steam. 

[For prepn. from j8-naphthylamine [Beil. X 11-1265, XIIIi-(532}] via diazotization and 
use of CU 2 CI 2 reaction (yields: 90-95% (17), 82% (15), 7,5-80% (16)) (3) or even on boUg. 
diazonium salt soln. with cone. HCl (1) (18), or from diazonium /ZnCl 2 cpd. on addn. to 
phenol at 60® (44% C + 35% hydroxybiphenyl *f 13% diphenyl ether (39)), see indie, 
refs.; from jS-naphthol (1:1540) with PCI5 at 135-140° for 24 hrs. as directed (30% yield 
(19)) (20) (13) cf. (16) or from :m-(^-naphthyl)phosphoric acid dichloride by htg. at 310° 
(21) or from sodium /3-naphtholate with PCI3 in toluene (55% yield (22)) see indie, refs.; 
from sodium )3-naphthalenesulfonate with PCls via conv. to j3-naphthalenesulfonyl chloride 
and distn. of latter with a second mole of PCls see (13); from mercury (/3-naphthyl) 
with SOCI2 see (2); from di-jS-naphthyl sulfone with PCls sec (23); from 6-chloronaphthoic 
acid-1 (3:4845) by decarboxylation in quinoline at 225° in pres, of copper chromite cat. 
see (8); for formn. of C in small proportion from 1-chloronaphthalene (3:6878) by htg. 
with AICI3 (9) or from naphthalene dichloride by actn. of alkali (24) see indie, refs.] 

(For sepn. of C from 1-chloronaphthalene (3:6878) by fractional freezing of appropriate 
solutions see (25).] 

[For thermal anal, of systems of C with SbCls (14) (26) or SbBrs (14) see indie, refs.; 
with /3-naphthol (1 : 1540), with ^-naphthylamine, or with 2-methylnaphthalene (1 : 7605) 
see (5), with PkOH sec (11).] 

[C with even twice calcd. amt. 5% Na/Hg in ale. for 22 hrs. is not reduced but can be 
recovered almost quant. (27).] 

(C with Li in dry ether subsequently treated with Me 2 S 04 gives (43% yield (28)) 2- 
methylnaphthalciie (1:7605). — C with chlorobenzene -f Na in xylene refluxed 12 hrs. 
gives small yield (38) 2-phenylnaphthalene [Beil. V-687], m.p. 101.5° (38).] 

[C with strong ale. KOH in s.t. at 220° is unchanged (13), but C with 5 moles 3-25% 
aq. NaOH htd. under press. 1 hr. at 3,50-360° in pres, of Cu gives (29) a mixt. of /3-naphthol 
(1 : 1540) + «-naphthol (1 : 1500) cf. (30) ] 

[C on mononitration as directed (31) gives 2-chloro-8-nitronaphthalene [Beil. V-556], 
yel. ndls. from ale., m.p. 116° (31) (of the other theorcticsally possible mononitro C isomers 
only the following are known, and these have been prepd. indirectly: viz , l-nitro-2-chloro- 
naphthalene, m.p. 99-100° (32), 3-nitro-2-chloronaphthalene, m.p. 105° (33), 4-nitro-2- 
chloronaphthalene, m.p. 79° (34), 5-nitro-2-chloronuphthalcne, m.p. 100.5° (37).] 

[C on dinitration with fumg. HNO 3 (17) is claimed to yield 2-chloro-l,6(?)dinitronaphtha- 
lene, pale yel. ndls. from ale., m.p. 174° (17); in the pres, of K 2 SO 4 , however, the same author 
(17) regards the prod, as 2-chloro-l,8-dmitronaphthalene, pale yel. ntlls. from AcOH, m.p. 
175° (17), and no later work appears to be recorded as to whether these arc the same and 
if so which.] 

[C on trinitration, e g., by soln. in 8 pts. abs. HNO 3 at 0°, or better (38% yield (15)) by 
addn. of C (2 g.) to a mixt. of abs. KNO 3 (16 ml.) + cone. H 2 SO 4 (8 ml.) at 0°, followed 
by wanning as directed, gives 2-chloro-l,6,8-trinitronaphthalene, pale yel. cryst. from 
AcOH, m.p. 193°, white ndls. from CeHe, m.p. 194° (15).] 

[C on cat. oxidn. with air at 250-300° gives (35) 53% phthalic anhydride (1:0725) + 
47% 4-chlorophthalic anhydride (3 : 2725).] 

[For chloromethylation of C with paraformaldehyde -f HCl gas in AcOH see (40).) 

® 2-Chloronaphthalenesulfonainide-8 (7-chloronaphthalenesulfonamide-l): cryst. from 
dil. ale.’ m.p. 231-232° u.c. (36). [From C with chlorosulfonic acid as directed, fol- 
lowed by conversion of the intermediate 2-chloronaphthalenesulfonyl chloride-8, 
m.p. 124-126° U.C., with (NH 4 ) 2 C 03 to desired sulfonamide (36).] 

2-Chloronaphthalene picrate: m.p. 81.5° (by thermal anal. (11)). 
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3:1285 {1) Liebermann, Palm, Ann, 183, 270 (1876). (2) Heumann, Kdchlin, Ber. 16» 1627 

(1883). (3) Hampson, Weissberger, J. Chem. Soc. 1936, 394. (4) Gockel, Z, phyaik. Chem. 

B-29, 86 (1935) (5) Grimm, ,Gttnther, Titus, Z. physik. Chem. B-14, 196, 199, 202 (1931). 

(6) Parts, Z. physik. Chem. B-10, 265 (1930). (7) L. Klemm, W. Klemm, Schiemann, Z. physik. 

Chem. A-165, 384 (1933). (8) Price, Chapin, Goldman, Krebs, Shafer, J. Am. Chem. Soc. 63, 

1861 (1941). (9) lioux, Ann. chim. (6) 12, 349 (1888). (10) Zil’berman, Rashevskaya, Martyn- 

tseva, J. Applied Chem. {U.S.S.R.) 9, 1832-1840 (1936) , Cent. 1937, 1 4786; C.A. 81, 2697 (1937). 

(11) Jefremov, J. Rn&s.Phys.-Chem. Soc. 50, 381 (1918) ; Cent. 19Z3, III 380. (12) von Auwers, 

FriihlinK* Ann. 422, 194, 200, 202 (1921). (13) Rimarenko, J. Russ. Pkys.-Chem. Soc. 8, 139 

(1876), Ber. 9, 663-666 (1876). (14) Menschutkin, J. Russ. Phys.-Chem. Soc. 44, 1084 (1912); 

Cent. 1912, II 1436. (15) van der Kam, Rec. trav. chim. 45, 568-569 (1926). (16) Chattaway, 

liewis, J. Chem. Soc. 65, 875-877 (1894). (17) Scheid, Bcr. 34, 1813-1815 (1901). (18) Gasior- 

owski, Waysb, Ber. 18, 1940 (1885). (19) Berger, BuU. soc. chim. (3) 35, 30-32 (1906). (20) 

Cleve, Juhlin-Dannfclt, BuU. soc. chim. (2) 25, 25^259 (1876). 

(21) Auteniieth, Geyer, Ber. 41, 158 (1908). (22) Darzens, Berger, BuU, soc. chim. (4) S, 

785-787 (1909). (23) Clove, Bzill. soc. chim. (2) 25, 257 (1876). (24) Armstrong, Wynne, 

Chem. News 61, 284 (1890); Ber. 24, Referate, 713 (1891). (25) Britton, Reed (to Dow Chem. 

Co.), U.S. 1,917,822, July 11, 1933; Cent. 1933, II 2194; C.A. 27, 4647 (1933). (26) Vasil’ev, 

J. Russ. Phys.-Chem. Soc. 49, 428-431 (1917); Cent. 1923, III 668; C.A. 18, 1418 (1924). (27) 

Franzen, Stauble, J. prakt. Chem. (2) 103, 389 (1921 /22). (28) Vesely, Stursa, Collection Czecho^ 

slov. Chem. Commun. 4, 142 (1932); Cent. 1932, I 3060 (29) Britton, Stearns (to Dow Chem. 

Co.), U.S. 1,996,745, April 9, 1935; Cent. 1935, II 2126; C.A 29, 3364 (1935). (30) Hale, Britton 

(to Dow Chem. Co.), U.S. 1,882.824, 1.882.825, 1,882,826, Oct. 18, 1932; Cent. 1933, 1 309; C.A. 
27, 731 (1933). 

(31) Armstrong, Wynne, Chem. News 59, 225 (1889). (32) Hodgson, Leigh, J. Chem. Soc. 

1937, 1352-1353. (33) Hodgson. Elliott. J. Chem. Soc. 1934, 1705-1706. (34) Hodgson, Elliott. 

J. Chem. Soc. 1936, 1153. (35) Pongratz, Bassi, Fuchs, Suss, Wustner, Schober, Angew. Chem. 54 , 

22-26 (1041); C.A. 35, 3248 (1941). (36) Huntress. Carten, J. Am. Chem. Soc. 62, 611-514 
(1940). (37) Hodgson, Turner, J. Chem. Soc. 1942, 723-725; C.A. 37, 879 (1943). (38) 

Chattaway, Lewis, J. Chem. Soc. 65, 871-872 (1894). (39) Hodgson, Foster, J. Chem. Soc. 

1942, 582-583. (40) Horn, Warren, J. Chem. Soc. 1946, 144. 
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CioHiaDCl 

Beil. VI - 539 

(4-Chloro-2-isopropyl- 

V— ■ 

Cl 

VIi-(a66) 

5 -methylphenol) 

(CH 3 ) 2 CH<^ 

J>CH 3 

VIi-(499) 

M.P. 62-64° (1) (2) (3) 

B.P. 26S>-863° 

{ 10 » 


61° (4) 

268-!?59° 

(3) 



59-60° (5) ( 6 ) 143-147° at 18-20 mm. (4) 

69° (7) 

58° (8) 

68-60° (9) 

[See also p-chlorocarvacrol (3:0480).] 

Note that C is also known as 4-chlorothymol (Beilstein) and as 6 -chlorothymol (C.A.) 
according to differing methods of numbering the thymol nucleus. 

PREPARATION OF C 

From thymol. [For prepn. of C from thymol (1 : 1430) by chlorination with CI 2 in aq. 
Na 2 COs (80% yield ( 10 )), with CI 2 in AcOH (50% yield ( 8 )), or with SO 2 CI 2 ( 1 ) (9) in 
CHCI 3 (5) see indie, refs.] 

From 4->chloro-3-methylphenol (4-chloro-m-cresol). [For prepn. of C from 4-chloro- 
3-methylphenol (3:1535) by conversion with isopropyl alcohol or isopropyl chloride 



3:1293 p-CHLOROTHYMOL 

(3:7025) (11) or with propylene (3) to 4-chloro-3-methyIplienyl isopropyl ether and subse- 
quent rearr. (11) (3), e.g., with H2SO4/ACOH (6), to C, see indie, refs.] 

From other sources. (For prepn. of C from 4-amino-2-isopropyl-5-methylphenol via 
diazotization and use of CuCl2 /ZnS04 see (4).] 

BIOCHEMICAL ASPECTS AND USES OF C 

C as a halogenated phenol has been widely considered as an antiseptic, bactericide, 
disinfectant, germicide, fungicide, etc.; while this aspect cannot here be recorded in detail, 
the following examples may serve as leading references. 

[For general and technical articles on bactericidal (12) (13) (14) (15) (16) (17) (18), 
fungicidal (12) (19) (20) (21), or anthelmintic (22) action of C see indie, refs.; for patents 
on various means of improving the aqueous solubility of C for use as germicide see (23) 
(24) (25) (26) (27) (28) (2) (29); for patent on use of C in mouthwash see (30); for use as 
disinfectant of a mixt. of C (2 pt.) with camphor (1 pt.) (which mixt. is liquid above 5°) 
see (31).l 

CHEMICAL BEHAVIOR OF C 

Reduction. [C in aq. alk. with H2 + cat. at 180° and 30 atm. (32), or C in aq. alk. with 
Fe filings at 170° or at 200° under pressure (33) gives (100% yield (32)) thymol (1 : 1430), 
m.p. 51.5°.] 

Oxidation. C on oxidation with CrOs (8) or with Mn02 in ice-cold cone. H2SO4 (1) 
gives thymoquinone (1:9003), m p. 45.5°. 

Reactions Involving Nuclear Substitution of C 

Bromination. [C with Br2 in AcOH gives (8) a mixt. of products ] 

Nitration. [C in It. pet. floated on an aqueous soln. of nitrous acid (from NaN02 -f HCl) 
for a week gave (8) 4-chloro-2-isopropyl-5-mcthyl-6-nitrophenol [Beil. VI-542, VIi-(267)], 
pale yel. ndls. from ale., m.p. 116° (8) (34). — Note that attempts to effect direct nitration 
of C with HNO3 in AcOH below 20° (8) give a mixt. of products; also that C in dry CHCI3 
at — 20° with NO2 (from htg, dry Pb(N03)2) gives (8) 4-chloro-3,4,6-trinitro-2-isopropyl-5 
methyl-cyclohexadien-2,5-one-l [Beil, VIIi-(lOO)], yel. cryst., m.p. about 105° dec. (8).] 

Mercuration. [For patents on mcrcuration of C see (35) (36).] 

Miscellaneous nuclear substitutions. [Note that NaA with tienzyl chloride (3:8535) 
in toluene at 110° for 4 hrs. gives (by nuclear benzylatioii) (37) 4-chloro-6-benzyl-2-iso- 
propyl-3-methylphenol, b.p. 180° at 3 mm. (37).] 

[6 with SCI2 in CS2 gives (65% yield (5)) a sulfide, C20H24O2CI2S, m.p. 110-111°, of 
undetermined structure.] 

Reactions Involnng the Phenolic Group of C 

(See also below under (0)’s.) 

[C with PCJls at 180-200° for 2 hrs. gives (9) 2,5-dichloro-p-cymene [Beil. V-423, V2- 
(326)], b.p. 240-243°; this prod, on oxidn. with dil. HNO3 (D = 1.15) in s.t. at 180° for 
10 hrs. gives (38) 2,5-dichlorotcrephthalic acid [Beil. IX-847], m.p. 305° (38) (corresp. 
dimethyl ester, m.p. 136° (38)).] 

[For behavior of C with POCI3 giving compds. of types ROPOCI2 and (IlO)2POCl (R * 
p-chlorothymyl) see (39); for clinical tests of sodium salt of p-chlorothymylphosphoric 
acid “ thymophogen ”) with tuberculosis see (40), for prepn. of such salt see (41).] 

^-Chlorothymyl methyl ether: oil, b.p. 251° cor. at 760 mm. (1). [From G with 

Mel 4- KOH (1) or from thymyl methyl ether with SO2CI2 (42).] 
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^-Chlorothymyl ethyl ether: unreported. 

^Chlorothymyl acetate: oil, b.p. 112-114° at 2 mm. (43). [From C with AcsO (9) 

or AcCl (44); for Fries rearr. to the corresp. acetophenone deriv. see (44) cf. (43).J 
® ^-Chlorothymyl benzoate: m.p. 71-73° (9). [From C with BzCl in aq. KOH (9),J 
® ^Chlorothymyl benzyl ether: m.p. 55° (7). 

® ^Chlorothymyl o-nitrobenzyl ether: m.p. 117° (7). 

^Cblorothymyl >-nitrobenzyl ether: unreported. 

^-Chlorothymozyacetic acid: unreported. 

3:1293 (1) Peratoner, Condorelli, Gazz. chim. ital, 28, I 214-215 (1898). (2) Raschig, Ger. 

679,897, July 4, 1933; CenL 1933. II 1553; C.A. 28, 1142 (1934): U.S. 1,816,297, July 28, 1931; 
Cent. 1931, II 3638;iC'.A. 26, 5514 (1931). (3) Schollkopf (to Rheinisches Kampfer Fabrik) 

U.S. 2,115,884, May 3, 1938; Cent. 1938. II 2180; C.A. 32, 4606 (1938). Brit. 319,205, Aug. 8, 
1929; Cent. 1930, I 736; C.A. 24, 2468: Ger. 638,756, Nov. 21, 1936; not in Cent.; C.A. 31, 3064 
(1937). French 681,049, May 8, 1930, Cent. 1930, II 1132; C.A. 24, 4051 (1930). (4) Skraup, 

Steinnick (to Rheinische Kampfer Fabrik) Ger. 431,513, July 10, 1926; Cent. 1920, II 1462; not 
in C.A. (5) Lesser, Gad, Ber. 66, 977 (1923). (6) Niederl, Natelson, J . Am. Chem. Soc. 64, 

1068-1069 (1932). (7) Jones, J. Chem. Soc. 1941, 364. (8) Robertson, Briscoe, J. Chem. Soc. 

lOf, 1968-1971 (1912). (9) Bocchi, Gazz. chim. ital 26, II 403-406 (1896). (10) Tischenko, 

J. Russ. Phys.-Chem. Soc. 60, 153-162 (1928), Cent. 1928, II 767; C.A. 22, 3397 (1928). 

(11) Raschig, U.S. 1,769,648, July 1, 1930, Cent. 1930, II 3462; C.A. 24, 4524 (1930): Brit. 
270,283, Juno 22, 1928, Cent. 1929, I 439; C A. 22, 1366 (1928). Ger. 555,904, July 30, 1932; 
Cent. 1932, II 1693; C.A. 26, 5972 (1932): Ger. 531,774, April 30, 1926, not in Cent.; C.A. 26, 
157 (1932) : French 633,067, Jan. 20, 1928; Cent. 1929, 1 439; [C.A. 22, 3418 (1928)): Swiss 127,036, 
Aug. 16. 1928; Cent. 1929, 1 439, C.A. 23, 1142 (1929). (12) Law, J. Soc. Chem. Ind. 60, No. 3, 

66-67 (1941). (13) Alehin, Che7n. Products 2, 93 95 (1939); C.A. 33, 7961 (1939). (14) Roeg, 

Am. J. Pharm. 110, 72-75 (1938). (15) Heading, Pharm. J. 138, 321-322 (1937); Chemist and 

Druggist 126, 392-393 (1937) , Cent. 1937, II 2208; C.A. 31, 8119 (1937). (16) Etinger-Tulczynska, 
Ulrich, Z. Hyg. infektionskrankh. 113, 437-444 (1932); Cent. 1932, II 77; C.A. 26, 2651 (1932). 
(17) Lockemann, Ulrich, Z. Hyg. infekhomkrankh. 113, 475-481 (1932), Cent. 1932, 11 99; 
C.A. 26, 2551 (1932). (18) Malcolm, J Bact. 22, 403-425 (1931); Cent. 1932, I 2974; C.A. 26, 

1956 (1932). (19) Eastwood, Science 100, 10-11 (1*^44). (20) Woodward, Kingery, Williams, 

J. Lab. Clin. Med. 20, 950-953 (1935) ; Cent. 1936, 1 93, C.A. 29, 5925 (1935). 

(21) Woodward, Kingery, Williams, J. Lab. Chn. Med. 19, 1216-1223 (1934), Cent. 1935, I 
256; C.A. 28, 6849 (1934). (22) Oclkers, Rathje, Arch, exptl. Path. Pham>akol. 198, 317-337 

(1941); Trap. Diseases Bull. 39, 767-768 (1942); C.A. 37, 1507 (1943). (23) Hueter, Engelbrecht 

(to Unichem.), U.S. 2,267,101, Dec. 23, 1941; C.A. 36, 2376 (1942). (24) Schering, A.G.. 

French 870,574, March 16, 1942; Cent. 1942, II 1374; not in C.A. (25) Deutsche Hydrierwerke, 
A.G., French 823,289, Jan. IS, 1938; Cent. 1938, I 2587; C.A. 32, 5582 (1938). (26) Gelinsky, 

Ger. 649,126, Aug. 16, 1937; Cent. 1937, II 3627; C A. 31, 8838 (1937). (27) Goedrich, U.S, 

2,073,057, March 9, 1937; Cent. 1937, I 4830; C.A. 31, 3214 (1937) (28) Goedrich (to Goedrich 

Chem. Co.) U.S. 1,930,474, Nov. 17, 1935; Cent. 1934, 1 2314, C.A. 28, 203''(1934). (29) Raschig, 

Ger. 580,880, July 17, 1933; Cent. 1933, II 2294; C.A. 28, 1142 (19.34). (30) Pepsodent Co., 

French (393,083, Nov. 14, 1930; Cent. 1931, I 1481; C 4. 25, 1640 (1931). 

(31) Raschig, Ger. 433,293, Aug. 23, 1926; Cent. 1926, II 2205, not in C.A. (32) SchoUkopf 
(to Rheinisches Kampfer Fabrik), Ger 432,802, Aug. 11, 1926; Cent. 1926, II 1693; not in C.A. 
(33) Raschig, Ger. 396,454, June 6, 1924, Cent. 1924, II 1275; not in C.A. (34) Kehrmanu. 
Schdn, Ann. 310, 106-107 (1900). (35) Christiansen (to Squibb and Sons), U.S 2,252,705, 
Aug 19, 1941; C.A. 35, 7657 (1941). (30) Christiansen, Moness (to Squibb and Sons), U.S. 

2,137,236, Nov. 22, 1938; C.A. 33, 1886 (19.39) (37) Klarmann, Gates (to Lehn, Fink, Inc.), 

U.S. 1,926,874, Sept. 12, 1933; Cent. 1934, 1 83, [C.A. 27, 5896 (1933)]. (38) Wheeler, Giles, 

J. Am. Chem. Soc. 44, 2611 (1922). (39) Rasenmund, Vogt, Arch. Pharm. 281, 317-327 (1943); 

C.A. 38, 5804-5805 (1944). (40) Hisasi, Beitr. Klin. Tvlterk. 92, 52-57 (1938); C.A. 33, 8794 

(1939). ^ ^ 

(41) Ayukawa, Japanese 93,182, Oct. 9, 1931; C.A. 27, 1452 (1933). (42) Peratoner, Ortoleva, 

Gazz. chim. ital. 28, I 228 (1898). (43) Klarmann, Shternov, Gates, J. Am. Chem. Soc. 55, 

2586-2587 (1933). (44) Klarmann, Gates (to Lehn, I’ink, Inc.), U.S. 1,938,912, Dec. 12, 1936; 

Cent. 1934, I 2006; C.A. 28, 1472 (1934): Brit. 432,955, Sept. 5, 1935; Cent. 1936, I 809-810; 
[C.A. 30, 675 (1936)]. 
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3:1300 /3-CHLOROISOCROTONIC ACID 
(ci«-3-Chlorobuten-2-oic 
acid-1) 


C4H602a 
CHff-C— Cl 

HOOC— 1;— H 


BeO. O - 416 
lli-(190) 

Ha-oee) 


M.P. 62“ <1) 

61.«“ (2) 

61“ (3) (4) <S) 

<6) (7) (8) 
60.5° (9) 

59.5-60.5° <10) 

59.5° (11) (17) 


B.P. 194.8° cor. (11) 


DJ* ® - 1.1905 (7) 

ng ® - 1.47039 (7) 


[iSce also ^-chlorocrotonic acid (3:2625).! 


Cryst. from aq. or pet. ether. — C is somewhat less sol. in aq. than its stereoisomer 
(3:2625); e.g., C is sol. in 52.4 pts. aq. at 19° (12), in 79 pts. aq. at 7° (11). — C is very 
easily volatile with steam (11) (dif. from /3-chlorocrotonie acid (3:2625).-— C in either 
<?«-«, /S-dichloroethylene (3:5042) or <rans-a, /9-dichloroethylene (3:5028) is very much 
more sol. than the stereoisomeric /3-chlorocrotonic acid (3:2625) (13). — C sublimes 
even at room temp. (11). 

For f.p. /compn. data and diagram of S3rstem C -f the stereoisomeric /3-chlorocrotonic 
acid (3:2625) (eutectic, m.p. 38.9° contg. 66.8 mole % C) see (14). 

Preparation. [The mo.st frequently used method of prepn. of C is that from ethyl 
acetoacetatejl : 1710) with PCls; this treatment leads to the formn. of a mi\t. of the acid 
chlorides of C and the stereoisomeric j3-ohlorocrotonic acid (3:2625) which upon hydrolysis 
with aq. gives a mixt. of the two acids; from this mixture C is removed (together with any 
unreacted ethyl acetoacetate) by distillation with steam; the yield of mixed acids is vari- 
ously reported, e.g., 43.7% (3), 36.5% (9); the yield of C is relatively small, e.g., 26.8% 
(3)^ 13% (1). — The PCls reactn. has often been carried out in dry CeHe (8) (15) (9) (3), 
but its use is regarded (1) as disadvantageous. — For many important details of procedure 
see indie, refs.l 

(For formn. of C from a,/3,/3-trichloro-n-butyric acid (3 : 0925) by removal of the a- and 
one /3-chlorine atom with Zn see (16); from the stereoisomeric /3-chlorocrotonic acid 
(3:2625) by htg. at 150-160° for 20 hrs. (17) or at 130° in s.t. (18) see indie, refs.l 

Chemical behavior. [C in ale. or in aq. NaOH with H2 + Pd/BaS04 (4), or C (as NaS) 
with 2^% Na/Hg in aq. (19), yields mainly isocrotonic acid (1:1045) together with 
some crotonic acid (1:0425) and tetrolic acid, CH3 — C^C — COOH; note that C is thus 
dehalogenated more rapidly (4) than the stereoisomeric /3-chlorocrotonic acid (3:2625), 
and that with excess H2 the products are further reduced to /i-butyric acid (1 : 1035).! 

C on oxidn. with aq. KMn04 yields (20) only AcOH (1 : 1010) and oxalic acid (1 :0445). 

C with CI2 in CS2 soln. adds 1 mole halogen yielding (16) a,/3,j8-trichloro-w-but3rric acid 
(3:0925), m.p. 52°; C undoubtedly adds 1 Br2 to yield /3-chloro-a,^-dibromo-n-butyric acid 
but the latter has never been reported. 

C behaves as a monobasic acid; dissociation const, at 25® = 9.47 X 10""® (21). — C on 
neutralization with cold dil. alk. gives Neut. Eq. 120.5. — Note, however, that with strong 
aq. KOH C is somewhat more resistant than its stereoisomer (3:2625); e.g., C with 3- 
4 N KOH at 115-120® (16) cf. (22) gives acetone (1:5400) -|- K2CO3 + KCl; with 7-8% 
KOH at 125-130° same -f- some tetrolic acid. 

Salts. [NH4HA.H2O (11); NaA.>^H20, very sol. aq. or ale. (11): KA.H2O, sol. in 13.2 
pts. ale. at 14° (24): AgA, aim. insol. cold aq.; on htg. with aq. in s.t. at 170® dec. 
much more readily (24) than its stereoisomer (3:2625) into CO2 + propadiene (allylene): 
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Mg^2*5H20) Ca£2>3H20| BaS2.2H20) ZniL2*2^H20y MiiS.2>2H20, CQi2<6H20) NlS2*6H20| 

all^sol. aq. (11): PbA2-4H20, spar. sol. aq. (11).] 

C with PCU (25) or with SOCI2 (26) gives (yield 90% (26)) (29) /S-chloroisocrotonyl 
chloride, b.p. 135-136° at 760 mm. ; see also comments under /3-chlorocrotonic acid (3 : 2626) . 

[C (as KA) with ale. NaOEt on htg. gives after acidification (17) /3-ethoxycrotonic acid 
[Beil. III-371, IIIi-(135)], m.p. 137-138° (17), 141° (27); note that during reactn. isomeriza- 
tion has occurred and that this prod, is the same as is similarly obtd. from i^-chlorocrotonio 
acid (3:2626). — C (as NaA) with Na benzylate on htg. gives after acidification (28) 
/5-benzyloxycrotonic acid, m.p. 121-122° (28), the same as does the stereoisomer. — C 
(as NaA) with Na salt of benzyl mercaptan in ale. on htg. gives after acidification (28) 
/3-benzylmercaptoisocrotonic acid, m.p. 130°; note that here isomerization does not occur.] 
[For behavior of C (as NH4A) with (NH4)2S03 yielding /3-sulfocrotonic acid (3), or of 
C (as KA) with K2ASO3 yielding (10) /3-arsonocrotonic acid, see indie, refs.; note that in 
both cases the products are identical with those obtd. by similar treatment of /^hloro- 
crotonic acid (3 : 2626 ) .] 

Methyl /3-chloroisocrotonate: b.p. 142°. See 3:8028. [For rate of esterification 

of C with MeOH see (30).] 

Ethyl /3-chloroisocrotonate: b.p. 165°. See 3:8325. 

® /3-Chloroisocrotonamide: Ifts. from aq., m.p. 109-110° (25). [From /S-ehloroiso- 
crotonyl chloride (see above) with cone. aq. NH4OH (25).] [For study of solubility 
in m-l,2-dichloroethylene (3:6042) and in tmns-l,2-dichloroethylene (3:6028) see 
(13).] 

® /3-Chloroisocrotonamlide: ndls. from ale., m.p. 106° (25). [From /3-chloroisocrotonyl 
chloride (see above) with aniline + excess cold dil. aq. NaOH in 100% yield (25).] 

© /3-Chloroisocroton-a-naphthalide: ndls. from ale., m.p. 155° (25). [From /S-chloroiso- 
orotonyl chloride (see above) with a-naphthylamine + excess cold dil. aq. NaOH in 
100% yield (25).] 

3:1300 (1) Dadieu, Pongratz, Kohlrausch, Monatsk. 60, 211-212 (1932); SiUber. Akad. TFiaz. 
Wien, Math, naiurw. Klasse, Abt. Il-a, 140, 369-360 (1931). (2) Stelling, Z, physik. Chem, 
B-24, 423 (1934). (3) Backer, Beute, liec. trav. ch%m 54, 552-553, 559-560 (1933). (4) Paal, 
Schiedewitz, Rauscher, Ber. 64, 1521-1530 (1931). (5) Bruylants, Castille, ByU. soc. chim. 
Belg. 34, 277 (1925). (6) von Auwers, Wissebach, Ber. 56, 724 (1923). (7) von Auwers, Ber. 

45, 2807 (1912). (8) Michael, Schulthess, J. prakt. Chem. (2) 46, 236-237 (1892). (9) Skau, 
Saxton, J. Am. Chem. Soc. 50, 2693-2701 (1928). (10) Backer, van Oosten, Rec. trav. chim. 
59, 50 (1940). 

(11) Geuther, Frolich, Zeit. Chem. 1869, 270-271. (12) Michael, Brown, Am, Chem. J. 9, 284 
(1887). (13) Lebrun, Butt. soc. chim. 39, 429-430 (1930). (14) Skau, Saxton, J. phys. Chem. 
37, 183-186 (1933). (15) Scheibler, Voss, Ber. 53. 381-382 (1920). (16) Szenic, TaggeseU, 

Ber. 28, 2665-2667 (1895). (17) Friederich, Ann. 219, 327-346, 363 (1883). (18) Michael. 
Schulthess, J. praht. Chem. (2) 46, 264-266 (1892). (19) Michael, Schulthess, J. prakt. Chem. 
(2) 46, 250-251 (1892). (20) Kondakow, J. Russ. Phys.-Chem. Soc. 24, 511 (1892). 

(21) Ostwald, Z. physik. Chem. 8 , 245 (1889). (22) Michael, J. prakt. Chem. (2) 38, 9-10 
(1^8). (23) Michael, Schulthess, J. prakt. Chem. (2) 46, 254-256 (1892). (24) Michael, Clark, 
J. prakt. Chem. (2) 52, 326-329 (1895). (25) Autenrieth, Ber. 29, 1665-1670 (1896). (26) 
Scheibler, Topouzada, Schulze, J. prakt. Chem. (2) 124, 16 (1930). (27) Nef, Ann. 276, 234 (1893). 
(28) Autenrieth, Ber. 29, 1646-1648 (1896). (29) Scheibler, Voss, Ber. 53, 382 (1920). (30) 
Sudborough, Roberts, J. Chem. Soc. 87, 1846 (1905). 

(31) Michael, Oechslin, Ber. 42, 322 (1909). 
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3:1310 1,8-DICHLORONAPHTHALENE ^ Cl 

ca 


CioHeCfe 


M.P. 61.6-62® (1) B.P. 291® cor. at 776 mm. <4) 

61.6® (2) 

61® <3) (6) (12) 


BeU.V- 642 
Vi-(262) 
V2-(446) 


Colorless ndls. from ale. — Volatile with steam (4). 

[For prepn. of C from l-amino-2,4-<iichloronaphthalene via diazotization and subsequent 
warming with ale. see (4) (5) (6) (1); similarly from l-amino-5,7-dichloronaphthalene see 
(7); from 4-nitronaphthalene-sulfonyl cliloride-2 by htg. with excess FCls see (3) (8); from 
naphthalene-1, 3-625- (sulfonjd chloride) by distn. with PCls see (2); from naphthalene- 
tetrachloride-1,2,3,4 (3:4750) with ale. KOH see (9) (10) (4) (ll).] 

[C in CHCI 3 , satd. with CI 2 at ord. temp, yields (4) 1,2,4-triehloronaphthalene (3:2490), 
m.p. 92® (4).] 

[C on nitration 3delds (4) a mixt. of two dinitro cpds., m.p. 150® and 158® respectively.] 

[C in CS2 treated with CISO3H (12) yields a mixt. of 1,3-dichloronaphthalenesulfonic 
acid-5 [Beil. XI-163] (corresp. sulfonyl chloride, m.p. 148.6®, corresp. sulfonamide, m.p. 
272° (12)) and 1,3-dichloronaphthalencsulfonic a(;id-7 [Beil. Xl-183] (corresp. sulfonyl 
chloride, m.p. 121°, corresp. sulfonamide, m.p. 228® (12)).] 

C on oxidn. with CrOs in AcOH yields (4) phthalicj acid (1 : 0820) + 2-chloronaphtho- 
quinone-1,4 (3:3580), m.p. 115® (4). — C on oxidn. in s.t. with cone. HN03 yields (5) 
phthalic acid (1:0820). 

3:1310 (1) Weissberger, SUngewald, Hampson, Trans. Faraday Soc. 30, 890 (1934). (2) Arm- 
strong, Wynne, Chem. News 61, 93 (1890) (3) Clove, Ber. 19, 2181 (1880). (4) Clevo, Ber. 23, 

954^955 (1890). (6) Cleve, Ber. 20, 449 (1887). (6) Erdmann, Ann. 276, 2C0-261 (1893). 

(7) Erdinanm Ber. 21, 3446 (1888). (8) Cleve, Ber. 21, 3274 (1888). (9) Faust, Saame, Ann. 

160, 69 (1871). (10) Widman, Ber. 16, 2161-2162 (1882). 

(11) .^mstrong, Wynne, Chem. News 68, 264-266 (1888). (12) Armstrong, Wynne, Chem. 
News 01, 274, 284 (1890). 


3:1326 2,2'-DICHLOROBIPH£NYL C 12 H 8 GI 2 

MJ*. 61-68° (11) 

60.7-62 (1) 

60.6-61° (2) 

60.6° (3) 

60° (4) 

69.0-60.6° (5) 

69° (6) (7) (8) 

68-69° (10) 


Vx-(272) 

V,-(483) 


Pr. from pet. eth. or MeOH. 

[For prepn. of C from o-chloroiodobenzene [Beil. V-220, Vi-(119)] by htg. with Cu powder 
under various conditions (yield: 40% (1), 20% (11), 10% (2)) see indie, refs.; from 2,2'- 
dinitrobiphenyl [Bed. V-583, Vi-(273)] with SOCl, in s.t. at 200-210° for 10 hrs. see (7); 
from 2,2'-diaminobiphenyl [Beil. XIII-210, XIIIi-(57)l via tetrazotization and reaction 
with CuiCl, (6) or by decomp, of HgCl, complex (80% yield (3)) see indie, refs.; for die- 
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cussion of formn. from chlorobenzene (3:7903) during prepn. of phenol by alk. fusion see 

( 12 ).] 

C on dinitration with mixt. of cone. HNO3 and cone. H2SO4 as directed (13) (9) gives 
(41% yield (13)) 2,2'-dichIoro-5,5'-dinitrobiphenyl, cryst. from acetone, m.p. 203-204® 
(13), 206° (9) (a small amt. of an isomer, m.p. 128-129°, is also formed (13)) ; C on tetranitra- 
tion by htg. with mixt. of 5 pts. fumg HNO3 (Z> = 1 6) + 20 pts. cone. H2SO4 at 100° for 
2 hrs. (13) (4) gives (38% yield (13)) 2,2'-dichloro-3,5,3',5'-tctranitrobiphenyl, cryst. from 
dioxane, m.p. 307-308° (13) (this prod, after melting is converted to higher-melting form, 
m.p. 316°, recrystn. of which from ale. restores the lower-melting variety (9)). 

3:1325 (1) Hampaon, Weisstoger, J. Am. Chem. Soc. 58, 2117 (1936). (2) Weissberger, SlUige- 

wald, Z. phyaik. Chem. B-20, 15.5 (1933). (3) Sohweehten, Ber. 65, 1607 (1932). (4) van Alphen, 

Bee. trav. chim. 51, 454-455 (1932) (5) Williamson, llodebush, J. Am. Chem. Soc. 63, 3019 

(1941). (6) Dobbie, Fox, Gauge, J. Chem. Soc. 99, 1619 (1911) (7) Mascarelli, Gatti, Gazz. 

chim. ital. 59, 868 (1929). (8) Mascarelli, Gatti, Gazz. chini. ital. 63, 664 (1933). (9) Mascarelli, 

Gatti, Gazz chim. ital. 63, 658 (1933). (10) Brull, Gazz. chim. ital. 65, 24 (1935). 

(11) Bretscher, Helv. Phys. Acta 2, 260-267 (1929). (12) Hale, Britton, Ind. Eng. Chem. 20, 

122 (1923). (13) Case, Schock, J. Am. Chem. Soc. 65, 2086-2087 (1943). 


3: 1336 d,Z-2,2,3-TRICHLOROBUTANOL-l C4H7OCI3 

H Cl 

CH3— CH2OH 

kk 

M.P. 63° (1> (3) (6) B.P. 199-200° <4> 

61.6-68° (2) 180° at 46 mm. (2) 

[67° (8»] 

Cryst. from pet. ether. — Insol. cold aq.; spar. sol. hot aq.; eas. sol. ale., ether. — In 

small quantities can (with caution) be sublimed (2). 

[For prepn. of C from a,a,/3-trichloro-n-butyraldehyde (butyrchloral) (3:5910) with 
fused Al(OEt)3 in boilg. abs. ale. under H2 or N2 for 14 hrs. (92% yield (1)), or with fused 
Al(OEt)3 4- AICI3 in boilg abs. ale. under H2 or N2 for 14 hrs. (3), or with C2H60MgBr 
in dry ether followed by aq. (5), or by treatment with diethylzinc (60-70% yield (8)) (2), 
di-n-propylzinc (6), or di-isobutylzinc (6) followed by aq. sec indie, refs.; for formn. of 
C from urobutyrchloralic acid (see below) by hydrolysis sec (4).] [Note that dextro- 
rotatory C, m.p. 62°, is obtd. (7) from butyrchloral hydrate (3 : 1905) by action of fermenting 
yeast.] 

[C with Zn 4- very dil. HCl gives (2) 2-chlorobuten-2-ol-l (3:8240), b.p. 158°. — C 
reduces Fehling soln. on warming.) 

C on oxidn. with cone. HNO3 gives a,a,/3-trichloro-n-butyric acid (3:1280). 

C with PCl6 on htg. gives (30-40% yield (8)) (2) 1,2,2,3-tetrachlorobutane (3:9078) 
(volatile with steam) accompanied by much (non-volatile) <m-(2,2,3-trichloro-n-butyl)- 
phosphate, colorless ndls. from ale., m.p. 85,3-85.4° (8). 

[C is sol. in cone. H2SO4 on slight warming but readily decomposes if htg. is excessive (2). 
C does not react with PCI3, or with fumg. HBr even at 110° (2).] 

C on administration to dogs is excreted in the urine as urobutyrochloralic acid [Beil. 
1-664] (4). 

2,2,3-Trichloro-n-butyl acetate: b.p. 217.5° at 730 mm., 131-132° at 70 mm. (2). 

[From C with AcCl in s.t. at 110° for several hrs. (2).] 


Beil. I - 369 
Ii~ 

l2-(398) 
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8 : 1886 (1 ) Meerwein, Schmidt, Ann 444, 233-234 (1926) . (2) Garzarom-Thurnlackh, Ann, 213. 
369-379 (1882). (3) Meerwein (to F. Bayer and Co.), U.S. 1,572,742, Feb. 9, 1926; Cent, 1826, 

I 3627: Brit. 251,890, .Time 3, 1926, Cent. 1926, II 1097. (4) Moring, Z. physiol Ckem. 6, 491- 

496 (1882). (5> I.G., Brit. 384,156, Dec. 22, 1932; Cent. 1933, 1 1361. (6) Garzarolli-Thurnlackh, 
Tapper, Ann. 223, 166-169 (1884). (7) Rosenfeld, Biockem. Z. 156, 64-57 (1926); Cent. 1925, 

I 2301; C.A, 19, 2683 (1925). (8) Norton, Noyes, Am. Chem. J. 10, 432 (1888). 


3:1340 2,8,6-TRICHLOROPHENOL 


M.P. 62^ {1} (2) (3) 



C6H3OCI3 


Beil. VI — 
VIi- 
Vl2-(180) 


C when dislvd. in hot solvents and cooled gives gels; e.g., a very dil. hot aq. soln. set on 
cooling to an almost solid translucent gel, partly fibrous and partly crystalline (1). When 
a soln. of K 2 CK )4 is poured on such a gel contg. AgNOs, distinct but not well-defined 
Liesegang rings are produced in the gel (1) cf. (4). 

C is volatile with steam. — Ionization const, at 23® is 5.0 X 10“* (3); C can be titrated 
with A/10 alk. using phenolphthalein; Neut. Eq. 197.5 (2). 

[For prepn. from 2,3,5-trichloroaniline via diazo reaction see (1) (70% yield) or (2) 
(57% yield).] 

C (1.5 g.) dislvd. in 20% aq. NaOH (20 ml.) and shaken with (CH 3 ) 2 S 04 (5 g.) ppts. 
(1) methyl ether (1.5 g. ~ 94% yield), 2,3,5-trichloroamsole, ndls. from ale., m.p. 84® (1), 
cryst. from acetone, m.p. 82® (4). 


® 2,3,5-Trichlorophenyl benzoate: from C + BzCl + aq. NaOH, ndls. from ale., m.p. 
101® (4), from Igr., m.p. 103® (4). 


3:1340 (1) Hodgson, Kershaw, J. Chem. Soe. 1929, 2919-2921. (2) Tiessens, Rec. trav. chim. 

50, 114 (1931). (3) Tiessens, Rec. trav. chim. 48, 1066-1068 (1929). (4) Holleman, Rec. trav. 

chim. 39, 739-740 (1920). 


3: 1355 2,4-DIMETHyLPHENACyL CHLORIDE CioHnOCl Befi. VH - 324 
(w.CUoro-2,4-dimethyl- CHs<^^ ScO.CH 2 Cl Vni-(178) 

acetophenone) ^ 

M.P. 62® 

Long wh. Ifts. (from ale.). [For prepn. from ?n-xylene, chloroacetyl chloride (3:5235) 
+ AlCl3see(l)(3).] 

C on oxidn. with aqueous NaOBr soln. for 3 hrs. (2) yields 2,4-dimethylbenzoio ac. 
[Beil. IX-631], cryst. from dil. MeOK, m.p. 126®. With a large excess of NaOBr and 
longer time (20 hrs.) C yields 5-bromo-2,4-<iimethylbenzoic acid. [Beil. IX-533], m.p. 
180-181® (2). 

C on oxidn. with alk. KMn 04 soln. gives <3) 2-methylterephthalic acid [Beil. IX-863], 
m.p. 325-330®, whose dimethyl ester has m.p. 73-74® (4). 

C treated with nicotinic acid hydrazide metho-p-toluenesulfonate in ale. gives corresp. 
hydrazone, cryst. from 1 : 1 EtOH /ether, m.p. 196° cor. (5). 

3:1355 (1) Eunckell, Ber. 30, 579 (1897). (2) Fisher, Grant, J. Am. Chem. Soc. 57, 718-719 
(1936). (3) Jbrlander, Ber. 50, 1460 (1917). (4) Lacourt, Bull. soc. chim. Belg, 39, 136-138 
(1930). (5) Allen, Gates, J. Org. Chem. 6, 696-601 (1941). 
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CIS /5-CHLOROACRYLIC ACID 


M.P. 63-64“ 

See 3 : 2240 under trana^fi’kMoroacrylic add. 


HO-Cl 

hI!j--cooh 


3:1364 


M.P. 


diethyl m«sa-a,a'- 
DICHLOROSUCCINATE 


COOC2H6 
H— i— Cl 
H— di-ci 


CsHjOiCl 


CgHu04Cl2 


BeU. n - 400 
ni-(i86) 
Hr- 


BeU. II - 619 

n,- 

1^(558) 


COOC2HS 

BJ>. 12S.5° cor. at 12.6 mm. (1) 


or 


1.1490 (1) 

® = 1.4266 (1) 


63* (1) 

61.76-62° <2) 

67° (3) 

Ndls. from dil. ale.; very eas. sol. ale., ether. — Volatile with steam. 

[For prepn. of C from wcso-of,£it'-dichlorosuccinic acid (3:4930) in EtOH with HCl gas 
see (2) (1); from diethyl fumarate with HOCl see (3) ] 

2:1364 (1) Kuhn, Wagner-Jauregg, Ber. 61, 485-486, 604 (1928). (2) Kirchhoff, Ann. 280, 

214-215 (1894). <3) Henry, Bull. acad. roy. Belg. (3) 36, 31-54 (i898) ; Cent. 1808, II 663. 


3:1370 CHLOROACETIC ACID HzC— COOH C 2 H 3 O 2 CI 


BeU. n - 104 








ni-( 87) 




Cl 



ni!-(i87) 

M.P. a-form 

M.P. jS-form M.P. 7-form B.P. 



63“ 

(1) (2) 

56.68“ 

(99) 62.6° (10) 

189.35“ 

at 760 mm. 

(27) (90) (92) 

(3) <4) (5) (6) 

56.6“ 

(16) 51° (26) 

189“ 

at 771 mm. 

(28) 

62.80“ 

(7) 


(17) 50.66° (7) 

189“ 


(12) 

62.53“ 

(8) 

56.3“ 

(7) 60.2° (22) 

188.8-189.4 

0 

(29) 

62.6-63.2° (9) 

(21) (99) 50,05“ (23) 

188.6-189.4 

9 

(30) 

62.5“ 

(36) 

56.18“ 

(22) 50“ (20) 

188.5-189.5 

“ cor. 

(31) 

62.3“ 

(10) 

56.01“ 

(23) 

187.8“ 

at 765.7 mm. (32) 


(11) 

56“ 

(2) (25) 

186“ 

at 760 mm. 

(33) 

62.0-62.6° (9) 

55“ 

(20) 

149“ 

at 207 mm. 

(34) 

62“ 

(12) (13) 


145.2“ 

at 180 mm. 

(34) 


(14) (15) 


140.5“ 

at 162 mm. 

(34) 

61.86“ 

(99) 



139.0“ 

at 141 mm. 

(34) 

61.8“ 

(16) (17) 


135“ 

at 122 mm. 

(34) 

61.7“ 

(18) (103) 


130.1“ 

at 101 mm. 

(34) 

61.65“ 

(99) 



122“ 

at 71 mm. 

(34) 

61.5“ 

(19) (20) 


108“ 

at 36 mm. 

(34) 


(21) 



102.5“ 

at 27 mm. 

(34) 

61.4“ 

(100) 



104-105“ 

at 20 mm. 

(1) 


(102) (104) 


101“ 

at 20 mm. 

(36) 

61.30“ 

(22) 



93“ 

at 18 mm. 

(34) 

61.18“ 

(23) 



94“ 

at 11 mm. 

(35) 

61-62“ 

(24) 



85-86“ 

at 11 mm. 

(2) 

61“ 

(19) (26) 





60-61“ 

(26) 







[See also dichlorocuxtic acid (3:6208) and trichloroacetic add (3:1150).] 
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MISCELLANEOUS PHYSICAL PROPERTIES OF C 

Polymorphism of C. C is known definitely in the above three a, and y forms and 
perhaps also in a fourth S form, m.p. 43.75° (23), although hist could not be confirmed 

(22) cf. (7). — The stable (a) form results from rapid condensation of_ vapor (23), by 
crystallization of C from aq. soln. (23), or from rapid cooling of fused C (37), although 
last method could not be confirmed (25); it is also obtained from the /3 form by seeding 
with a (9) or from y form by spontaneous transformation (20), or from either ^ or y forms 
at -20° (22). 

The p form results from cooling fused C especially if melt is first htd. above 67° cf. (9) 

(23) , or from y form on stirring (23) (20) (37) (22) cf. (25) (7). 

The y form results from fused C on cooling without stirring (23) (20) (37) (25) (7). 

[For study of transformation points of a and p forms sec (21); for studies of effect of 
pressure on m.p. of C see (38) (39) (25) (8).] 

Density and refractive index for fused C. [Values for these constants are not in good 
accord, viz., = 1.3978 (40), /)f = 1.3703 (41); 1.4301 (40), = 1.4297 

(41). — For 7)4 over range 80°-176° see (36).] 

Vapor characteristics. [For study of vapor pressure of C over range 85-180° see (42). 
— For study of volatility with steam see (43).] 

Cryoscopic constant. [Molal f.p. constant for C is 5.2° (for 1000 g. C) (44) (37); for 
studies on use of C as cryoscopic solvent sec (44) (45) (46) (47).] 

Association of C. [For studies on extent of association of C in CeHe soln. at 30° (11), 
in p-chlorotoluene (3:8287) (48), in liquid HF (49), in ether (33), or in water (1-9.7% C) 
(50) see indie, refs.] 

Heat of combustion. [For studies on heat of combustion of C see (51) (52) (53) (54) 
cf. (55).] 

Exchange reactions. [For study of behavior of C with D2O see (56); with H20^® see 
(57).] 

Adsorption of C by various adsorbents. [For studies on adsorption of C from aqueous 
solns. by various forms of carbon (58) (59) (60) (61) (62) (63) (64), by silica gel (60), by 
synthetic resins (65), by aniline black (66), by filter paper (67), by hide powder (68), by 
viscose (69), by Zr(OH}2 (70), or by Fe(OH)3 (71) see indie, refs ] 

[For studies on adsorption of C from nonaqueous solvents by wood charcoal (72) or 
from aqueous ale. by charcoal (73) or by casein (74) see indie, refs.] 

Distribution of C between solvents. [For data on distribution of C between aq. and 
ether at 18° (75) or at 25° (76) (77) cf. (81); between aq. and benzene at 25° (78) or at an 
imstatcd temp. (79); between aq. and toluene at 25° (78) (80); between aq. and isobutyl 
alcohol at 25° (80); between aq. and n-amyl alcohol at 25° (80); between aq. and isoamyl 
alcohol at 25° (80); between aq. and di-n-bulyl ether at 25° (5); between aq. and olive ml at 
25° and 37.5° (82) see indie, refs.] 

[For data on distribution of C between aq. and nitrobenzene at 25° (80); between aq. and 
mixts. of benzene nitrobenzene (83); between aq. and o-nitrotoluene at 25° (80) (84) see 
indie, refs.] 

[For data 6n distribution of C between aq. and CHClz (3:5050) at 25° (80) (85) (86); 
between aq. and CCU (3:5100) at 25° (80) (87) (85); between aq. and EtBr at 25° (80) (77); 
between aq. and CHBr^ at 25° (85); between aq. and Mel at 25° (80) (87) see indie, refs.] 
[For data on distribution of C between aq. and CS2 at 25° (85); between aq. MgSOi or 
K2S0[ solns. and dvmA>utyl ether at 25° (88) (5); between acetone and glycerol at 25° ( 89 ) 
see indie, refs.) 
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Binart Systems Containing C 

Azeotropic systems. [6 with mesitylene (1 : 7455) forms d const.-boilg. mixt., b.p. 162® 
at 760 mm., contg. 17 wt. % C (90); C with naphthalene (1:7200) forms a const.-boilg. 
mixt., b.p. 187.1® at 760 mm., contg. 78 wt. % 6 (91); C with o-cresol (1:1400) forms a 
const.-boilg. mixt., b.p. 187.5° at 760 mm., contg. 54 wt. % C (91).] 

[C with Ifl, 2, 2-tetrachloroethane (acetylene tetrachloride) (3:5750) forms a const.-boilg. 
mixt., b.p. 146.25° at 760 mm., contg. 1.8 wt. % C (91); C with pentacldoroethane (3:5880) 
forms a const.-boilg. mixt , b.p. 158.65® at 760 mm., contg. 9.9 wt. % C (91); C with hexor 
chloroethane (3:4835) forms a const -boilg. mixt., b.p. 171.2° at 760 mm., contg. 25 wt. % C 
(27); C with ly2,^tnchloropropane (3:5840) forms a const.-boilg. mixt., b.p. 154.5° at 
760 mm., contg. 10 wt. % (92).] 

[C with p-dichlorobenzene (3:0980) forms a const.-boilg. mixt., b.p. 167.55° at 760 mm., 
contg. 24.5 wt. % C (27); ,C with henzal {di)chloride (3:6327) forms a const.-boilg. mixt., 
b.p. 189.1° at 760 mm., contg. 97 wt. % C (93).l 

[C with bromohenzene forms a const.-boilg. mixt., b.p. 154.3° at 760 mm., contg. 11 
wt.% C (90); C with p-dihromobenzene forms a const.-boilg. mixt., b.p. 186.3° at 760 
mm., contg. 75 wt. % 6 (93) ] 

Other Physical Data on Binary Systems Containing C 

C -b aq. [C is very eas. sol. aq. (32); for study of hydration at low temps, see (94); 
for f.p. /compn. data see (23). — Data on density of aq. C is fragmentary but for D lo (40), 
Dit (95), and D\l (95) for certain concns see indie, refs. (cf. (96) (97) (98)). — For 
refractive indices of aq. solns. of C see (20) (40). — For study of soly. of aq. in C + CoHe 
see_(]05).] 

C -f H2SO4. [For densities, viscosities, and elcc. conductivity at 20°, 40°, and 60° 
over whole compn. range sec (12); for f.p./compe. data over range 46-100% C (no com- 
pound is formed) see (18).] 

C -f- acetic acid. (1.1010) [For fp /compn. data and diag., eutectic m.p. —4.0°, 
contg. 22 mole % C, sec (99) cf. (1(K)) (103).] 

C 4- dichloroacetic acid (3:6208). [For fp. /compn. data (100), eutectic m.p. —10.5° 
contg. 30.7 mole % C (101), see indie, refs.] 

C 4- trichloroacetic acid (3:1150). [For f.p. /compn. data (100), eutectic m.p. 17.6° 
contg. 48.5 mole % C (101), see indie, refs.] 

C 4- miscellaneous organic compds. of Order 1. [For f.p. /compn. data on following 
systems see indie, refs: C 4- CaHe (1 : 7400) (103); C 4" naphthalene (1 : 7200) (99) (17) (20); 
C-h phenol (1:1420) (17) (16) (102); C o-cresol (1:1400) (16) (102); C + m-cresol 
(1:1730) (16); C 4- p-cresol (1:1410) (16); C 4- a-naphthol (1:1500) (16); C 4- fi-naphthol 
(1:1540) (16); C + thymol (1:1430) (16); C g^Mtacol (1:1405) (16); C + cetyl ale. 
(1:5945) (99); C 4” meso-erythritol (1:5825) (14); C 4- benzoic acid (1:0715) (100); C 4“ 
o-toluic add (1:0690) (100); C 4- m-toluve acid (1:0705) (100); C 4- p-toluic acid (1:0795) 
(100); C 4" phenylacetic acid (1:0665) (100), C 4- cinnamic add (1:0735) (100); C 4" cro^ 
tonic acid (1:0425) (100); C dimethyl oxalate (1:0^16) {103); C -jr dimethyl snednate 
(1:3556) (103); C methyl dnnamaie (1:2090) (103); C + phenyl salicylate (“Salol”) 
(1:1415) (99); (? 4- jyiperonal (1:0010) (99) (104); € 4- vaniUin (1:0050) (104); C 4- aceUh 
phenone (1:5615) (104); € 4- benzil (1:9015) (104); C dibenzalacetone (1:9024) (104).] 

C -f miscellaneous compounds of Order 2. [For f.p. /compn. data on following system 
see indie, refs.: C 4- urea (19); C 4- ethyl carbamate {urethane) (19).] 
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Ternary Systems Containing C 

[For f.p. /compn. data and dilig. of following systems see indie, refs.: C (a-form) + phenol 
(1:1420) 4- naphthalene (1:7200) (17); C Oform) -f phenol (1:1420) -f naphthalene 
(1:7200) (17).l 

USE OF C IN FOODS AND BEVERAGES 

GeneraL [For discussion of use of C as fermentation and oxidn. inhibitor or stabilizer 
in fruit juices, carbonated beverages, etc. (sometimes as “ Esterex ” (106)), see (106) 
(107) (1CM5) (109) (110); for study of persistence of C in such use see (111); for patents on 
such use see (112); for studies of bactericidal action (113) or fungistatic props. (114) of 
C see indie, r^s.j 

Toxicity of C. [For studies on toxicity of C see (115) (116).] 

Detection and determination of U in foods and beverages. [For studies on detection 
and detn. of C in commercial preservatives (624), in non-ale. beverages (117) (118) or in 
wines (119) (120) cf. (117) see indie, refs.: for identification of C as BaA 2 (optical and 
crystallographic props.) see (121) (623).] 

PREPARATION OF C 

From acetic acid. [For prepn. of C from acetic acid (1 : 1010) by chlorination at 250- 
500^ without cat. (625), with CI 2 in sunlight (32), in light from Hg quartz lamp (122), in 
silent electric discharge (123), or more usually in presence of catalysts (123) (124) (125) 
especially sulfur (124) (126) (127) (128) (129), red P (123) (124) (130), iodine (!24), mixtures 
of red P + PCU + I 2 (123) (124) (125) (131) (132) (133) (134), or in acetic anhydride 
(138) (139) at 100® or in vapor phase over NiCl 2 at 350® (140) see indie, refs.] 

[For prepn. of C from acetic acid (1 : 1010) by chlorination with SO 2 CI 2 at 115-120° and 
4-5 atm. press. (135) or in pres, of a little acetyl chloride (136) or in presence of dibenzoyl 
peroxide in CCI 4 (70% yield (137)) see indie, refs.; for formn. of C from AcOH + HCl on 
electrolysis see (141).] 

From trichloroethylene. [For prepn. of C from trichloroethylene (3:5170) with cone. 
H 2 SO 4 at 190-195® see (142) (143) (144) (145) (146); for patents on this process see (147) 
(148) (149) (150) (151) (152) (153) (154). — Note also that H 2 SO 4 may be replaced by arom. 
sulfonic acids such as benzenesulfonic acid see (155). — Note also that a very similar 
process (156) starting from M/wj/w.-tetrachloroethane (3:5555) doubtless first involves 
loss of HCl to trichloroethylene.] 

From other chloro-compounds. C is also formed by appropriate oxidation of many 
suitably constituted chloro-compounds [e.g., for formn. of C from 1,2-dichloroethane 
(ethylene (di)chloride) (3:5130) with dry O 2 in u.v. light see (157)]. 

[For formn. of C by oxidation of unsaturated chloro-compds. see the following examples: 

1.2- <iichlorobutene-2, low-boilg. isomer (3:5360), high-boilg. isomer (3:5615) with KMn 04 
in acetone (158); l,4-dichlorobutene-2 (3:5725) with KMn 04 or O 3 (159); 1,2,4-trichloro- 
butene-2 (3:9062) with aq. KMn 04 (160); l,4-dichloro-2-methylbutene-2 (3:9204) with 
Os followed by KMn 04 (161); 4-chlorobutadiene-l,2 (3:7225) with aq. alk. KMn 04 (162); 

1.3- dichlorohexadiene-2,4 (3:9310) with aq. KMn 04 (163); 3,3,6-trichlorohexadiene-l,4 
(3:9308) with aq. KMn 04 (164); l,3,4,6-tetrachlorohexadiene-2,4 (3:9306) with aq. 
KMn 04 (164); 3,6-dichlorohexatriene-l,3,4 (3:9304) with aq. KMn 04 (164); l-chloro-5- 
methoxypentadiene-2,3 with aq. KMn 04 (165); ethyl 5-cMoropenten-3-oate with aq. 
KMn 04 (166); l-chloro-5-methoxy-6-phenylpentene-2 with KMn 04 in acetone (35); 
chloroacetylene (3:7000) with NaOCl (167).] 

[For formn. of C from ethylene chlorohydrin (3:5652) by oxidn. with CrOs (168); from 
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l-chloropropanol -2 (propylene o-chlorobydrin) (3:7747) by oxidn. with HNOs; from 1,3- 
dichloropropanol -2 (“ a-dichlorohydrin **) (3:5985) by oxidn. with cone. HNO3 (169) cf. 
(170) see indie, refs.] 

[For formn. of C from chloroacctaldehyde (3:7212) by oxidn. with cone. HNO 3 (171) 
cf. (172), AgOH (172) or dil. H 2 O 2 (173); from chloroacetone (3:5425) by oxidn. with 
KMn 04 (161) (174), CrOa (174), HNO 3 (174), (175); from l-chlorobutanone -2 (3:8012) 
by oxidn. with HNO 3 (176) (177) see indie, refs.] 

From aminoacetic acid (glycine). [For formn. of C from glycine with nitrous acid 
(40% yield (178)), with cone. HCl -h cone. HNO 3 (179), or from glycine hydrochloride 
with satd. aq. MgCla, CaCla, or ZnCla + NaNOa (180), see indie, refs.] 

From miscellaneous sources. [For prepn. of C from ketene with CI 2 in gas phase, 
CCI 4 , or dry ether, followed by aq. (181); from ketene with aq. Ca(OCl )2 (182); from for- 
maldehyde + CO + HCl gas at 180° and 800-900 atm. (183); for formn. of C from a- 
trioxymethylene with SO 2 CI 2 in pres, of ZnCk or AICI 3 in s.t. at 150° for 12 hrs. ( 2 ); from 
methyl formate ( 1 : 1000 ) with SO 2 CI 2 in s.t. at 165-170° ( 2 ); from ethylene with CIO 2 
(184); from nitro-trichloromethanc (“ chlorpicrin ”) in AcOH on exposure to light (185) cf. 
(186) (187) (188).] 

[For formn. of C from af,/3-dichlorovinyl ethyl ether (3 : 5540) on boilg. with excess aq. 
see (189) (note, however, that with calcd. amt. aq. ethyl chloroacetate (3:5700) results 
(190)); for formn of C from unsyw.-tctrachloroacetone (3:6085) by hydrolytic cleavage 
with aq. KOH see (191).] 

[For formation of C from its own derivatives, e.g., chloroacetyl chloride (3:5235), chloro- 
acetio acid anhydride (3 : 0730), methyl chloroacetate (3 : 5585), ethyl chloroacetate (3 : 5700), 
or other esters, etc., see these compds.] 


CHEMICAL BEHAVIOR OF C 

Pyrolysis of C 

[C on distn. through a red-hot tube decomposes giving (192) HCl -f- CO + CH 2 O 
(1:0145) + «ym.-dichlorodimethyl ether (3:5245). — C at 250-340° over Th02, kaolin, or 
animal charcoal gives (193) HCl + CO -f CO 2 , but C merely boiled with activated car- 
bon undergoes no decomposition (194).] 

[C on htg. in tertiary bases such as dimethylaniline (195) or pyridine (196) decomposes 
into CO 2 + MeCl (3:7005), undoubtedly by way of formn. and decompn. of intermediate 
quaternary ammonium compds. (betaines) (196).] 

[C in dry ether or CeHe soln. on exposure to ultra-violet light decomposes giving (197) 
HCl + fumaric acid (1:0895) + a substance which on shaking with aq. yields glycolide 
(1:0667).] 

Reduction op C 

[C on reduction in aq. or aq. ale. alk. with H 2 in pres, of Pd or Ni (198) (199) (200), 
or C with chromous sulfate (201), or C with finely divided Fe (202), or C in aq. EtOH in 
ultra-violet light (203), or C on electrolytic reduction (204) gives acetic acid (1 : 1010). — 
Note, however, that attempts to effect bimolecular hydrogenation of C to succinic acid 
have been unsuccessful (205).] 

Oxidation of C 

[C on oxidn. with K 2 S 2 O 8 gives (206) methylene (di)chloride (3:5020); for study of 
oxidn. of C to CC )2 with K 2 S 2 O 8 see (207). — C (as NaX.) on electrolysis gives (208) cf. 
(209) methylene (di)chloride (3:5020), chloromethyl chloroacetate [Beil. 11-198, II 2 - 
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(103)], and other prods. — For study of photochemical oxidn. of C with KMn04 in pres, 
of uranyl salts see (210).] 

Reactions Involving Substitution op H Atoms op Alkyl Radical op C 

Fluorinatioii. The behavior of C with F2 appears not to have been studied: chloro- 
fluoroacetic acid is unknown; chloro-difluoroacetic acid [Beil. 11-201 J although known has 
been prepd. from difluoroacetic acid by chlorination. 

Chlorination, [C with Ci2 (211) in pres, of I2 (212) gives dichloroacetic acid (3:6208) 
very likely accompanied by some trichloroacetic acid (3:1150).] 

Bromination. [C with Br2 at 160'' is claimed (213) to give chloro-bromo-acetio acid 
[Beil. 11-217, Il2-(204)], but this is best prepared by other means, eg., from a,^-dichloro- 
vinyl ethyl ether (3:5540) by addn. of Br2, conversion by distn. to chloro-bromo-acetyl 
chloride, and hydrolysis (214) (41) (215) (216). — Note that although dibromination of 
C to chloro-dibromo-acetic acid [Beil. 11-220] appears unreported, yet this product is 
obtd. by other means cf. (217) ] 

Sulfonation. [C with CISO3H on warming (218) or C with SO3 finally at 70° (219) cf. 
(220) gives sulfo-chloroacetic acid [Beil. III-598, HIi-(208), IIl2-(387)], hygroscopic ndls. 
of monohydrate from aq., m.p. 83® (219) (corresp. bis-acid chloride, oil, b.p. 70® at 3 mm., 
Z>i? - 1.669, riD = 1.4920 (121); corresp. A^,A^,A',A'-tetraphenyldiamide, m.p. 210® 
(121)), accompanied (218) (220) by some chloromethanedisulfonic acid (chloromethionic 
acid) [Beil. 11-25]. — For resolution of (i,^-sulfochloroacetic acid see (219).] 

Miscellaneous substitution reactions. [C (as KA) on boilg. with aq. gives (222) the 
salt of chloromercuri-chloroacetic acid which with either acid or alk. gives glycolic acid 
(1:0430).] 

Reactions Involving the — COOH Group op C 
Acidic Strength of C 

C behaves as a very strong monobasic acid; Nout. Eq. == 94.5. — [Ionization const, of 
e in aq. at 25® is 1.55 X lO"® (223) (224), 1.51 X 10"* (224) (225), 1.396 X 10"^ (226), 
1,378 X 10“® (227). — For examples of other studies of ioniz. const, of C 111 aq. see (228) 
(229); for study of temp, variation of ioniz. const, in aq. over range 0-40° see (227) (230); 
for H"*" cone, of C in aq, solns. (75), in aq. solus, of KCl or NaCl (231) (234), or in buffer 
mixts. of C 4- NaA (232) (233); for studies of elec, conductivity of C in aq. soln. at 0® 
(235), at 60° (236), at 62.5® (45), or over range 0-78® (4) see indie, refs. — For discussion 
of resonance and acid strength of C see (237) (238) (239). — For study of “ sourness ” of 
C from taste aspect see (252).] 

[Studies of acid strength of C in other solvents include the following: in EtOH (240) (241), 
in n-BuOH (24) (242), in 60% methyl “ cellosolve ” (ethylene glycol monomethyl ether) 
(243), in ?n-cre8ol (242), in ether (244), in formamide (245), in acetonitrile (246), in CftHe 
(247), in chlorobenzene (248), or in CIICls (244). — For studies on electrometric titration 
of C in CeHe (249), or use of indicators with C in CeHe soln. (250), see indie, refs. — For 
studies of elec, conductivity of C in MeOH, EtOH, BuOH, acetone see (251).] 

Catalytic Effect of C upon Various Reactions 

The catal3rtic influence of C upon diversifi^ types of chem. reaction has been extensively 
examined; ^though this matter cannot be recorded exhaustively, the following examples 
are cited. 

[For studies of catalytic effect of C upon the inversion of f-menthone to d-isomenthone 
in CeHe (253) or in chlorobenzene (254); upon racemization of methyl-phenyl-acetophenone 
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and of isobutyl-phenyl-acctophp.none in various solvents (255); upon I2 /acetone reaction 
(224) (234) (266) (257) (232); upon hydrogen disproportionation of limonene (622) see 
indie, refs.] 

[For studies of catalytic effect of C upon the hydrolysis of ethyl formate in neutral salt 
solns. at 25“ (258); of EtOAc (259) (235) in pres, of NaA or NaCl (259) (225); of sucrose 
(260) (261) see indie, refs.] 

[For studies of catalytic effect of C upon formn. of ether from ethyl alcohol (262); upon 
depolymerization of paraldehyde (273) or of dimeric dihydroxyacetone (263); upon bromi- 
nation of ethyl acetoacetate (264) see indie, refs.) 

[For studies on catalytic effect of C upon nitration of toluene (265) (266) ; upon decompn. 
of ethyl diazoacetate in CeHe (25.3) (267); upon decompn. of nitramide (268); upon rearr. 
of A-chloroacetanilide in chlorobenzene soln. at 100“ (269); upon rearr. of A^-bromoacetani- 
lide in chlorobenzene, CeHa, or ethylene (di)chloride (270); upon rearr. of A^-iodoformanilide 
in aiiisole (271); upon rearr. of A-bromobenzanilide in chlorobenzene at 25“ (272) see indie, 
refs.] 

Salts of C 

This topic cannot be exhaustively treated here but following examples are cited. 

Salts with inorganic bases. [NH4A, from C in abs. ale. with dry NH3 gas (274). — 
Hydroxylamine salt, HONH3A, cryst. from boilg. ale., ro.p. 124-125“ (275).] 

[NaA on electrolysis gives (208) (209) methylene (di)chloride (3:5020), chloromethyl 
chloroacctate [Beil. 11-198, ll2-(193)], and other prods.; on htg. gives (276) polyglycolid, 
for rate of decompn. by aq. see (277). — KA, 3II2O (32); KA.1^2H20 (32) (277) (for study 
of rate of decompn. by aq. see (277)); KA.C, sparingly sol. aq. (32). — AgA, spar. sol. 
cold aq., more readily in hot aq. (32); for soly. in HNO3 see (278); dry htg. gives (279) 
AgCl + polyglycolid; on htg. with a little aq. gives (279) AgCl + glycolic acid; for prepn. 
and study of activity coefficient in pres, of electrolytes see (280); for sensitivity to light 
see (281).] 

[BeA2, see (293); MgA2.2H20, very sol. aq. or ale. (277); CaA2.H20, very sol. aq. or ale. 
(277) (for use in eel worm control in soil see (282)); SrA2, spar. sol. aq. ale. (277); BaA2.H20 
(32) (277) (293) (for use in detn. of C see (121) (623)); CuA2, 4H2O (274), CUA2.3H2 O (283), 
CuA 2 (274) cf. (284); for study of electrolysis see (285) for dissoc. see (288); for various 
complexes with NH3 and amines sec (286) (287). — ZnA2.2(4?)H20 (274). — CdA2.6H20, 
for prepn. (289), crystallography (290), dissociation (288), and conductivity (291) see 
indie, refs. — PbA2, spar. sol. cold aq. (274). — HgA2, spar. sol. aq. (292). — Hg2A2, spar, 
sol. aq. (292).] 

[AIA3, see (293). — MnA2.C.H20 (274); MnA2.C.2H20 (274); MnA2.1.5H20 (289).— 
C0A2.6H2O, m.p. 68-69“ (289), for study of complexes with pyridine see (294). — NiA2, 
3H2O (274), for complexes with various amines see (295). — For studies on complexes of , 
C with iron salts see (274) (296) (297).] 

Salts with organic bases (amines). [Aniline chloroacetatey m.p. 88® (298) (best from 
C in dry ether treated dropwise with aniline in dry ether with cooling (299); note that 
this salt with P2O5 on stdg. gives (299) co-chloroacetanilide, m.p. 136° cor.). — o^Toluidine 
chloroacetatef m.p. 95° (300). — ji-Toluvdxne chloroacetaie, m.p. 97.5° (300) (note that this 
salt at 80-90° for 2 hrs. (301) or with P2O6 (302) gives chloroaceto-p-toluidide, m.p. 164° 
(302)).] 

a-Phenylethylamine chloroacetatef from C -p base in EtOAc, m.p. 93.6-94.4° u.c., 94.7- 
95.5° cor. (303). — Benzylamine cMor acetate ^ from C + base in EtOAc, m.p. 118.4-119.4° 
U.C., 119.9-120.9“ cor. (303) (note that this m.p. is practically identical with corresp. 
benzylamine salt of trichloroacetic acid (3:1150) q.v.). — Piperazine bis^ichloroacetate), 
m.p. 145-146° cor. (304). — Semicarhazide chloroacetatef m.p. 111-112° (305). 



3:1370 


CHLOROACETIC ACID 


180 


Phenylhydrazine chlorocLceialef from C with phenylhydrazine in CeHo) m.p. Ill" (306) 
(note that this product is definitely the salt since on titration with alk. it gives Neut. Eq. 
^4.7 as against calcd. value of 202.6 (306); however, during detn. of m.p. it is undoubtedly 
converted to chloroaceto-phenylhydrazide, m.p. 116° (307), directly obtd. from chloroacetyl 
chloride (3:5235) with phenylhydrazine in ether (307)). 

Behavior of Acidic Hydrogen of G wUh Metals 

[For study of rate of soln. of Mg in aq. solns. of C see (308); for behavior of C with Zn 
see (309); for study of 20% aq. solns. of C on silver see (310).] 

Esterification of C 

This book includes the following esters of C under their own individual numbers q.v.: 
methyl chloroacetate (3:5585), ethyl chloroaeetate (3:6700), tir-propyl chloroacetate (3:0565), 
isopropyl chloroacetate (3 : 8160), n^butyl chloroacetate (3 : S530) yisobutyl chloroacetate (3 : 8375) 
sec-hutyl chloroacetate (3:8350), ter-bvtyl chloroacetate (3:8220), ethylene glycol {mono)- 
chloroacetate (3:6780), ethylene glycol bis- {chloroacetate) (3:0720), ^-methoxyethyl chloro- 
acetate (3:9285), diethylene glycol {mono)chloroacetate (3:9390), tnethylene glycol {mono)- 
chloroacetate (3:9588), and phenyl chloroacetate (3:0565). 

[For studies of rate of esterification of C under various conditions with MeOH (1 : 6120) 

(311) (312) (313) (314) (315), with EtOH (1:6130) (312) (313) (1) (316) (317) (318), with 
isobutyl ale. (1:6165) (319) (320), with amyl ale. (313), or with neopentyl ale. (1:5812) 
(321) see indie, refs. — For studies on esterification of C with alcohols by BFa method 

(312) (322) or without cat. (328) see indie, refs.] 

[For patents involving esterification of C with ales. (323) by use of CI2 (324) see indie, 
refs.] 

(For study of use of C in esterification of various carbohydrate derive. (325) or of cellulose 
(326) cf. (327). — Note that the chemistry of poly (vinyl chloroacetate) cannot be con- 
sidered here.] 

Addition Reactions of C with Organic Compounds 

Addition to unsaturated linkages. C in presence of suitable cat. adds to unsaturated 
linkages giving the corresp. esters [e.g., C with propylene + BP3 at 60-70° gives (34.2% 
yield (329)) isopropyl chloroacetate (3:8160); C with butene-2 -f- ZnCb at 100° for 8 hrs. 
gives (330) scc-butyl chloroacetate (3:8350); similarly C with pentene-2 (1:8215) gives 
(330) diethylcarbinyl chloroacetate, b.p. 177-178°. — Note, however, that no record can 
be found of reaction of C with ethylene to give ethyl chloroacetate (3:6700)]. 

[C with n-butylacetylene (hexyne-1 ) (1 : 8055) in pres, of HgO -f MeOH + BFs.EtaO 
* gives (68% yield (331)) 2-(chloroacetoxy)hexene-l, b.p. 100-101° at 20 mm., Z>?? = 1.017, 
nD 1.4453 (331). (For addition of Br2 to this prod, giving 67% yield 1-bromohexanone- 
2 + 21% yield chloroacetyl bromide see (334)).] 

Addition to epoxy compounds. [C with ethylene oxide (1 : 6105) in dry ether at 0° for 
4 days (332) or at 50° under press, for 6 days (333) gives ethylene glycol mono (chloroacetate) 
(3:6780).] 

Conversion of G to Corresponding Acyl Halides 

Conversion of C to chloroacetyl fluoride. [C on distn. with fluorosulfonic acid (335) 
or C with KF + benzoyl chloride (3:6240) (336) gives (yields: 30% (336), 15% (335)) 
chloroacetyl fluoride, b.p. 74° (335), 74-76° (336).] 

Conver^don of C to chloroacetyl chloride. [C can by numerous methods be converted 
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to chloFoacetyl chloride (3 : 5235 ) q.v. — Note also, however, that C with large excess 
PCls (4 moles) gives (337) tetrachloroethylene (3 : 5460) and other products.] 

Conversion of U to chloroacetyl bromide. [C with Bra + red P (338) (339) or with PBra 
(340) gives chloroacetyl bromide, b.p. 127° (338) (340), - 1.840 (340).] 

Conversion of C to Corresponding Anhydride 

C can by numerous methods be converted to chloroacetic acid anhydride (3 : 0730) q.v. 

Rbactions Involving the Chlobine Atom of C 
Reduction of C 

See above as second heading under chemical behavior of C. 

Hydrolysis of C (or Us salts) 

Hydroljrsis of C to glycolic (hydroxy acetic) acid (1:0430) together with the formn. 
under certain co^itions of diglycolic acid (1:0495) has been very extensively studied. 

Hydrolysis of C (or its salts) with aq. C on protracted boilg. with aq. (341) (342) (343) 
or C (as NaA or KA) on boiling with aq. (32) (344) (277) or C with aq. BaCOs (followed 
by pptn. of barium with H2SO4 (345)) gives (88.7% yield (345)) glycolic acid (1:0430). 

(For studies on rate of hydrolysis of C by aq. under various conditions (626) (342) (343) 
(346) (347) (348) (349) (350) (351); for study of influence of ultra-violet light (352) (353) 
(354) (355); for influence of temperature (356); for study of ord. and in heavy aq. (357); 
for heat of hydrolysis with aq. (358); for study of abnormalities of hydrolysis of salts (359); 
for study of induction period of hydrolysis (360) (383); for acceleration of hydrolysis by 
colloidal Ag, Ag20, or CuO (349) sec indie, refs.] 

[For studies of quantum yields of hydrolysis of C and use as standard see (361) (362) 
(363) (364) (365M366) (367) (353).] 

Hydrolysis of C (or its salts) with alkalies. C on hydrolysis with aq. alkalies also gives 
glycolic acid (1:0430) [for studies of this reaction see (368) (342) (346) (369) (370) (350) 
(371) (351) (372) (373); for studies of hydrol. of NaA by salts of weak acids (374), for 
study of basic catalysts (375), for effect of high press. (376) see indie, refs.] 

(For patents on conversion of C to glycolic acid (1 : 0430) by alkaline hydrolysis see (377) 
(378); note, however, that the glycolic acid so formed may be converted (379) to glycolid 
(1:0667).] 

Note also that under the influence of the alkaline medium some of the glycolic acid 
first formed may condense with unreacted C to give diglycolic acid (1 : 0495) : for studies 
of this aspect of the reaction see (380) (381) (382). 

Behavior of C wUh NaSH or Its Relatives 

[C with aq. 15% KSH (384) or with freshly prepd. aq. 15% NaSH (385) at 95° for 1 hr., 
subsequently acidified with H2SO4 and extracted with ether, gives (99% yield (385)) 
mercaptoacetic acid (thioglycolic acid) [Beil. I1I-244, lIIi-(95), IIl2-(175)], b.p. 107-108° 
at 16 mm. (384) (385), m.p. - -16.5° (384), Dig = 1.3263 (384). — Note that this prod, 
is also preparable by many other methods some of which are cited below.) 

[C (2 moles) as NaA with NaSH as directed (386) (387) (388), or as KA with KSH (389) 
(390), or as NaA with potassium sulfantimonite (391) or sodium sulfostannate (391), or 
as C^2 with excess Ca(SH)2 + H2S (381) gives (84% yield (387)) thiodiglycolic acid 
(thiodiacetic acid), S(CH2COOH)2 [Beil. III-253, IIIi-(97), IIl2-(178)], cryst, from 
AoOEt/CeHe (1:9) (388) m.p. 130° (388), 129° (387) (386).] 
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[C (2 moles) as NaA with aq. Na2S2 (392) (393) (394), with alk. or alk.-earth polysulfides 
(402), with sodium sulfantimonate Na3SbS4 (391) or sodium sulfarsenate Na3AsS4 (391) 
gives dithiodiglycolic acid, HOOC.CHr- S— S— CH2COOH [Beil. 111-254, IIIi-(97), 
IIl2-(179)], Ifts. from AcOEt/CeHe (1:9) (388) 108-109° (391), 106° (388). — Note that 
this prod, on reduction gives mercaptoacetic acid (above) : e.g., for reduction with Sn -f 
HCl (395), with Zn -j- H2SO4 (393) (396) (401) (402), with Na/Hg (397), by electrolytic 
reduction in H2SO4 soln. using Pb electrodes (398), by shaking soln. of sodium salt with 
Fe powder at 38° under N2 (399), or by shaking with alanine or phenylalanine in 1% soln. 
in pres, of active carbon at 38° under N2 (400) see indio. refs.] 

Behavior of C mth Various Salts of Inorganic Adds 

(For behavior with NaCN, etc., see further below.) 

With halides. [C with HBr. 51120 in s.t. at 150° gives (403) bromoacetic acid [Beil. 
11-213, IIi-(95), Il2-(201)], m.p. 49-50°, b p. 208°; however, C in aq. KBr at 50° shows 
only very slight tendency to formn. of bromoacetic acid (for study of equilibrium see 
(404)).] 

[C with aq. KI at 50° (405) (406), or C with Nal in acetone at room temp. (407) (or 
in ethyl methyl ketone, diethyl ketone, or AcOEt (407) but not in EtOH (408)) gives iodo- 
acetic acid, cryst. from much pet. ether (405) (409), m.p. 83° (405), 82° (406); for study of 
equilibrium of C with KI in aq. at 50° see (404); of C with KI or Nal in acetone (ionic 
reaction) see (410).] 

With salts of inorganic sulfur, nitrogen, or phosphorus acids. [C with aq. Na2S03 
gives (41) (412) salts of sulfoacetic acid [Beil. IV-21, IVi-(312), 1V2-(531)]; for study of 
rate of reaction of KA with Na2S03, K2SO3, or (NH4)2SOj under various conditions see 

(214) (413).] 

[The salts of C with aq. Na2S203 give the corresp. salts of “ glycolic acid thiosulfate " 
(carboxymethyl hydrogen sulfate) [Beil. III-235, llli-(97), IIl2-(171)]; for studies of this 
reaction see (414) (415) (416) (417) (418).] 

The alkali salts of C with aq. alkali nitrites give the corresp. alkali salts of nitroacetic 
acid; in fact from a cone. aq. soln. of the potassium nitroacetate, treatment with the calcd. 
amt. of cone. HCl and extraction with much ether gives (70% yield (419)) (420) free nitro- 
acetic acid [Beil. 11-225, IIi-(99), Il2-(207)], m.p. 87-89° d(ic. (420). — However, even 
aq. solns. of the alkali salts of nitroacetic acid on warming readily lose CO2 yielding nitro- 
methane [Beil. 1-74, Ii-(19), l2-(40)], b.p. 100.80-100.86° at 760 mm. (421), f.p. -29.2°, 
= 1.1322 (421), nf> == 1.38056 (421), and although this product is now commercially 
available from other sources, the reaction is of considerable interest in connection with 
C. — [For studies on the prepn. of nitromethane from KA + KNO2 (yield 47% (422)) 
(423) (424) or from NaA + NaN02 (yields: 70% (428), 58% (426), 53% (429) (430) (431), 
35-38% (425)) see indie, refs. — For studies on rate of decompn. of nitroacetic acid in aq. 
soln. at 20° (432), in HCl, or in acetate buffered solns. at 17.84° and 9.78° (433) cf. (434) 
(435) (436) see indie, refs.] 

[The behavior of C with NaNa appears to be unreported; note, however, that ethyl 
chloroacetate (3:6700) with NaNs gives (437) ethyl azidoacetate [Beil. 11-229, IIi-(lOl), 
Il2-(208)], which upon hydrolysis with aq. KOH gives (437) azidoacetic acid.] 

[For behavior of C with aq. Na3P04 at 85° see (438).] 

Behavior of C wUh Hydrocarbons 

C with certain aromatic hydrocarbons or their halogen derivs. at elevated temp, but 
without cat. condenses with elimination of HCl to give arylated acetic acids [e.g., C with 
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naphthalene (1:7200) at 180-185° for 48 hrs. gives (439) o-naphthylacetic acid (1:0728); 
C with l-chloronaphthalene (3:6878) in generally similar fashion gives (439) 1-chloro- 
naphthalene-?-a(!etic acid, m.p. 124°: for generally analogous behavior of C with ace- 
naphthene, anthracene, fiuorciie, and even certain phenols and amines see (439).] 

Behavior of Chlorine Atom of C wUh Organic OH and SH Reactants 

With alkozides. C with excess alkali alkoxides condenses with elimination of alkali 
chloride to give the corresponding alkoxyacetic acids [e.g., C with MeOH /NaOMe (440) 
(441) or probably also MeOH/Ba(OMe )2 cf. (442) gives methoxyacetic acid (1:1065); 
C with abs. EtOH/NaOEt (2_ moles) gives (yields: 93% (441), 90% (443), 74% (444)) 
ethoxyacetic acid (1:1070); C with NaO-n-Pr in n-PrOH gives (64% yield (445)) n- 
propoxyacetic acid [Beil. 111-233, Illr(90), lll2-(170)], b.p. 123° at 26 mm. (446), 108® at 
10 mm. (445), 1^“ = 1 0518 (446), ng = 1.42249 (446); C with NaO-n-Bu gives (84% 
yield (445)) (447) n-butoxyacetic acid [Beil. lIli-(90), lll2-(170)], b.p. 115-116° at 10 mm. 
(445), 113-114° at 9-10 mm. (447), IJrf = 1.0243 (447), = 1.42634 (447); C with Na 

isobutylate gives (441) isobutoxyacetic jicid [Beil. lll-23;3, llIi-(90)], b.p. 118° at 18 mm. 
(44^,114° at 9 mm. (447),/^® = 1.0074 (447), nfj = 1 .42004 (446) ; for analogous behavior 
of C with sodium derivs. of n-amyl ale. (1:6205) (445), n-hexyl ale. (1:6230) (445), n~ 
hcptyl alo. (1:6240) (445) (448), n-octyl ale. (1:6255) (445), octanol-2 (1:6245) (448) cf. 
(449), geraniol (1:6270) (448), 1-menthol (1:5940) giving (yields: 78-84% (450), 78% 
(451), 75% (452)) 1-mcnthoxyacctic acid [Beil. VIi-(25)], m.p. 53-54° (452); benzyl ale. 
(1 :6480j giving (75% yield (453)) (448) benzyloxyacetic acid; etc., see indie, refs.) 

With alkali salts of mercaptans. C with alkiili salts of mcrc^aptans should give the 
corresp. alkylthioacctic a<!ids, but for the most part these have been prepd. by alkylation 
of mercaptoacetic (thioglycolic acid). — [C (as NaA) with NaSMe should give methyl- 
mercaptoacetic acid [Beil. JIl2-(177)], b.p. 130-131° at 27 mm. (454), 122-123° at 20 mm. 
(455), l4o - 1.223 (454), nf? = 1.495 (454), but this prepn. has not been reported, the 
product having generally been obtd. (454) (455) from sodium thioglycolate by methylationj. 
— C (as NaA) with NaSEt in cone. aq. soln. followed by acidification gives (456) ethyl- 
mercaptoacetic acid [Beil. III-248, IIli-(95)l, b.p. 117-118° at 11 mm. (456), 118-119° at 
10 mm. (455), m.p. —8.7° (456), Z> 4 ® = 1.1497 (456). — Note that n-propylmercaptoacetic 
acid, b.p. 136.5-137° at 18 mm. (455), 132° at 15 mm. (454), L^o = 1.109 (454), n|? = 
1.48^3 (454), and isopropylmercaptoacetic acid, b.p. 128° at 13 mm. (454), 124-125° at 
9 mm. (455), have been reported only by alkylation of thioglycolic acid. — However, C 
(as NaA) with Na-S-n-C 4 H 9 in aq. soln. gives (yields; 90% (457), 87% (458)) n-butyl- 
mercaptoaccti(; acid, b.p. 144-145° at 14 mm. (455) (corresp. p-bromophenacyl ester, m.p. 
95° (458)); for constants on the isomeric isobutyl (455) (459), sec.-butyl (455), and ter- 
butyl (460) mercaptoacetic acids prepd. by other means see indie, refs. — C (as NaA) 
with NaS-n-CyHis gives (461) n-heptylmcrcaptoacetic acid.] 

With phenols. C (jis NaA) with salts of phenols, or often C with phenols in aq. alk. 
soln., reacts to give the corresp. aryloxyacetic acids; this procedure comprises a valuable 
tool for derivatization in the identification (462) of phenols. Although the products of 
reaction of C with all possible phenols cannot be recorded here, attention is directed to 
the 44 aryloxyacetic acids derived from phenols of Order 1 comprising the summary on 
page 641 of the “ Tables of Order 1 ** (464), and to analogous aryl oxyacetic acids occur- 
ring in this present book as follows: o-chlorophenoxyacetic acid (3 : 4260) ; m-chlorophenoxy- 
acetic acid (3:3325); p-chlorophenoxyacetic acid (3:4375); 2,4-dichlorophenoxyacetic 
acid (3:4095); 2,4,6-trichlorophenoxyacetic acid (3:4335). Many other individual 
cases which cannot be mentioned here may be found by the usual search methods. 
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Behavior of C with Salts of Organic Acfds 

With NaCN, KCN, etc. [C on conversion to NaA and reaction with aq. NaCN (466) 
(466) (475) (476) or KCN (467) (468) (469) gives (yields: 75% (469), 70% (468)) cyano- 
acetio acid (malonic acid mononitrile) [Beil. 11-583, IIi-(253), Il2-(530)1, m.p. 69-70° (468), 
69° (470), 66.1-66.4° cor. (467), 65-66° (471), 65° (472) (473); for use of this reaction in 
prepn. of malonic acid (1:0480) see (476).] 

Note, however, that the behavior of C or its salts with KSCN, NH4SeN, alkali xanthates, 
etc., is both complex and disputed and cannot be detailed here. 

Behavior of € with NHz 

0 with NHs under various conditions gives aminoacetic acid (glycine) [Beil. IV-^SS, 
IVi.(462),IV2-(77])]. 

[For behavior of C with cone. aq. NH4OH as method of prepn. of glycine (yields; 66- 
69% (477), 64-65% (478), 54% (479), .50% (480)) (481) (482) (486) (for numerous older 
refs, see Beilstein) see indie, refs.: for extensive studies on influence of conditions on this 
reaction see (483) (477); for study of rate of ammonolysis of C see (484) (485). — For 
behavior of C with liq. NH3 see (487), note that C in liq. NH3 with Na splits out calcd. 
amt. NaCl and that no cyanide is formed (488). — For behavior of C with (NH4)2C03 see 
(483) (477) (489).] 

[Note that reaction of C with NH3 does not stop with formn. of aminoacetic acid (glycine) 
but that unchanged C reacts with the latter to give (489) (490) (480) iminodiacetic acid 
(“ diglycolamidic acid ^*) HN(CH2COOH)2 [Beil. IV-365, IVi.(48l), IV2-(800)], and/or 
trimethylamine-a,a',a"-tricarboxyhc acid C* triglycolamidic acid ”) [Beil. IV-369, IVi- 
(482), IV2-(801)], also obtd. from C on fusion with ZnCl2/NH3 (492).] 

Behavior of C with Organic Amines 

With primary aliphatic amines. [C with MeNH2 as directed (497) gives (methylamino)- 
acetic acid (iV-methylglycine = sarcosine) [Beil. IV-345, IVi-(468), IV2-(784)], but this 
prod, is usually prepd. in other ways. — Note, however, that C (2 moles) with MeNH2 
(1 mole) -|- excess aq. NaOH gives (63-71% yield (493)) (494) methyliminodiacetic acid, 
CH3N(CH2C00H)2 [Beil. IV-367, IV2-(800)], cryst. from aq. MeOH, m.p. 226-227° dec. 
(495), 226° dec. (496).] 

[C with excess aq. EtNH2 as directed (498) gives ethylaminoacetic acid (iV^-ethylglycine) 
[Beil. IV-349, IV2-(787)], m.p. 180-182° dec. (499), 181.5° dec. (500). — The_ homologous 
JNT-alkylglycines appear never to have been prepared from similar reaction of C with alkyl- 
amines, but for prepn. of N-(n-propyl)glycine [Beil. IV-3521, m.p. 196-198° dec. (499), 
N-(isopropyl)glycine [Beil. IV2-(787)], iV'-(w-butyl)glycine, m.p. 192° (501), A"- (isobutyl )- 
glycine, m.p. 188° (501), or A-(ri-amyl)glycine, m.p. 201° (501), by other methods see 
indie, refs.] 

With secondary aliphatic amines. [C with aq. Me2NH (502) (29) for 4 hrs. at 55° under 
press. (503) or vrith aq. NaOH (504) as directed gives (yield Na salt 53% (504)) dimethyl- 
aminoacetic acid (A,A-dimethylglycine) [Beil. IV-346, IVi-(469), IV2-(785)], m.p. 177- 
182° (29), 176-178° (503) (for prepn. of this prod, from glycine with ^rmic acid + formalde- 
hyde see (505)). — C with Et2NH similarly gives (506) A,A-diethylglycine [Beil. IV-360, 
IVi-(472)].] 

With tertiary aUphatic amines. [C with MesN (507) or C (as NaA) with MesN (508) 
gives betaine hydrochloride (CH3)3N(Cl).CH2COOH [Beil. IV-347, IVi-(470), IV2-(786)].] 

With primary aromatic amines. (See also below under (©’s.) [C with aniline in a little 
ether boiled with a large volume of aq. (509), cf. (511), or C with aniline (3 moles) boiled 
with aq. and subsequently made alkaline (510), or best C with aq. aniline heated in presence 
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of an acid acceptor such as aq. NaOH <512), aq. NaOAc <573) cf. <514), or other alkali or 
alkaline-earth hydroxides or carbonates <515) <516) <517) <518) <519) gives (yields: 100% 
<514), 90% <510), 86% <512)) phenylaminoacetic acid (iV-phenylglycine) [^U. Xll-468, 
XIIi-(263)], m.p. 127° (note that if htd. at 200°, however, bimolecular condensation occurs 
with elimination of 2H2O and formn. <520) <521) of lV',lV^'-diphenyl-2,5-diketopiperazine, 
m.p. 263° <520) <521) while distn. causes loss of CO2 giving <522) i^-methylaniline). — 
Note also that reaction of C with 2 moles aniline <523), or further reaction of C with N- 
phenylglycine (above) in aq. alk. <524) <525) <514) <626), gives (yields: 80-85% <526), 
50-60% <525)) phenylimino-diacetic acid, C6H5N(CH2COOH)2 [Bed. XII-480, XIIi- 
(265)], m.p. 152-155° dec. <526). — Note ^o that reaction of C with aniline in pres, of 
NaOAc gives <525) much AT-phcnylglycine anilide, C6H6NHCH2CONH.C6H6 [Beil. XII- 
556], m.p. 112°^] 

[Note that C with many other primary aromatic amines reacts in analogous fashion, 
but details cannot be included here because of lack of space.] 

With primary aromatic diamines. [C with o-phenylenediamine in dry ether forms <327) 
a 1 : 1 cpd. presumably to be regarded as salt. — However, C (1 mole) with o-phenylenedia- 
mine (1 mole) in 4 jY HCl refluxed (528) for 45 min. and allowed to stand overnight <529) <530) 
gives (yields: 80-85% <529), 78-86% <530)) 2-(chloromethyl)benzimidazole, ndls.from 
EtOH/AcOEt <528), pr. from dioxane (529) or dry acetone <530), m.p. 165° <529), 160- 
161° <528), 159-160° cor. <530); note that value is sensitive to rate of htg. (529) <530). — 
For studies of behavior of this product with many amines <529) (530), with aq. <530), KI 
in acetone <530) (531) see indie, refs. — For general study of ortho condensations leading 
to benzimidazole formn. see (532).] 

With hydrazines. [C (1 mole) with phenylhydrazine (2 moles) in boilg. aq. ale. K2CO8 
(V^ mole) gives <5.33) (534) a mixt. of both (xi£-phenylhydrazine)acetic acid, C6H6N(NH2)- 
CH2COOH [Beil. XV-316], tbls. from abs. EtOH, m.p. 168° (533), 167° dec. (535), and 
(/3-phenylhydrazino) acetic acid, C6H5NH.NHCH20C)OH [Beil. XV-3211, Ifts. from ale., 
m.p. 153° <536), 152-153° <537); for separation of these isomers see (533).] 

[For behavior of C with Y,Y-diphenylhydrazine in aq. Na2C03 or NaOAc see (538).] 

With aromatic primary amines also containing other fimctional groups. With amino- 
phenols. [C with p-aminophenol on htg. in aq. soln. (539) <540) (541) (542) contg. also 
NaOAc <543) (544) gives (yields* 45% (544), 35% (539) Y-(p-hydroxyphenyl) glycine 
[Beil. XIII-488, XIIIi-(171)] (this product has considerable interest as a photographic 
developer); for its purification see (540) (545); for pat. on its Jecompn. at 160-170° in 
ketone solvents as method of prepn. of Y-methyl-p-arainophenol [Beil. XIII-441, XIIIj- 
(149)] see (546). — Note also that in above reaction of C with p-aminophenol some N- 
(p-hydroxyphenyl) iminodiacetic acid (542) is also formed.] 

With amino acids. [C with o-aminobenzoic (anthranilie) acid in aq. soln. (547) prefer- 
ably also contg. Na^COz (548) (549) (550) ^ves (yields: 85-89% (550), 70-80% (549)) 
Y-(<>-carboxyphcnyl) glycine (phenylglycine-o-carboxylic acid) [Beil. XIV-348, XIVj- 
(544)], ndls. from MeOH, m.p. about 215° dec. (551); this product upon htg. loses CO2 
giving indoxyl and is therefore an important intermediate in mfg. of indigo; for use of 
this reaction for detection of C in wine by conversion to indigo see (120) cf. (117). — Note 
also that in above reaction of C with anthranilie acid some Y-(o-carboxyphenyl)iminodi- 
acetic acid [Beil. XIV-354, XI Vi- (545)1, m.p. 216° dec. (551), is also produced (551); 
although both phenylglycine-o-carboxylic acid (Neut. Eq. 97.5) and Y-(o-carboxyphenyl)- 
iminodiacetic acid (Neut. Eq. 84.3) thus melt at same temp., their mixture melts at about 
200° (551).] 

With secondary aromatic amines. [C with Y-methylaniline on htg. (552) or better in 
aq. NaOH on 4-hr. reflux (553) gives (74% yield (553)) Y-methyl-Y-phenylglycine [Beil. 
XII-473, XIIi-(264)l, oU (B.Ha, m.p. 215-216' dec. (563)). — C with AT^ethylaniline on 
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Iitg* gives (554) iV'-ethyl-AT-phenylglycine (Beil. XII-475I, oil. — C with diphenylamine 
at 180-200° for 40-50 hrs. gives (5-10% yield <555}) ATjAT-diphenylglyeine [Beil. XIIi- 
(264)1.) 

With tertiary aromatic amines. (C with dimethylanilinc at 100 ° <556) for 12-18 hrs. 
<557} gives dimethyl-phenylbetaine hydrochloride [Beil. XII-474], m.p. 194r-l96° <556), 
from which silver oxide liberates <557} <558} free dimethyl-phenyl-betaine, m.p. 124-126° 
<557}, 123-124° <558}. — For corresp. betaine from iV,A-diethylaniline see (559}.l 

With tertiary heterocyclic amines. [C with pyridine on htg. <560} <561} <194} cf. <556} 
at 60° for 5 hrs. <557} gives iV'-(carboxymethyl)pyridinium chloride (pyridmebetaine hydro- 
chloride) [Beil. XX-226J, m.p. 202-205° dec. <560} (thought by <194} to be typographical 
error for 102-105° dec.). — For behavior of C with quinoline see <556}.] 

Behavior of C with Amides, Thioamides, etc. 

This topic cannot here be treated in full, but the following cases are reported as examples. 

With urea. [C with carbamide (urea) might be expected under appropriate conditions 
to condense with elimination of HCl and formn. of ureidoacctic acid (hydantoic acid), 
NH 2 CONH.CH 2 COOH [Beil. IV-359, IVi-(477), IV2-(792)], m.p. 169-170° <562} <563}, 
160-161° <564}, 160° <565}, or its ring-closure product hydantoin [Beil. XXIV-242, XXIVi- 
(287)1, m.p. 220°; no report of the (diemical behavior of C with urea can be found, however, 
the two above-mentioned expected products having been prepared by other means. — 
Note that f.p. /compn. data on system C H- urea have been recorded <19}.] 

With thiourea. [C with thiourea (the latter reacting in its isothiourea mode) gives ac- 
cording to conditions cither isothiohydantoic acid, H 2 N — C(— Nil) — S — CH 2 .C(X)H 
[Beil. III-251, IIIi-(97)] <566} <567}, or pseudothiohydantoin [Beil. XXVII-233, XXVIIi- 
(303)1, <568} <569} <570} <571} <572} <573}.) * 

With substituted thioureas. The behavior of C with substituted thioureas cannot be 
treated in full, but the following examples arc cited (for reaction of C with various mono- 
substituted thioureas see <573} <574}, with various disubstituted thioureas see <575} <576} 
<577}]. 

Methyl chloroacetate: oil, b.p. 131° (see 3: 5585). 

Ethyl chloroacetate: oil, b.p. 144° (see 3:5700). 

Phenyl chloroacetate: m.p. 44-45° (see 3.0565). 

— o-Tolyl chloroacetate: oil, b.p, 127-127.6° at 10 mm. <578}. [From C with o-cresol 
(1:1400) -f POCI3 in pyridine <574), or from chloroaretyl chloride (3:5235) with 
o-cresol (1:1400) at 130° for 4 hrs. <578}; note that this prod, with AICI 3 at 140° 
undergoes Fries rearr. giving <578} both 2-hydroxy-3-methylphenacyl chloride [Beil. 
VIIli-(549)], m.p. 67°, and 4-hydroxy-3-methylphenacyl chloride [Beil. VlIIi-(550)l, 
m.p. 144-145°.) 

m-Tolyl chloroacetate: oil, b.p. 153° at 30 mm. <.580} . [From chloroacetyl chloride 

(3:5235) with m-cresol (1 :1730) <579} <580}; note that this prod, with AICI 3 at 150° 
gives (50% yield <580}) 2-hydroxy-4-methylphenacyl chloride [Beil. VIII-113, Vllli- 
(550)1, m.p. 101°.] 

^-Tolyl chloroacetate: m.p. 32° <580}, 20-30° <579}; b.p. 162° at 45 mm. <580}; 

DJ® = 1.1840 <41}, no = 1.5150 <41}. [From C with p-cresol (1:1410) + POCI 3 
in pyridine <579}, or from chloroacetyl chloride (3:5235) with p-cresol (1:1410) at 
135° <580}; note that this prod, with AICI 3 at 140° gives <580} 2-hydroxy-5-methyl- 
phenacyl chloride [Beil. VIII-111], m.p. 65° <580}.) 

Benzyl chloroacetate: oil, b.p. 147.5° at 9 mm., DJ = 1.2223, ~ 1.5246 <581}. 

[Fropa C with benzyl ale. (1 : 6480) + HCl gas at 100° <581).] 
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^-Nitrobenzyl chloroacetate: oil, unsuitable as ® (582). 

Phenacyl chloroacetate: unreported. 

^-Chlorophenacyl chloroacetate: unreported. 

® ^-Bromophenacyl chloroacetate: m.p. 103.7® cor. (583). 

^-lodophenacyl chloroacetate: unreported. 

(p ^-Phenylphenacyl chloroacetate: m.p. 116® (584). [From C (as NaA) with p- 
phenylphenacyl bromide (584) (m.p. 124.5-125.5°) in aq. ale. on htg. (584).] 

(g) S-Benzylthiiuronium chloroacetate: m.p. 159-160° (585). [Note that for corresp. 
salts from dichloroacetic acid (3:6208) and trichloroacetic acid (3:1150) m.p. values 
are respectively 178-179° and 148-149® (585).] 

© S-(^-Chlorobenzyl)thiuronium chloroacetate: m.p. 158° cor. (586). [From C (as 
NaA) with i8-(/)-chIorol)eii2yl)thiuronium chloride (586) (m.p. 197°) in ale. (586); 
note that corresp. deriv. of trichloroacetic acid (3:1150) has m.p. 148® cor.] 

© •S-(^-Bromobenzyl)thiuronium chloroacetate: m.p. 154° cor. (587). [From C (as 
NaA) with /Sf-(p-bromobenzyl)thiuronium bromide (587) (m.p. 213°) in ale. (587); 
note that corresp. deriv. of trichloroacetic acid (3:1150) has m.p. 146° cor. (587).] 

© «-Chloroacetamide: m.p. 120.5-121.5° (588), 120° (589), 119-120° (590), 119.5° (591), 
118-120® (165), 118° (312), 116.4-116.9° (620). [From methyl chloroacetate (3:5585) 
(588) (593) or ethyl chloroacetate (3:5700) (590) (589) (592) (594) (595) (596) (597) 
with cold cone. NH4OH (78-84% yield (590)), or from chloroacetyl chloride (3:5235) 
with dry NH3 (597).] 

© <o-Chloroacetanilide: cryst. from hot aq. or 50% ale , m.p. 138° cor. (598), 136-137® 
(599), 136° cor. (600), 135° (601), 134-135® (602) (166), 134.5° (603) (604), 134° (605) 
(606), 133-134° (610). [From C with aniline (606) in presence of P2O6 (600) (605), 
from C with aniline salts + PCI5 or SOCI2 (607), from chloroacetyl chloride (3:5235) 
with aniline (2 moles) in ether (608) (603), CoHe (602) (601), or AcOH/NaOAc (599) 
or with aniline (1 mole) + aq. NaOH in CgHc or toluene (609), or from chloroacetic 
acid anhydride (3:0730) with aniline + P2O5 (610) ] Note that this w-chloroacetanil- 
ide with AICI3 (not more than 1.8 pts. (611)) at 225° (611) (612) loses HCl with ring 
closure giving (85% yield (611) (612)) oxindole [Beil. XXI-282, XXIi-(289)]; also 
that a)-chloroacetanilide witii ale. KOH undergoes bimolecular condensation giving 
(613) A^,A'-diphenyl-2,5-diketopiperazine, m.p. 26il°.] 

© o>-Chloroacet-o-toluidide : cryst. from dil. ale., m.p. 111-112° (614) (604), 111° (615). 
[From C -f o-toluidiiie -f P2O5 (615), or from chloroacetyl chloride (3:5235) with 
o-toluidine (2 moles) in dry ether (616) or CeHe (614).] [Note that this prod, with 
AICI3 at 225° loses HOI with ring closure giving (612) 7-methyloxindole, m.p. 2(K)°; 
also that with ale. KOH it undergoes bimolecular condensation giving (614) 
di-o-tol yl-2, 5-dikctopiporaziiie.] 

© <u-Chloroacet-^-toluidide : m.p. 164® (615), 162° (608) (617), 161.5° (603). [From C 
(2 moles) with /i-toluidine (1 mole) at 80-90° (617) in presence of P2O5 (615), or from 
chloroacetyl chloride (3:5235) with p-toluidine (2 moles) (608) in ether (603).] [Note 
that this prod, with AICI3 at 230° for 2 hrs. loses HCl with ring closure giving (612) 
5-methyloxindole [Beil. XXI-291], m.p. 168® (612).] 

— ci)-Chloroacet-N>benzylamide: cryst. from CeHe or Igr., m.p. 93.5-94.5° cor. (618), 
93.0-93.6° cor. (619), 92.2-92.8® u.c. (619). [From ethyl chloroacetate (3:5700) with 
aq. benzylamine on shaking in cold (619) cf. (621), or from chloroacetyl chloride 
(3:5235) with benzylamine + aq. KOH (618); note, however, that the corresp. derivs. 
from dichloroacetic acid (3:6208) and from trichloroacetic acid (3: 1150) have almost 
the same m.p.'s, viz., 93.8-95.6° cor. and 93.6-94.4° cor. respectively (619); note also 
that the simple salt of C with benzylamine has m.p. 119.9-120.9° cor. (304).l 
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3:1375 o^-DICHLORO-n-BiriTRIC C4H«02Cl2 

ACID Gow-melting isomer) H H 

(Crotonic acid diohloride) CIL C C COOH 

ii ii 


BeU. n - 379 
n,-(i34) 


M.P. 63^ <1) (2) 

<3) <6) 

63.5-63° <4) 

63° (8) 

61° (11) 
57-59° (5) 


B.P. 133-133° cor. at 27 mm. (5) 

134.5° at 20 mm. (6) 

134-135° at 20 mm. <1) 

130° at 13 mm. (9) 


[See also ajfi-4icfdoro-n~hutyric acid (high-melting isomer) (isocrotonic add dichloride) 
(3:1903).] 


Colorless cryst. from pet. ether, Igr. or dry ether. — C is eas. sol. ale., CeHe, CHCI3, or 
CS2; spar. sol. cold Igr.; at 10.5° 3.28 pts. C are sol. in 1 part dry ether. — C deliquesces 
with a little aq. (5); C with 1 mole H2O forms (4) an oil, probably a monohydrate (ortho 
acid), which in much aq. gives an emulsion gradually separating into two clear layers; 
note, however, that C has later (11) been claimed to be nonhygroscopic. 

[For prepn. of C from crotonic acid (1:0425) with CI2 m CS2 (1) (2) (3) (4) (11) or in 
CCI4 + (6) in cold see indie, refs.; for formn. of C from isocrotonic acid (1 : 1045) with 

CI2 in CHCI3, CCI4, or CS2 see (6) (4); for prepn. of C from its corresp. acid chloride (see 
below) by hydrolysis with aq. NaHCOa see (5) (9).] 

C boils at 212-216° under ord. press, wath some loss of HCl (4). 

(C with 6 pts. cone. aq. HCl (satd. at 0°) in s.t. at 100° for 50 hrs. (1 ) is partially isomerized 
to the high-melting stereoisomer (isocrotonic acid dichloride) (3:1903).] 

C behaves as a fairly strong monobasic acid of ionization const. X = 8.2 X 10"^ (1); 
C with dil. aq. AgNOg ppts. the spar. sol. AgA2 (5); no other salts, however, appear to have 
been reported. 

C with aq. NaOII in cold is neutralized without serious decomposition (4); Neut. Eq. — 
167 (11); however, if to the resulting soln. further cone. aq. NaOH is added (4) (7), or if 
C in ale. is treated with ale. KOH (6) (2), 1 HCl is split away and the corresp. salt of a- 
chloroisocrotonic acid (3:1615) (accompanied by the salt of its isomeric a-chlorocrotonic 
acid (3:2760)) is formed. 

C with aq. NagCOa at ord. temp, is neutralized without decompn. (4); however, C with 
excess aq. NagCOa above 80° also is further attacked giving (4) (25-30% yield (4)) 1-chloro- 
propene-l (3 : 7030), accompanied by some propionaldehyde (1 : 0110), a-chlorocrotonic acid 
(3:2760), a-cliloroisocrotonic acid (3:1615), and other products. 

C in pyridine at 100° for 3 hrs. loses HCl giving (yield not reported (8)) a-chlorocrotonic 
acid (3:2760), m.p. 99.5° (8). 

[C with PCU or SOCI2, although not actually reported, would be expected to yield the 
corresp. acid chloride; this a,/3-dichloro-w-butyryl chloride, b.p. 163.3-164.3° cor. at 747 
mm. (5), 67.5-71° at 30 mm. (5), has, however, been prepd. indirectly from crotonic acid 
(1:0425) with PCI5 (2 moles) at 160° for 2 hrs. (9) or from crotonaldehyde (1:0150) with 
CI2 at 0° in dark (5).] 


Methyl a,/3-dichloro-n-butyrate: b.p. 174-180° si. dec. at ord. press. (5), 82.7- 

85.7° cor. at 28 mm. (5); Di® ® = 1.2614 (5). [From the above a,i8-dichloro-n-butyryl 
chloride with MeOH (5).] 
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Ethyl a,/8-dichloro-n-bu^ate: b.p. 180-200® at 760 mm. (10), 97® at 36 mm. (10), 

96® at 35 mm. (2). [From C in abs. EtOH with dry HCl (2), or indirectly from butyr- 
chloral hydrate (3:1905) (1 mole) in EtOH with dry KCN (1 mole) below 16® (10); 
note, however, that this ester loses HCl with great ease even at ord. temp, giving 
ethyl a-chlorocrotonate (3:8523) and this dehydrohalogenation is greatly accelerated 
by KCN (10).] 

a,)3-Dichloro-n-butyrainide: unreported. [Note that the amide from the higher- 
melting stereoisomer of C (3:1903) has m.p. 121®.] 

3:1375 (l) Michael, Bunge, Ber. 41, 2910-2912 (1908). (2) Michael, Browne, Am. Chem. J, 

9, 281-287 (1887). (3) Michael, Browne, J. prakt Chem. (2) 36, 174-176 (1887). (4) Wislicenus, 

Ann. 348, 281-301 (1888) (5) Zeisel. Monatsh. 7, 360-370 (1886). (6) Michael, Schulthess, 

J. prakt. Chem. (2) 46, 238-240, 255-259 (1892). (7) Wislicenus, Ber. 20, 1008-1010 (1887). 

(8) Pfeiffer, Ber. 43, 3041-3042 (1910). (9) Clarke. J. Chem. Soc. 97, 898 (1910). (10) Chat- 

taway, Irvine, J. Chem. Soc. 1929, 1043-1044. 

(11) Stelling, Z. physik. Chem. B-24, 427 (1934). 


C 14 H 10 CI 2 Bed. V- 634 
Vi-(304) 
Vr- 


62-63® (9) 

62® (10) 

61® (11) 

60® (12) 

59.5-60® (13) 

58® (14) 

{See also transA,2-dichloro~l,2-diphenylethylene (3:4210).] 

Colorless ndls. — C is much less sol. in ale. than its higher-melting stereoisomer (3:4210) ; 
100 pts. abs. ale. at 24.4® dis. 10.51 pts. C (14). — C like its isomer is very sol. in ether. 

Note that C (the lower-melting tolane dichloride) has now been shown (12) to have the 
c^s configuration, many earlier repotls to the contrary notwithstanding. 

Note also that C (2 moles) with (1 mole) diphenylacetylene (tolane) [Beil. V-656, Vi- 
(319), V2-(568)], m.p. 60°, gives (12) a 2:1 molecular cpd., m.p. 67-69® (12). 

C on distn. is partially transformed (32% (14)) into its higher-melting trans stereoisomer 
(3:4210) q.v. 

Since the methods of prepn. and the chemical behavior of C are the same as those given 
in detail under its stereoisomer (3:4210) q.v. they are not repeated here. 

3:1380 (1) Fuson, Ross, J. Am. Chem. Soc. 55, 723 (1933). (2) Davidson, J. Am. Chem. Soc. 

40, 397-399 (1918). (3) Sudborough, J. Chem. Soc. 71, 221-222 (1897). (4) Lachowica, Ber. 

17, 1165 (1884). (5) Blank, Ann. 248, 17-25, 33-34 (1888). (6) Liebermann, Homeyer. Ber. 

12, 1973-1974 (1879). (7) Limpricht, Schwanert, Ber. 4, 379 (1871). (8) Zinin, Ber. 4, 289 
(1871), (9) Staudinger, Ber. 49, 1971-1972 (1916). (10) Onufrowicz, Ber. 17, 835 (1884). 

(11) Busch, Weber, J. prakt. Chem. (2) 146, 50-52 (1936). (12) Bergmann, J. Chem. Soc. 

1936, 403, 405. (13) Stelling, Z. phyaik. Chem. B-24, 425 (1934). (14) Eiloart, Am. Chem. J. 

J2, 231-253 (1890). 


3:1380 ci5-1,2.DICHLORO-1,2- 
DIPHENYLETHYLENE 

(cis-«,a'-Dichlorostilbene ; 
cis-tolane dichloride) 


<i> 

X N I 


C— Cl 


-Cl 


M.P. 63 


(1) (2) (3) 
(4) (5) (6) 
(7) (8) 


B.P. 178® at 18 mm. (5) 
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3:1385 1,7-DICHLORONAPHTHALENE 

(2,8-DicliloronaphthaIene) 



CioH 6 Cl 2 Beil. V - 543 
Vr(363) 
V2-(446) 


M.P. 64** (19) B.P. 286^^ U.C. (5) = 1.2611 (19) 

63.5- 64.5® (1) 285-286® (2) = 1.60921 (19) 

63.5- 64° (2) 

62 . 5 ® ( 3 ) ( 18 ) 

61.5® U.C. (4) (5) (9) 

(12) (13) 

61® (8) (12) 

Lfts. from hot dil. ale.; cryst. from ale , other, CcHe, or AeOH. — Sublimes readily. — 
Volatile with steam. 

[For prepn. of C from 7-ohloronaphthalenesuIfonyl ehlonde-l [Beil. XI-161] (4), from 
7-bromonaphthalenesulfonyl ehloride-1 [Beil. X 1-166] (6), from l-c;hloronaphthalenesulfonyl 
chloride-7 [Boil. XI-181] (2), from 7-chloro-l-nitronaphthaleiic [Beil V-556] (poor yield 
(2)) (7), from 1-nitronaphthalenesulfonyl chloride-7 [Beil. XI-187] (8) (9) (10) (11), from 
7-chloronaphthol-l [Beil. VI-612, VIi-(308)] (12), from K or Na naphthol-2-sulfonate-8 
[Beil. XI-286, XIi-(67)] (5) (13), or from naphthalone-l,7-6fs-(sulfonyl chloride) [Beil. 
XI-215] (14) on htg. with PCls as directed see indie, refs : from a-chloronaphthalene 
(3:6878) with SO2CI2 at 100-180® sec (15); from K 4,5-dichloronaphthalenesulfonate-2 
[Beil. XI-182] or from K 4,6-dichloronaphthaIeiiesulfonatc-2 [Beil. XI-182] on hydrolysis 
in H2SO4 or H3PO4 with superhtd. steam see (16); from 4,6-dichloronaphthalene-2-sulfonyl 
chloride [Beil. XI-182] on htg with cone. HCl in s.t. at 290® see (16); from 7-ehloronaphthyl- 
amine-1 [Beil. XII-1256] via diazotization and htg. with CU2CI2 see (12); from 8-sulfo- 
naphthylamine-2 [Beil. XIV-750, XlVi-(733)] via diazotization and htg. the diazonium salt 
with PCI5 in PCI3 see (2); from 1,7-diaminonaphthalene [Beil. XlII-204] via tetrazotization 
and treatment with Cu pdr. see (17) ] 

C (1 g.) in AcOH (5 ml.) with highest conen. HNO3 (2 ml ) yields (3) 1,7-dichloro-x- 
nitronaphthalene [Beil. V-556I, ndls. from MeOH, m.p. 138-139° (3). 

[C with CISO3H yields (1) (18) 1,7-dichloronaphthalencsulfonic acid-4 [Beil. XI-162] 
(corresp. sulfonyl chloride, m.p. 118® (1) (18), corresp. sulfonamide, m.p. 226° (18)) ] 

3:1385 (1) Hampson, Woissberger, J. Chem. Soc. 1936 , 394. (2) Armstrong, Wynne, Chem. 

News 59 , 189 (1889). (3) Erdmann, Ann. 275 , 257 (1893). (4) Arnell, Bull. soc. chim. (2) 

45 , 184 (1886). (5) Claus, Volz, Ber. 18 , 3157 (1885). (6) Sindall, Chem. News 60 , 58 (1889). 

( 7 ) Armstrong, Wynne, Chem. News 59 , 226 (1889). (8) Palmaer, Ber. 21 , 3261 (1888). (9) 

Cleve, BuM. soc. chim. (2) 29 , 415 (1878). (10) Armstrong, Wynne, Chem. News 59 , 94 (1889). 

(11) Erdmann, Suvern, Ann. 275 , 252 (1893). (12) Erdmann, Kirchhoff, Ann. 247 , 379 (1888). 

(13) Forsling, Ber. 20 , 2102 (1887). (14) Armstrong, Wynne, Chem. News 62 , 162 (1890). (15) 

Armstrong, Rossiter, Chem. News 66 , 189 (1892). (16) Armstrong, Wynne, Chem. News 76 , 

69-70 (1897). (17) Friedlandor, Szymanski, Ber. 25 , 2083 (1892). (18) Armstrong, Wynne, 

Chem. News 61 , 274-276 (1890). (19) Krollpfeiffer, Ann. 430 , 198, 204 (1923). 
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3:1400 1,3,6-TRICHLOROBENZENE 

(«2/m.-Trichlorobenzene ) 


63.0-63.8° 

(1) 


B.P. 208.5° 

cor. at 763.8 mm. (2) 

63.5° cor. 

(2) 


208.4° 

(11) 


(3) 

(18) 



63.4° cor. 

(4) 




63° 

(5) 

(6) 




(7) 

(8) 



62.7° 

(9) 




61° 

(10) 






Beil. V - 204 
Vi-( 43) 
V2-(166) 


Colorless cryst.; eas. sol. ether, CeHe, Igr., CS2; spar. sol. cold ale. or 50% AcOH; volatile 
with steam. [For thermal anal, of mixts. of C with 1,2,4-trichlorobenzene (3:6420) or for 
m.p./compn. data on ternary system of C with 1,2,3-trichlorobenzene (3:0990) and 1,2,4- 
trichlorobenzenc (3:6420) see (9) ] 

[For use of C in mfg. of electric insulating material see (12) (13).] 

[For prepn. of C from 2,4,6-trichloroanihne [Beil. XlI-627, XIIi-(312)] via diazotization 
and reaction with ale. (yield: 02% (14), 90% (15), 72.6% (8), 67% (33)) (4) (1) (16) (17), 
or from 2,4,6-tribromoaniline [Beil. XII-663, XIli-(329)] via diazotization and subsequent 
treatment with HC^l gas in ale. (18), see indie, refs.; from 3,5-dichloroaniline [Beil. XII-626, 
XIIi- (312)1 via diazotization and reaction with CU2CI2 or Cu (yield 58% (5), 40-50% (9)) 
(4) see indie, refs.; from chlorobenzene-3,5-disulfonyl chloride with 4 moles PCI5 in s.t. at 
200-210° for 4 hrs. (60% yield (6)) or similarly from bromobcnzcne-3,5-disulfonyl chloride 
(7) see indie, refs ] 

[For formn. of C from 2,4,6-trichloroiodobenzene with ale. NaOEt see (19); from 1,3,5- 
trinitrobenzene with cone. HCl in s.t. at 260° see (20); from 2,4,6-trichloroacetophenone 
on fusion with KOI! (10) or from 2,4,6-trichlorobenzaldehyde on warming with 50% 
NaOH or KOH (3) see indie, refs.; from chloroacetylene (3:7000) by polymerization in 
light see (21); for formn. of C from CeHe or chlorobenzene (3:7903) with CI2 at 400-700° 
(22), or from mixt. of w- and p-dichlorobenzenes with CI2 + AICI3 (23) cf. (24), or from 
hexa(;hlorobcnzcne (3:4939) by cat. hydrogenation (25) see indie, refs.; from a-benzene- 
hexachloride (3:4410) with ale. KOH, pyridine, or quinoline (9) from jS- or 7-benzene- 
hexaehlorides with ale. KOfT see (9) cf (26). J 

[C with CI2 in pres, of A1 /Ilg yields (27) 1 ,2,3,5-tetrachlorobeiizcne (3 : 0915) ; for behavior 
of C with liq. CI2 yielding addn. products see (28) ] 

[C with MeOH/NaOMc in s.t. at 180° yields mainly (29) 3,5-dichloroanisolc, m.p. 39° 
(29), accompanied by some 3,5-dichlorophenol (3:1670).] 

[C on hydrolysis with steam at 550-800° over cat. yields (30) phloroglucinol (1:1620); 
for behavior of C with F2 see (31); for behavior of C with NH3 at 700-800° see (32).] 

C on mononitration, e.g., by warming C (1 g.) with 5 ml. fiimg. HNO3 (D =* 1.49) at 
100° for 15 min., then pouring onto ice (38), gives (2) (8) (100% yield (38)) l,3,5-trichloro-2- 
nitrobenzene [Beil. V-247], ndls. from ale., m.p. 69° (8), 67-68° (38). — C on dinitration, 
e.g., by refluxing for 1 hr. a soln. of C (1 g.) in 5 ml. fumg. HNO3 {D - 1.49) + 5 nil. cone. 
H2SO4 (38), gives (yield: 100% (38) (34), 82% (35), 80% (15)) (14) (33) l,3,5-trichloro-2,4- 
dinitrobenzene (Beil. V-265], m.p. 131-131.5° (35) (36), 129-130° (34), 129.5° (14) (15) 
(3), 128.5° (38) (this prod, on htg. with 5 pts. aniline yields (38) l,3,5-trianilino-2,4-dinitro- 
benzene, m.p. 179-180° (38)). — C on trinitration, e.g., by boilg. 2 days with mixt. of 
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fumg. HNOs and fumg. H 2 SO 4 as directed (37) (39), yields (37) (33) (17) 1,3,5-trichloro- 
2,4,6-trmitrobenzene [Beil. V-275I, m.p. 187® (33), 193® (16), 192-193® (39). 

6 with cone. H 2 SO 4 is unchanged even after htg. 56 hrs. at 100® and is only partially 
sulfonated on htg. 6 hrs. at 100° with fumg. H 2 SO 4 (12% SO 3 ) (16); however, C with 3 pts. 
fumg. H 2 SO 4 (SO 3 = 72%) htd. at 100® for 15 hrs. completely sulfonates yielding (16) 

l, 3,5-trichlorobenzene-2,4-disulfonic acid (corresp. disulfonyl chloride, m.p. 161.6® (16), 
corresp. disulfonamide, m.p. 248® (16)). 

C with chlorosulfonic acid in CHCI 3 (38) gives 1,3,5-trichlorobenzenesulfonyl chloride, 

m. p. 35-40® u.c. (38); this prod, with (NH 4 ) 2 C 03 readily yields (38) 1,3,5-trichlorobenzene- 
sulfonamide, m.p. 210-212° u.c. dec. (38). 

3:1400 (1) Dadieii. Pongratz, Kohlrausch, Monatsh. 61, 432-433 (1932). (2) Beilstein, Kurba- 
tow, Ann. 102, 232-233 (1878). (3) Lock, Ber. 66, 1632 (1933). (4) Korner, Gazz. chim. ital. 

4,411-412 (1874). (5) Holleman, Rec. trav. chim. 37, 197-198 (1918). (6) Olivier, Rec. irav. 

chim. 37, 313 (1918). (7) Olivier, de Kleermaeker, Rec. trav. chim. 30, 643 (1920). (8) Holle- 
man, van Haeften, Rec. trav. chim. 40, 74 (1921). (9) van der Linden, Ber. 45, 231-247 (1912). 

(10) Lock. Bock, Ber. 70. 925 (1937). 

(11) Lecat, Ann. soc. set. Bruxelles B-40, 109-118 (1929); Cent. 1020, II 2162. (12) Ford (to 

Westinghouse Electric and Mfg. Co.), U.S. 2,139,945-2,139,948, Dec. 13, 1938; Cent. 1030, I 
2047; C.A. 33, 2253-2254 (1939). (13) Zilnderwerke E. Briinn, A.G., Ger. 670,460, Feb. 16, 
1933; Cent. 1033, 1 2770. (14) Jackson, Lamar, Am. Chem. J. 18, 667-668 (1896). (16) Backer, 

van der Baan, Rec. trav. chim. 56, 1177-1178 (1937). (16) Davies, Poole, J. Chem. Soc. 1027, 

1122-1123. (17) Turek, Chtmie & industrie 26, 781-794 (1931). (18) Hantzsch, Ber. 30, 

2351 (1897)^ (19) Jackson, Gazzolo, Am. Chem. J. 22, 63-54 (1899). (20) Lobry de Bruyn, 
van Leent, Rec. trav. chim. 15, 86 (1896). 

(21) Ingold, J. Chem. Soc. 126, 1536 (1924), (22) Wibaut, van der Lande, Wallagh (to Dow 

Chem. Co.), U.S. 2,123,857, July 12, 1938; Cent. 1030, 1 250; C.A. 32, 7058 (1938). (23) Mouney- 
rat, Pouret, Compt. rend. 127, 1028 (1898). (24) Olivier, Rec. trav. chim. 30, 411-413 (1920). 

(25) Mailhe, Cent. 1021, III 467. (26) Jungfleisch.Ann. chim. (4) 16, 301 (1868). (27) Cohen. 

Hartley, J. Chem. Soc. 87, 1366 (1905). (28) van der Linden, Rec. trav. chim. 66, 315-324 (1936). 

(29) Ref. 5, pp. 201-204. (30) Lloyd, Kennedy, U.S. 1,849,844, March 16, 1932; Cent. 1032, 

I 2994; C.A. 26, 2747 (1932). 

(31) Bancroft, Whearty, Proc. Natl. Acad. Sci. 17, 183-186 (1931). (32) Heslinga, Rec. trav. 

chim. 43, 178-180 (1924). (33) Jackson, Wing, Ann. Chem. J. 0, 348-355 (1887). (34) HtifFer, 

Rec, trav. chim. 40, 451 (1921). (35) Schlubach, Mergenthaler, Ber. 68, 2735 (1925). (36) 

Borsche, Trautner, Ann. 447, 6 (1926). (37) Jackson, Smith, Am. Chem. J. 32, 171-172 (1904). 

(38) Huntress, Carten, J. Am. Chem. Soc. 62, 512-513 (1940). (39) Schmitt, Z. gee. Schieae- 

u. Sprengstoffw. Nitrocellulose 38, 198-199 (1943); C.A. 38, 3962 (1944). 


3:1420 l,l,l-TRICHLORO-2,2- 
DIPHENYLETHANE 


Ov 

CH— ( 

<zy 


Cl4HiiCl3 


Beil. V - 606 
Vi-(285) 
V2-(610) 


M.P. 64® (1) (2) (3) 

63-64° (5) 

Colorless Ifts, from ale. — 100 pts. 90-92% ale. dis. at room temp. 5.40 pts. C; in hot 
37.28 pts. C (4). 

[For prepn. of C from chloral (3:5210) with CeHe (2 moles) -f cone. H 2 SO 4 (almost 
quant, yield) see (3); from chloral hydrate (3:1270) with CeHe + a little AICI 3 at 0 ° see 
(5) cf. (2); note that both types of this same condensation take place through intermediate 
formn. of trichloromethyl-phenyl-carbinol [Beil. VI-476, VIi-(237)], m.p. 37°, b.p. 145® at 
15 mm. ( 1 ) (corresp. acetate, m.p. 87.5° (1)) as formerly suspected ( 6 ) and sub^quently 
confirmed ( 1 ).] 

C on reduction gives various products according to conditions [e.g., 0 with Na/Hg in 
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ale. is claimed (7) to give 1,1-diphenylethane [Beil. V-606, Vi-(2S6), V2-(609)], but this 
prod, was not ob^. in pure form and was accompanied by l,l-dichloro-2,2-diphenylethylene 
(3:1938) (from C by loss of HCl under alk. conditions)]. 

[C in boilg. 95% ale. contg. trace of CuCl2 with finely powdered Al/Cu/Zn (Devarda) 
alloy or Cu/Mg (Amd) alloy for fi-10 hrs. gives (13-19% 3deld (8)) 2,2,3,3-tetrachloro- 
1,1, 4, 4 tetraphenylbutane [Beil. V2-(676)], ndls. from AcOH, m.p. 188-190® (8), accom- 
panied by some 2,3-dichloro-l,l,4,4-tetraphenylbutene-2 (see next paragraph). C with 
Zn dust + cone. aq. NH4OH in ale. soln. gives (18) (4) stilbene (1:7250) + 1,1-diphenyl- 
ethane (above).] 

[C on reduction with H2 in pres, of Pd/BaCOs in ale. /pyridine soln. gives (54-60% 
yield (9)) 2,2,3,3-tetrachloro-l,l,4,4-tetraphenylbutane (see preceding paragraph) ac- 
companied by both high-melting (137-138®) and low-melting (108-110®) stereoisomers of 
2,3-dichloro-l,l,4,4-tetraphenylbutene-2 [Beil. V2-(685)]; using Ni as cat. the same prods, 
result (9) in lower yield sometimes accompanied also by l,l-dichloro2,2-diphenylethylene 
(3:1938) (from C by loss of HCl).] 

[C on reduction by electrolytic means in various types of solution, with various metallic 
electrodes, and at various temperatures gives (10) (11) numerous products including 1,1- 
dichloro-2,2-diphenylcthane (3:1938), l-chloro-2,2-diphenylethane [Beil. V-606, Vi-(285)], 
l,l,4,4-tetraphenylbutine-2 [Beil. Vi-(379), V2-(694)], etc.; for details see (10) (11).] 

[Cwith Cl 2 under suitable conditions should give l,l,l,2-tetrachloro-2,2-diphenylethane 
[Beil. V-606], m.p. 85®, but this reaction has not actually been reported. — However, C 
with a very large excess (15 pts.) pure liquid Br2 gives (12) 2-bromo-l,l,l-trichloro-2,2- 
diphenylethane, m.p. 87.5® (12) ] 

[No mono- or di-nitration products derived from C have been reported.) 

C on distillation (13), or on boilg. with ale. KOH (2) (14) (for study of rate see (15)), 
or during course of other reactions involving alkaline conditions (see above) loses HCl 
giving l,l-dichloro-2,2-diphcnylethylene (3:1938). m.p. 80° (2). 

[C with NaOEt in s.t. at 180® ultimately gives (2) cf. (16) (and presumably through 
intermediate l,l-dichloro-2,2-diphenylethylene (3:1938)) diphenylacetic acid (1:0765).] 

C with Na in CeHe refluxed iO-12 hrs, and then treated with ale. gives (17) cf. (2) trana- 
1,2-diphenylethylene (stilbene) (1:7250), m.p. 124°, cis-l,2-dipheiiylethylene (isostilbene) 
[Beil. V-633, Yi-(303), Vr(539)], and* diphenylacetylene (tolane) [Beil. V-656, Vi.(319), 
Vr(568)J. — C with Zn dust on dry distn. gives (13) stilbene (1:7250). 

[C in CeHe with AICI 3 gives (10% yield (20)) 1,1,2,2-tetraphenylethane [Beil. V-739, 
Vi-(371), V2-(673)], m.p. 211®.] 

[For use of C as addn. agent to improve lubricating power of mineral oils under high 
pressures see (19).] 

3:1420 (1) Chattaway, Muir, J. Cham, Soc. 1034 , 701-703. (2) Harris, Frankforter, /. Am, 

Chem. Soc. 48 , 3144-3160 (1926). (3) Baeyer, Ber. 6, 1098-1099 (1872), (4) Elba, J. prakt. 

Chem. (2) 47 , 45-46, 77 (1893). (5) Frankforter, Kritchevsky, /. Am. Chem. Soc. 36 , 1615-1518 

(1914). (6) Dinesmann, Compt. rend. 141 , 201 (1905). (7) Goldschmiedt, Ber. 6 , 1502-1503 
(1873). (8) Brand, Ber. 64 , 1995-1996 (1921). (9) Brand, Horn, J. prakt. Chem. (2) 116 , 

369-362 (1926). (10) Brand, Z. EUktrochem. 16 , 669 (1910); Ber. 64 , 2017 (1921). 

(11) Brand, Ber. 46 , 2935-2942 (1913). (12) Schlenk, Ann. 493 , 213 (1912). (13) Gold- 
Bchmiedt, Ber. 6 , 987, 990 (1873). (14) Baeyer, Ber. 6 , 223 (1873). (15) Brand, Busse-Sunder- 

mann, Ber. 76, 1822 (1942). (16) Scheibley, Prutton, J. Am. Chem. Soc. 62, 840-841 (1940). 
(17) Harris, J. Am. Chem. Soc. 62, 3636 (1930). (18) Elba, Forster, J. prakt. chem. (2) 39 , 299 
(1889). (19) Klipstein (to Calco Chem, Co.), tJ.S. 2,161,678, June 6, 1939; Cent. 1939 , II 4634 
[C.A, 88 , 7656 (19S9)J. (20) Fleck, Preston, Haller, J. Am. Chem. Soc. 67, 1420 (1945). 
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3:1430 l-CHLORO-2,2-&ts- 

(^.CHLOROPHENYL)ETHYLENE 



M.P. 04-65** (1) 

Cryst. from Igr. — Note that C may occur as a minor impurity in technical grade “ DDT " 
(3:3298). 

[For prepn. of C from “ p,p'-DDD ** (3:8320) by elimination of 1 HCl with ale. KOH 
(77% yield) see {!).] 

C on oxidn. with CrOa gives (84% yield (1)) 4,4'-dichlorobenzophenone (3:4270). 
8:1430 (l) Haller, Bartlett, Drake, Newman, Cristol, et al , J. Am, Chem. Soc. 67, 1600 (1945). 

3 : 1445 a-CHLOROACRYLIC ACID ( U C3H3O2CI Beil. I - 401 

CHs—i-COOII 


M.P. 66° U.C. (1) (4) 

64-66° (7) 

64-66° (2) (3) (6) 

Cryst, from pet. ether (2), ndls. from ether (1). — Eas. volatile, subliming even at room 
temp. (1) (4); volatile with steam. 

[For prepn. of C from a,a-dichloropropionic acid (3:6162) with ale. KOH see (4); from 
methyl a,/8-dichloropropioiiate (3:9103) with aq. Ba(OH)2 (62% yield (2)) (1) or ale. 
KOH (5) see indie, refs.; from a-(;hloro-/3-hydroxypropionic acid (a-chlorohydracrylic acid) 
[Beil. III-298] by distn. with H2SO4 sec (6) (7); from trichloroethylene (3:5170) with 
formaldehyde or paraformaldehyde + H2SO4 as directed see (3).] 

C on treatment with Ag20 dec. yielding (1) Ag -f AgCl. 

0 with fumg. HCl in s.t. at 100° yields (5) (4) a,i8-dichloropropionic acid (3:0855), 
m.p. 50°. 

[The esters of C (usually prepd. from the eorresp. alkyl a,i9-diehloropropionatcs by 
elimination of HCl) have assumed. special imiwrtance becjause of their ability to polymerize 
to useful resins; for methyl a-chloroacrylate see 3:9096; for ethyl a-chloroacrylate see 
3:9242; for scc-butyl a-chloroacrylatc, and its mechanism of polymerization, see (8) (9); 
for studies on the electrical properties of /3-chloroethyl a-chloroacrylate see (10).] 

C readily polymerizes in ultra-violet light or in pres, of peroxides (2). 

3:1445 (1) Werigo, Werner, Ann. 170, 168-171 (1874). (2) Marvel, Dec, Cooke, Cowaij, 
J. Am. Chem. Soc. 62, 3495-3498 (1940). (3) Imperial Chem. Ind., Ltd., French 845,230, Aug. 
16, 1939; C.A. 36, 1070 (1941); Brit. 528,761, Nov. 6, 1940; C.A. 35, 7975 (1941). (4) Otto, 
Beckurts, Ber. 18, 241-246 (1885). (5) Werigo, Melikov, Ber. 10, 1499-1500 (1877). (6) 
Melikov, J. prakt. Chem. (2) 61, 554-555 (1900). (7) Koelsch, J. Am. Chem. Soc. 52, 3365 (1930). 
(8) Marvel, Dec, Cooke, J. Am. Chem. Soc. 62, 3499-3504 (1940). (9) Price, Kell, J. Am. Chem. 
Soc. 63, 2798-2801 (1941). (10) Mead, Fuoss, J. Am. Chem, Soc. 64, 2389-2393 (1942), 
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OH 

3:1460 3,4.DICHLOROPH£NOL 

M.P. 65° (1) (3) B.P. 253.5° at 767 mm. (2) 

68 ° ( 2 ) 



C6H4OCI2 


Beil. VI - 190 
VIi.(103) 
Vl2-(179) 


Ndls. (from CeHe by addn. of pet. ether (2)). — Volatile with steam <1). [For study 
of ionization const, see (4).] 

[For prepn. from 3,4-di(5hloroaniline [Beil. XII-6261 via diazo reaction see <2) (3) <5) (1).] 

[For use of C in prepn. of 2-chloro-l,4-dihydroxyanthraquinone (2-chloroquinizarin) 
[Beil. VIlI-462]_by htg. with phthalic anhydride + H 2 SO 4 + H 3 BO 3 at 195-200° see (7) 
(8); for use of C in prepn. of tetrachlorofluoran [Beil. XIX-148], m.p. 255°, by htg. with 
phthalic anhydride see (3),] 

C dis. cas. in cone. H2SO4; on stdg. small pi. of 3,4-dichlorophenol-5-sulfonic acid sepa- 
rate; these are sol. in aq., ale., AeOH, EtOAc; insol in CeHe, pot eth.; spar. sol. CHCI3; 
cryst. from latter, m.p. 75-76° (6). 

C on htg. with mixt. of fumg H 2 SO 4 (25% SO 3 ) + cone. H 2 SO 4 , and resultant solid 
treated with cone. HNO 3 {D = 1.5) as directed (1) gives (69% yield (1)) of 3,4-dichloro-2- 
nitrophenol, yel. ndls., from It. pet. ether, m p. 76° (1). 

C dislvd. in 3 pts. AcOH contg. anhyd. NaOAc, treated with CI2 and the prod. pptd. by 
addn. of aq,, yields (5) 2,3,4-trichlorophcnol (3:2185). 

C dislvd. in aq. NaOH and shaken with (€113)2804 yields (2) the methyl ether, 3,4- 
dichloroanisole, m.p. —8° <2). 

3:1460 (1) Hodgson, Kershaw, J. Chem. Soc. 1929 , 2922. (2) Holloman, Rec. trav. chim. 37 , 

102-104 (1918). (3) Badifeche Anilin- und Soda-Fabrik, Ger. 156,333, Nov. 14, 1904; Cent. 1904 , 

II 1673. (4) Murray, Gordon, J. Am. Chem Soc. 67, 110-111 (1935). (5) Groves, Turner, 

Sharp, J. Chem Soc. 1929 , 523. (G) Kraay, Rec. trav. chim. 48 , 1084-1085 (1930). (7) Gubel- 

mann, Lee (to Newport Co.), U S. 1,655,462, Jan. 10, 1928; Cent. 1929 , I 3149. (8) Gubelmann 

U.S. 1,655,863, Jan. 10, 1928, C.A. 22 , 966 (1928). 


3:1475 3,6-DICHLOROBENZALDEHyDE C7H4OCI2 BeU. S.N. 635 

Cl 

<( )>CIIO 

ci 

M.P. 65° (1) B.P. 235-240° at 748 mm. (1) 

Colorless ndls. or Ifts. from pet. ether or dil. MeOH (1). — Spar. sol. hot aq. but eas. 
volatile with steam. — Eas. sol. most organic solvents. 

[For prepn. of C from 3,5-dichlorotoluene (3:6310) via chlorination to 3,5-dichloro- 
benzal (di)chloride (3:0370) and subsequent hydrolysis with cone. H 2 SO 4 (70-80% overall 
yield) see (1) (4).] 

C with satd. aq. NaHSOa yields a cpd. C.NaHSOs; this is exceptionally sol. in aq., and 
on htg. the soln. yields C (1). 

C on oxidn. with excess KMn04 at 100° gives (74% yield <1)) 3,5-dichlorobenzoic acid 
(3:4840), m.p. 188° (1). — C with 50% aq. KOH for 4 hrs. at 100° gives (90% yield <!)) 
3,5-dichlorobenzyl ale., cryst. from CeHe, m.p. 82° <1), and 8,5-dichlorobenzoic ac. (90% 
yield <!)) (3:4840). 
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C with pels gives (80% yield (1)) 3,5-dichlorobenzal ((ii)chloride (3:0370) cryst. from 
MeOH or dil. AcOH, m.p. 36.5“ <1). 

C on nitration with fumg. HNO 3 (J> ~ 1.48) at 0® as directed (2) gives (99% yield (2)) 
3,5-dichlorO"2-nitrobenzaldehyde, cryst. from AcOH or Igr., m.p. 91.5® (2), 91® (4). [This 
deriv. yields an oxime, m.p. 97®, a phenylhydrazone, m.p. 175®, and on oxidn. with KMnOi 
gives 3,5-dichloro-2-nitrobenzoic ac., m.p. 194® cor. {2).J 
C htd. with NaOAc -h AC 2 O for 18 hrs. at 180-210® gives (76% yield {!)) 3,5-dichlorocin- 
namic acid, ndls. from CoHe + pet. eth. or from dil. AcOH, m.p. 176® cor. (1). 

[For conversion of C to 3,6-dichlorostyrene (5) (6) in a reaction with MeMgl giving 
(yields: 69% (5), 55% (3)) 3,5-dichlorophenyl-methyl-carbinol, m.p. 46° (3), b.p. 126° at 
4 mm. (5), n® = 1.5573 (5), and dehydration of latter with KHSO 4 (43% yield (5)) see 
indie, refs.] 

® 3,6-Dichlorobenzaldozime: cryst. from Igr., CgHe + pet. eth., or dil. AcOH, m.p. 

112 ® < 1 ). 

® 3,6-Dichlorobenzaldehyde phenylhydrazone: yel. ndls. from pet. eth., m.p. 106.5° <1). 

3,6-Dichlofobenzaldehyde j>-nitrophenylhydrazone: unrecorded. 

3,6-Dichlorobenzaldehyde 2,4-dinitrophenylhydrazone: unrecorded. 

3,6-Dichlorobenzaldehyde semicarbazone: unrecorded. 

8:1475 (1) Asinger, Lock, Monatsh. 62, 344-348 (1933). (2) Asinger, Monatah. 68, 386-387 
(1934). (3) Lock, Bock, Ber. 70, 922-923 (1937). (4) Rug^i, Zaeslin, Lang, Helv, Chim. Acta 

21, 1247 (1938). (5) Marvel, Overberger, Allen, Johnston, Saunders, Young, J. Am. Chem. Soc. 

68, 864 (1946). <6) Michalek, Clark, Chem. & Eng. News 22, 1559-1563 (1944) 

3:1480 2,3-DICHLOROBENZALDEHYDE C 7 H 4 OCI 2 Beil. S.N. 635 

<3cho 

Cl Cl 


M.P. 65-67® (1) 

Cryst. from 1 : 1 aq EtOH. 

[For prepn. of C from 2,3-dichlorotoluene (3:6345) by bromination at 180-200° (pre- 
sumably to 2,3-dichlorobenzal (di)bromide) followed by hydrolysis with cone. H 2 SO 4 at 
100-140® (71% yield) see (1),] 

C with MeMgl gives (76% yield (1)) 2,3-dichlorophenyl-methyI-carbinol, m.p. 55-57°, 
b.p. 112-113° at 2 mm. (corresp. 3,5-dinitrobenzoate, m.p. 145-146° (1)); note that dehydra- 
tion of the carbinol with KHSO 4 gives (44% yield <!)) 2,3-dichlorostyrene. 

2,3-Dichlorobenzaldozime: unreported. 

2,3-Dichlorobenzaldehyde phenylhydrazone: unreported. 

2,3-Dichlorobenzaldehyde ^-nitrophenylhydrazone: unreported. 

2,3-Dichlorobenzaldehyde 2,4-dinitrophenylhydrazone: unreported. 

2,3-Dichlorobenzaldehyde semicarbazone: unreported. 

8:1480 (1) Marvel, Overberger, Allen, Johnston, Saunders, Young, J. Am. Chem. Soc. 68, 862 
(1946). 
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3:1490 2-CHLORONAPHTHOL.l 


M.P. 66° (1) 

64-66° (2) 



CioHtOCI Beil. VI - 611 
VIi-(308) 
Vl2-(681) 


Ndls. from Igr.; exceptionally easily sol. in ale., ether, CeHe. — More volatile with 
steam than the isomeric 4-chloronaphthol-l (3:3720) (use in sepn. (2)). 

[For prepn. of C from a-naphthol (1:1500) with aq. alk. NaOCl (3) (4) (5) or with 
SO2CI2 in CHCI3 soln. (18% yield, together with 42% yield of 4-chloronaphthol-l (3:3720) 
(2)), see indie, refs.; from sodium l-hydroxynaphthalenesulfonate-2 [Beil. XI-269, XIi- 
(63)1 with PCU see (6); from 2-chloro-l-hydroxynaphthalenesulfonic acid-4 (1) by hydrdysis 
in boilg. dil. H2SO4 see (1).] 

C on stdg. in aq. Na2C03 soln. gives blue flocks (7). 

C with 1 mole Br2 in 20% AcOH yields aim. quant. (7) 4-bromo-2-cliloro-naphthol-l, 
ndls., m.p. 112° (7). 

[C with cone. HI (D = 1 5) in boilg. AeOH for 12 hrs. reduces (4) to a-naphthol (1 : 1500), 
but C is unaffected by SnCl2 4- HCl in ale. even after 28 hrs.’ boilg. (4).] 

[C on oxidn. with p-diamines gives (3) indophenols; C on coupling with diazonium salts 
gives (3) azo dyestuffs, cf. {!); C with isatin chloride [Beil. XXI-302, XXIi-(296)] yields 
(5) a chloronaphthalene indolindigo.j 

[C dislvd. in a little ale., made ammoniacal with cone. NH4OH, and treated at 5° with 
nitrosobenzene in ale. gives (84% yield (8)) 2-chloronaphthoquinone-l,4-monoanil-4 
(see under 3:3580), very red nflls. from ale., m p. 112° (8). 

3:1490 (1) Hodgson, Rosenberg, J. Soc. Chem. Ind. 48-T, 287-289 (1929). (2) Lesser. Gad, 

Ber. 56, 972-973 (1923). (3) Kalle and Co., Ger. 167,468, Jan 22, 1906; Cent. 1906, I 1067. 

(4) Franzen, Steuble, J. prakt. Chem. (2) 103, 383-384 (1921/2). (5) Bedzik, Friedlander, 

MonaiaK 39, 380-381 (1908). (6) Claus, Oehler, Ber. 16, 314 (1882). (7) Willstatter, Schuler, 

Ber, 61, 365 Note, 367 (1928). (8) Friedlander, Sander, Ber. 67, 646-647 (1924). 
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3:1505 3,6-DICHLOROBENZOPHENONE Ci3H80Cl2 Beil. S.N. 653 

(3,5-Dichlor()phcnyl phenyl ketone) Cl 


cH 


c==o 



M.P. 65° <1) (2) 


Ndls. (from MeOH (l». 

(For prepn. from 3,5-dichloro-4-aminobenzophenonc (l^by removal of amino group 
via diazo reaction see (1); for prepn. from 3,5-diehlorobcnzohydrol by oxidn. with CrOs 
(75% yield) see {2).j 

C fused for 3 hrs. at 200° with a mixt. of KOH -f NaOH gives (2) BzOH (1:0715) and 
a trace of m-dichlorobenzene (3:5960). 

(© 3,6*Dichlorobenzophenone oxime: from C in ale. on refluxing 8 hrs with NHoOH HCl 
+ excess NaOH: after distilling off the alcohol, the mixt of two stereoisomeric oximes 
is pptd. by pouring into aq.; sepn. of the two isomers can be effected by fractnl. crystn. 
from dil. MeOH or dil. EtOH (1). 

orform (less-soluble i.somer), pi. or fine ndls., m.p 137°. [With PCI 5 in dry ether, fol- 
lowed by water, this form yiehls quant. 3,5-dichlorobenzanilidc, ndls. from dil. ale., 
m.p. 148° (1).] 

p-farm (more-soluble isomer), constituting 70% of reaction mixt., pr. m.p. 118°. [With 
PCU in dry ether, followed by water, this form yields a gummy product from which 
some benz-3,5-dichloroanilide, ndls. m.p. 148.5°, can be sepd. (1).] 

8:1505 (1) Waters, J. Chem. Soc. 1939 , 2108-2109. (2) Lock, Rodiger, Ber. 73, 869-870 (1939). 


3 : 1535 4-CHLORO-3-METHYLPHENOL 

(4-Chloro-m-cresol ) 


OH C7H7OCI 



Beil. VI - 381 
VIi-(187) 
Vl2-(355) 


B.P. 335° (1) 

334-336° (11) 


M.P. 66° (1) (11) 

57° (2) 

55.5° (3) 
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3:1535-3:1550 


Note that C is often desiji^nated in the literature as “ p-chloro-iri-cresol ” or even as 
“ 6-chloro-m-cresol care must be taken to avoid confusion with the isomeric 6-chloro-3- 
methylphenol (3:0700). 

Odorless cryst. (from Igr.). — Volatile with steam (3). 

Both the low-melting and high-melting forms appear to be authentic; whether they are 
different cryst. forms has never been detd. 

[For prepn. of C from 2-chloro-5-aminotoluene (4-chloro-3-methylaniline) [Beil. XII-871] 
via diazo reaction see (3); for comml. prepn. from m-cresol (1 : 1730) by chlorination with 
SO2CI2 see (1) (4) (84% yield (ll)).] 

[C on monobromination with Br2 in AcOH gives (8) 4-chloro-6-bromo-3-methylphenol, 
m.p. 70.0-70.5° (8); C on dibromination yields (9) 4-chloro-2,6-dibromo-3-methylphenol, 
m.p. 68.5-69.5° (9) (for use of latter in bromomctric detn. of C see (10)).] 

C treated with (CH3)2S04 + aq. NaOII gives its methyl ether, 4-chloro-3-methylanisole, 
b.p. 213.5° (2). [This methyl ether on oxidn. with dil. KMn04 (6.7 hrs. for 5 g.) gave 
(2) 2-chloro-5-methoxybenzoic ac. [Beil. X-143], ndls. from dil. AcOH (5), m.p. 173.5° (2)» 
170-171° (5), Ncut. Eq. 186.5. 

(0 4-Chloro-3-methylphenyl benzoate: from C + BzCl + pyridine, pi. from ale., m.p. 
86° (2) (3). [This benzoate htd. with 0.7 of its wt of AICI3 for 10 min. at 140° gives 
by Fries rearrangement 100% yield (6) of 2-hydroxy-5-chloro-4-methylbcnzophenone, 
yel. ndls. from dil. ale., m.p. 142° (6) ] 

(g) 4-Chloro-3-methylphenyl benzenesulfonate: from C 4- benzenesulfonyl chloride -f 
pyridine, pi. from ale., m.p. 66° (3). [Note that this value Is numerically the same as 
orig. C and that the deriv. must therefore be distinguished from it, e.g., by mixed m.p. 
or behavior with alk.] 

(g) 4-Chloro-3-methylphenyl ^-toluenesulfonate: from C f p-toluenesulfonyl chloride 
-b pyridine, pi. from ale. (2) (3), ndls. from It. pet (2), m.p. 98° (2) (3). [Note that 
this deriv. does not distinguish C from 6-chloro-3-methylphenol (3 : 0700) or 2-chloro-3- 
methylphenol (3:1055).] 

(g) 4-Chloro-3-methylphenyl A^-a-naphthylcarbamate: from C + a-naphthyl isocyanate 
in presence of trace of trimethyl- or tricthyl-amine in ether; cryst. from Igr., m.p. 
153-154° (7). 

3:1535 (1) Kallc and Co., Jan. 11, 1897, Ger. 90,847, FHedldrider 4 , 94 G894/7). (2) Gibson, 

J. Chem. Soc. 1926 , 1425-1428. (3) Huston, Chen, J. Am. Chem. Soc. 55 , 4214-4218 (1933). 

(4) I,a.schini?er, U.S. 1,847,560, March 1, 19.32, Cent. 1932 , II 1512, C.A. 26 , 2471 (1932). (5) 

Hodgson, Beard, J. Chem. Soc. 1926 , 154. (6) Rosenniund, Schnurr, Ann. 460 , 86 (1928). 

(7) French, Wirtel, J. Am. Chem Soc 48, 1736-1739 (1926) (8) von Walther, Zipper, J. jrrakt. 

Chem. (2) 91 , 378-379 (1915). (9) Huston, Neeley, J. Am. Chem. Soc 57 , 2178 (1935). (10) 

Deshusses, Mitt. Lebensm. Hyg. 32 , 250-254 (1941), C.A. 37 , 3023 (1943). 

( 11 ) Sah, Anderson, J. Am. Chem. Soc 63 , 3165 (1941). 


3 : 1550 2,5-DICHLORO-2,6- 
DIMETHYLHEXANE 
(Di-isocrotyl-6ts-hydro- 
chloride) 


M.P. 60-67° (1) 

64° (2) (3) 


C8H]6Cl2 

Cl Cl 

CII3— CHii— CH, 

in, in. 


Beil. 1-163 
Ii- 

^( 1 * 7 ) 


Colorless Ifts. or ndls., sol. in ale., ether, CHCI3, or CeHe. 

[For prepn. of C from 2,5-dimethylhexanediol-2,5 [Beil. 1-492, Ii-(256), Ir(657)J with 
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fumg. HCl <1) or AcCl (1) or in AcOH with HCl gas (100% yield (3)) see (1) (3); from the 
ring-closed internal ether of the above diol, viz., 2,2,5,5-tetrainethyltetrahydrofuran 
[Beil. XVII-17], with fumg. HCl see (2); for prepn. of C from 2,5-dimethylhexadiene-2,4 
(di-isocrotyl) [Beil. 1-269, lr(122), I2- (237)1 with HCl in s.t. see (2).] 

C on htg. boils at 180° with evolution of HCl <l). 

[C on slow distn. at 12-20 mm. over CO2 saturated sodarlime at 255-270° gives <3) 
by loss of 2 HCl 2,5-dimethylhexadiene-2,4 (see above), m.p. + 6° (2).] 

[For study of behavior of C with aq. ale. N /lO NaOH see (4).] 

3:1550 (1) Henry, Compt. rend. 143, 496-497 (1906). (2) Pogorzelski, J. Rilss. Phys.-Chem, 

Soc. 30, 977-992 (1898) ; Cent. 1890, I 773. (3) Staudingcr, Muntwyler, Ruzicka, Seibt, Hetv. 

Ckim. Acta 7, 395-396 (1924). (4) Tishchenko, J. Gen. Chem. (U.S.S.R.) 9, 1380-1388 (1939) , 

C.A. 34, 1611 (1940). 


3 ; 1665 2,4'-DICHLOROBENZOPHENONE 

(o-Chlorophenyl p-chlorophenyl ketone) 



C13H8OCI2 

iCl 


M.P. 66.5-67.0° (1) (2) B.P. 214-215° at 22 mm. (2) 

66° (3) (4) 

64.2-65.2° cor. (5) 


Beil. Vn- 420 
VUi— 


Pr. (from ale.). — [For erystallographic eonsts. see (3) (4).] — Rol, in most org. solv.; 
cryst. best from Igr. or cold dil, (60-75%) ale. <2). 

[For prepn. from o-chlorobenzoyl chloride (3:6640) + chlorobenzene (3:7903) -f AICI3 
in CS2 see (2); as by-product (besides 4,4'-dichlorobenzophenone (3:4270)) from p-chloro- 
benzoyl chloride (3:6550) + chlorobenzene (3:7903) -f AICI3 -j- CS2 see (3), or from p- 
chlorobenzoic acid (3j4940) -f chlorobenzene (3:7903) + AICI3 (yield 9-12%) see {!).] 
[For formn. of C from l,l-dichloro-2-(o-chlorophenyl)-2-(p-ehlorophenyl)ethylene 
(3 : 1925) by oxidn. with CrOa /AcOH see (5).] 

[C with aq. NaOH + trace CuO in Fe bomb (or in pres, of Fe powder) at 240° for 6 hrs. 
both ring-closes and hydrolyzes giving (87% yield {6» crude 3-hydroxyfluorenone, m.p. 
184-192° (6).] 

® 2,4'-Dichlorobenzophenone 2,4-dinitrophenylhydrazone: m.p. 230-231° (5). 

3:1565 (1) Newton, Groggins, Ind. Eng. Chem. 27, 1399 (1935). (2) Norris, Twieg, Am. Chem, 
J. 30, 397 (1903). (3) Montagne, Rec. trav, ckim. 25, 385-387 (1906). (4) Jaeger, Z. Kiiet. 
56, 52 (1921). (5) Haller, Bartlett, Drake, Newman, Cristol, Magerlein, Mueller, Schneider, 

J. Am. Chem. Soc. 67, 1599, 1602 (1945). (6) Britton, Moyle, Bryner (to Dow Chem. Co.), 

U.S. 2,377,751, June 5, 1945; C.A. 39, 4097 (1945). 


3:1595 2,6-DICHLOROPHENOL 



C6H4OCI2 


Beil. VI - 190 
VIi-(103) 
Vl2-(179) 


M.P. 67° (1) (2) 

66 - 68 ° ( 8 ) 


B.P. 219-220° at 740 mm. <2) cf. (3) 
80-85° at 4 mm. (2) 
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Cryst. from pet. eth. with penetrating odor suggesting o-chlorophenol or (if dilute) 
iodoform. — Misc. with ale., ether, volatile with steam. 

[For prepn. from p-hydroxybenzoic ac. (1:0840) by chlorination in AcOH followed by 
elimin. of CO 2 by htg. in quinoline see (4) (5) <8); for prepn. from phenol (1:1420) by 
prelim, sulfonation, subsequent chlorination in nitrobenzene, and final removal of sulfonic 
acid group by hydrolysis (70% yield <2)) see (2).] 

C is sol. in Na 2 C 03 soln. (1). [For study of ionization const, see (6).) 

C on nitration (no details) gives 2,6-dichloro-4-nitrophenol [Beil. VI-241], colorless ndls. 
from aq., m.p. 125° (7). 

C dislvd. in aq. alk. and shaken with (CH 3 ) 2 S 04 yields (1) (2) the methyl ether, 2,6- 
dichloroanisole, b.p. 105-106° at 20 mm. (2), m.p. 10.1° (1). 

[For study of rearr. of ethers (8) or esters (9) of C see indie, refs.] 

2,6-Dichlorophenyl acetate: b.p. 125-126° at 17 mm., Dit * 1.335, wj? ^ 1.6281 

<8). [From C with AC 2 O + pyridine (93% yield (8)).J 
(p 2,6-Dichlorophenyl benzoate: m.p. 74.0-74.5° (9). 

2,6-Dichlorophenyl />-nitrobenzoate: unreported. 

2,6-Dichlorophenyl 3,6-dinitrobenzoate: unreported. 

2,6-Dichlorophenyl benzyl ether: m.p. 39.5-40° (10). 

2,6-Dichlorophenyl p-nitrobenzyl ether: imreported. 

(g 2,6-Dichlorophenoxyacetic acid: ndls. from aq., m.p. 134.5-135.0° cor. (9). [From 
C with chloroacctic acid (3*1370) -f aq. alk. (9) ] 

2,6-Dichlorophenyl V-phenylcarbamate: unreported. 

2,6-Dichlorophenyl V-(a-naphthyl)carbamate: unreported. 

2,6-Dichlorophenyl V-(d-naphthyl) carbamate: unreported. 

3:1595 (1) Holleman, Hec. trav. chim. 37 , 96-103 (1918). (2) Huston, Neeley, J. Am. Ckem. 
Soc. 57 , 2177 (193.5). (3) Seifait, Ann. Suppl 7 , 203 (1870). (4) Richardson, J. Chem. Soc, 
1937 , 1364. (5) Bhckc, Smith, Powers, J. Am. Chem^ Soc. 54 , 1468 (1932). (6) Murray, Gordon. 

J. Am. Chem. Soc. 57, 110-111 (19.35) (7) Tarugi, Gazz. chim. ital. 30 , II 490-491 (1900). 

(8) Tarl^ell, Wilson, J Am. Chem. Soc. 64 , 1068-1069 (1942). (9) Tarbell, Fanta, J. Am. Chetn. 

Soc. 65 , 2172 2173 (1943). (10) Huston, Eldridge, J. Am. Chem. Soc. 53 , 2262-2263 (1931). 


3:1610 8-CHLORONAPHTHOL-l 


Cl OH C10H7OCI 



Beil. VI — 
VIi- 
Vl2-(582) 


M.P. 67° (1) 


Ndls. from aq. — Volatile with steam. 

[For formn. of C from 8-chloro-l-nitronaphthalene [Beil. V-556] by merely refluxing 
with aq. see (1).] 

C is sol. in aq. alk. giving orange-colored soln. which couples with solns. of diazonium 
salts (1). 

[For reactn. of C with benzotrichloride (3:6540) yielding 4-benzoyl-8-chloronaphthol-l, 
m.p. 121°, used in prepn. of triphenylmethane dyes see (2); with o-nitrophenylsulfenyl 
chloride see (3); for coupling of C with diazotized 2-hydroxynaphthylamine-l (or its 
relatives) yielding o-hydroxyazo cpds. see (4).] 

3:1610 (1) Woroshtzow, Koslow, Ber. 69, 412-415 (1936). (2) Soc. Chem. Ind. Basel, Ger, 
378.908, Aug. 7, 1923, Ger. 378,909, Aug. 11, 1923, Swiss 98,659, April 2, 1923; Cent. 1933 , IV 
594. (3) Akt.-Ges. Anilin-Fabrikation, Ger. 402,642; Sept. 17, 1924; Cent. 1024 , II 2606. (4) 

Soc. Chem. Ind. Basel, Brit. 180,433, June 22, 1922; Cent. 1933 , IV 841. 
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3 : 1615 ot-CHLOftOISOCROTOinC 
ACID 

(cw-2-Chlorobuten-2-oic 
acid-1 ; aZZo-a-chlorocrotonic acid) 


CH3— C— H 
HOOC— li— Cl 


C4Ht02Cl 


BeU. n - 415 
ni-(i89) 

nj-csge) 


M.P. 67.9-«7.5‘’ (1) 

66-67° (2) 

67° (3) 

66.2-66.5° (4) <SJ 
66 ° <6) <7) 

[jSec also a-cfdorocrotonic acid (3:2760).] 

Ndls. from aq. (2) (4) (5); note, however, that from aq. solns. of salts acidification first 
ppts. C as an oil. — C is more sol. aq. than its stereoisomer; e.g., C is sol. in 15.3 pts. aq. 
at 19® (8). — C is much more volatile with steam than its stereoisomer (3:2760) <4) (5). 

— C is spar. sol. cold but eas. sol. hot Igr. (8). 

Preparation. [For prepn. of C from lower-melting form (m.p. 63®) of a,/3-dichloro-n- 
butyric acid (3:1375) with excess 10% aq. NaOH at not above 10° see (4) (5) cf. (9).] 

Chemical behavior. C on htg. in s.t. at 150-160° for 12 hrs. (10), or with pyridine 
hydrochloride in pyridine 7 days at room temp, or rapidly at 100° (2), or even slowly on 
steam distillation (11) is converted to the stereoisomeric a-chlorocrotonic acid (3:2760), 
m.p. 99®. 

C on reduction with Na/Hg in aq. is dehalogenated yielding (12) (4) crotonic acid 
(1:0425), m.p. 72°; whether any isocrotonic acid (1: 1045), b.p. 169°, m.p. 15°, is formed 
at all is uncertain. 

C with CI2 in CS2 adds 1 mole halogen yielding (13) the same a,a,^-trichloro-n-butyric 
acid (3: 1280), m.p. 59.5-60°, also obtd. by like treatment of a-chlorocrotonic acid (3:2760). 

— The behavior of C with Br2 appears to be unreporttid. 

C behaves as a monobasic acid; dissociation const, at 25° is 1.58 X 10“® (14); Neut. Eep 
120 . 6 . 

Salts. [KA, ndls. from ale. in which it is much more sol. (viz., 1 pt KA in 22 pts. 99.5% 
ale. at 16.5° (4)) than its stereoisomer^ (use in sepn. (2) (9)), eas. sol. aq., BaA2.3)^Il20, 
eas. sol. aq. but spar. sol. ale. (8); PbA2.H20, ppt. (8).] 

[For study of rate of reactn. of C with K3ASO3 see (3) ] 

The acid chloride of C is unreportod. 


Methyl a-chloroisocrotonate: unreported. [However, for study of rate of esterifi- 
cation of C with MeOH see (15).] 

Ethyl a-chloroisocrotonate: oil; sec 3:9368. [Note also that C in EtOH with 

cone. H2SO4 at 100® gives only (7) the stereoisomeric ethyl a-chlorocrotonate (3:8523).] 

a-Chloroisocrotonamide: unreported. 

a-Chloroisocrotonanilide: unreported. 

a-Chloroisocroton-a-naphthalide: unreported. 

3:1615 (1) Stelling, Z. phyaik. Chem. B-34, 423 (1934). (2) Pfeiffer, Ber. 43, 3045 (1910). (3) 

Backer, van Oosten, Rec. trav. chim. 59, 67-58 (1940). (4) Wislicenus, Ann. 248, 288, 290 (1888). 

(6)Wi8licenu8, Bcr.20, 1008-1010 (1887). (6) von Auwers, Bcr. 56,724 (1923). (7) von Auwers, 

Ann. 432, 62 (1923). (8) Michael, Browne, Am. Chem. J. 9, 284 (1887). (9) Michael, Schul- 

thess, J. prakt. Chem. (2) 46, 256-266 (1892). (10) Michael, Pendleton, J. prakt. Chem. (2) 

88. 4 (1888). 

(11) Wislicenus, Ann. 248, 337 (1888). (12) Michael, J. prakt. Chem. (2) 46, 270-272 (1892). 

(13) Valentin, Ber. 28, 2661-2662 (1896). (14) Ostwald, Z. phyaik. Chem. 3, 244 (1889). (16) 

Michael, OecMin, Ber. 42, 322 (1909). 
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3:1618 (f,l-DESYL CHLORIDE 

(a-Chlorodesoxybeiizoin, 
ms-Q. hlorodesoxybcnzom, 
a-chlorobenzyl phenyl ketone, 
a-chlorona-pheiiyl-acetopherione ) 


Ci4Hnoa 



BeU. vn - 436 
vni.(334) 


68° 

(1) cf. (2) 

67.5° 

(3) (4) 

67.0-67.5 

°(5) 

67° 

(6) 

66-68° 

(7) 

66-67° 

(8) (9) 

66° 

(2) 

65.5° 

(10) 

65° 

(11) (12) 


White cryst. from MeOH, EtOH, or CHCI .1 by addn. of It. pet. — Note that on 
distillation under reduced press. C goes over with only slight decompn. as a green vapor 
which condenses to a green licjuid; on solidification much of this color is lost and recrystal- 
lization yields colorless C. — C is quite stable in dark; in sunlight, however, it turns brown 
and decomposes. 

PREPARATION OF C 

[For prepn. of C from benzoin (1:5210) with SOCI 2 in pyridine (yield 74-79% (9» 
(5) or with SOCI 2 directly (yield 90% (6» <2) (3) (10) (13) see indie, refs. — Note that 
/-benzoin with SOCI 2 undergoes racemization (7) yielding C.] 

[For formn. of C from a,a-<lichlorobenzyl phenyl ketone (ms,w-s-dichlorode8oxybenzoin) 
[Beil. VIl-436, VIli-(234)] by partial dehalogenative reduction using H 2 -h platinum 
oxide cat. (65% yield (1)) or AcOH Fc powder at 70-80° (15) sec indie, refs.; from 
l,2-diphenyl-l,2-cpoxycthylcne (diphenyloxene) with cone. HCl in s.t. at 120° for 2 hrs. 
see (11); from benzoyl-phenyl-diazomethane (azibenzil) [Beil. VIIi-(395)] in ether with 
HCl gas see (12) ] 


CHEMICAL BEHAVIOR OF C WITH INORGANIC REAGENTS 

Reduction. [C in ale. soln. with H 2 + platinum oxide cat. (1), or in AcOH with Fe 
powder on protracted treatment (14), gives benzyl phenyl ketone (desoxy benzoin) (1 : 5165).] 

Oxidation. [C with cone. HNO 3 on warming gives (14) dibenzoyl (benzil) (1:9015).] 

Halogenation. [C with Br 2 (1 mole) in AcOH at 100° for ^-hr. gives (10) a-bromo-a- 
chlorobenzyl phenyl ketone, m.p. 85°.] 

Behavior with alkalies and alkali carbonates. (For ale. alkalies see below under organic 
reactants.) — [C with powdered KOH (3 moles) in toluene refluxed 2 hrs. loses HCl and 
rearranges giving (20% yield (11)) 1,2-diphcnyl-l, 2-epoxyethylene (diphenyloxene), 
b.p. 174-180° at 18 mm., m.p. 52°; note, however, that two later workers (15) (29) have 
been unable to duplicate this report. — Note, however, that C with powdered KOH in 
dry ether gives (15) a mixt. of benzoic acid (1:0715), diphenylacctic acid (1:0765), des- 
oxybenzoin (1:5165), and benzil (1:9015).] 

[C with excess ignited Na 2 C 03 at 200° without solvent for 1 hr. gives (11) a mixt. (yield 
not stated) of both stereoisomeric l,2-dibenzoyl-l,2-diphenylethylenes (dibenzoylstilbenes) : 
higheivmelting isomer [Beil. VII-844], m.p. 232°; lower-melting isomer [Beil. Vll-843, 
VIIi-(453)], m.p. 212-214°.] 
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iC with NaSH in ale. soln. in cold gives (16) benzoyl-phenyl-carbinyl mercaptan (des- 
ylthiol), m.p. 42-44® (benzoyl ester, m.p. 110-112® (16)), accompanied by two forms of 
didesyl sulfide, one of m.p. 168-169°, the other of m.p. 128-129® (16).] 

Behavior with metals. [C with Na in CeHe evolves H2 and on warming gives a mixt. 
which with aq. followed by dil. acid gives (2) a mixt. of benzoic acid (1:0715) + benzilic 
acid (1 : 0770) together with an unidentified neutral oil.) 

Behavior with other inorganic reactants. [C with moist silver oxide in ethylene glycol 
at 100° for 3 hrs., then boiled 2 hrs., gives (29) l,2-dibenzoyl-l,2-diphenylethane (bidesyl) 
[Beil. VII-841, VIIi-(452)], m.p. 254-255® (29).] 

CHEMICAL BEHAVIOR OF C WITH ORGANIC REACTANTS 

Behavior with arom. hydrocarbons + AlClg. [C with CeHe (1:7400) + AICI3 gives 
(78% 3rield(17)) (18) (19) w-diphenylacetophenone (ms-phenyldesoxy benzoin = triphenyl- 
vinyl ale.) [Beil. VII-522, VIIr(291)], m.p. 137® (19), 136-136® (17) (18). — C with toluene 
(1:7405) + AICI3 gives (77% yield (17)) a)-phenyl-a)-(p-tolyl)acetophenone (a-(p-tolyl)- 
desoxybenzoin), m.p. 97-98° (17). —C with mesitylene (1:7455) + AICI3 in CS2 gives 
(13) «-phenyl-w-mesitylacetophenone (a-mesityldesoxybenzoin), m.p. 111-112° (13).] 
(See also below under reactn. of C with RMgX cpds.) 

^Behavior with organic hydroxy or mercapto compounds. With alcohols (or alkoxides). 
[C in MeOH with MeOH/NaOMe gives (80% yield (11)) l,2-diphonyl-l-methoxy-l,2- 
epoxyethane, b.p. 194-196® at 16 mm., accompanied by some cis 4- tra7is dibenzoylstilbene 
(see above).] 

[C in Eton with EtOH/NaOEt gives similarly a prod., b.p. 188° at 12 mm., regarded 
(11) as 1,2-diphenyl-l-ethoxy-l, 2-epoxypropane. — Note, however, that C inEtOH/ 
NaOEt or with ale. NaOH at 25® gives (5) cf. (1) benzoin (1 : 5210) and that under certain 
conditions an apparently intermediate benzoin diethylacetal C6H6CH(OH).C(OC2H6)2.- 
CeHs, m.p. 66-67®, can be isolated (5).] 

With 'phenols (or alMi phenates). [C with phenol -f anhydrous K2CO3 in acetone 
refluxed 5 hrs. (20) or C with Na phenate (21) gives (59% yield (20)) de.syl phenyl ether 
(the phenyl ether of benzoin), m.p. 85.5® (21), 85® (20); note that this prod, is isomeric 
with, but different from, m«-phenylbenzoin [Beil. VIII -211], whose m.p Is almost the same; 
note also that desyl phenyl ether on attempted distillation at ord. pres.s. undergoes a fission 
into phenol and a cpd. regarded (21) as 2,2,4,4-tetraphenylcyclobutanedione-l,3, m.p. 
244-246®.] 

With mercaptans. [C -f a-mercaptoacetic acid (thioglycolic acid) at 100® for 6 hrs. 
evolves HCl and yields (22) jS-desylthioglycolic acid, m.p. 105° (corresp. oxime, m.p. 123°; 
corresp. semicarbazone, m.p. 178® (22)). —C with jS-mercaptopropionic acid at 100® for 
6 hrs. evolves HCl and yields (16) /5-(desylthio)propionic acid, m.p. 108-109°.] 

[C with thiophenol in EtOH /NaOEt gives in good yield (16) desyl phenyl sulfide, m.p. 
83-84° (16), 81° (23). — C in MeOH with aq. sodium thiosalicylate gives (22) iS-desylthio- 
salicylic acid, m.p. 189°.] 

Behavior with carbonyl compounds. [For behavior of C with cyclohexanone sodium 
in di-n-butyl ether see (24).] 

Behavior with organic acids (or their salts). [C with anhydrous NaOAc in excess AcsO 
refiuxed 1 hr. yields (11) mainly the /S-stereoisomer, m.p. 153®, of l,2-diacetoxy-l,2-di- 
phenylethylene [Beil. VI-1026, VIi-(499)J, accompanied by some of the more sol. a-stereo- 
isomer, m.p. 118®.] 

[C -h K thiobenzoate in abs. ale. boiled 10 min. gives (100% yield (16)) desyl thiobenzo- 
ate, m.p. 110-112®.] 

[C in aq. ale, KCN does not directly eliminate KCl and give the corresp. desyl cyanide 



213 


SOLIDS 


3:1618 


(ms-cyanodesoxybenzoin) [Beil. X-755, Xi“(360)] which might be expected although this 
compd., m.p, 90-92® <25), 89-90° (26), is well known and preparable (yields 60% (26), 
47% (26)) from benzyl cyanide + ethyl benzoate and otherwise. — Instead C in aq. ale. 
KCN loses HCl and gives (27) (28) l-cyano-l,2-diphenyH ,2-epoxyethane (a-cyano-a,d- 
dipheny 1-ethylene oxide) which obviously can exist in two geometrically stereoisomeric 
forms: one has m.p. 74° (27), 77-78° (28); the other has m.p. 52° (27); for much further 
detail especially with reference to further reactn. prods, of these epoxynitriles see (27) 
(28).l 

Behavior of C with RMgBr reactants. (See also above under behavior of C with hydro- 
carbons -f AICI3.) 

[C with CeHsMgBr (2 moles) gives (29) (21) the prod, normally to be expected, viz., 

l, 1,2,2-tetraphenylethanol-l [Beil. VI-7.32, VIi-(364)l, m.p. 236° (21) (30), 230.5° (29); 
the intermediate ketone, viz., ws-phenyldesoxybenzoin (for consts. see above reference) 
may sometimes (21) be formed, but for discussion of possible alternative mechanisms see 
<21J (29).] 

C with the three tolyl MgBr reactants has been studied, but the reaction is complex and 
shows no tendency to go way through to the expected tetraarylethanols (only one of which 
has been reported by any means). — [C with o-tolyl MgBr (2 moles) gives (29) a mixt. 
of prods., including the exp(‘cted intermediate ketone, viz , ws- (o-tolyl )desoxybenzoin, 

m. p. 56-57° (32); note, however, that the l,2-diphenyl-l,2-di- (o-tolyl )ethanol-l which 
should be the end prod, is unknown. — C with m-tolyl MgBr gives (29) similarly a mixt. 
of prods, including the intermediate ketone, viz., ms- (m-tolyl )desoxybenzoin, m.p. 83-84° 
(32), 82.5-83.5° (29), 82-8;i° (33), but again the ultimate l,2-diphenyl-l,2-di- (m-tolyl )- 
ethanol-1 is unknown. — C w'ith p-tolyl MgBr (2 moles) gives (31) the ketone ms-(p- 
tolyl)desoxybcnzoin, m.p. 97-98° (17), 96-97° (31); the ultimate l,l-diphenyl-l,2-di- 
(p-tolyl)ethanol-l, m.p. 195-196°, has been obtd. by other means (29).] 

Behavior of C with amines. With pi'imary amines. [C (1 mole) with aniline (2 moles) 
in ale. at room temj). for 24 hrs. gives (6) A^-(desyl) aniline (benzoin anil =ms-anilinodesoxy- 
benzoin) [Beil. XIV-103, XIVi-(395)l, m p. 99°; note that C with aniline at 140-150° for 
Ihr. (34)ppts. aniline hydrochloride and leaves a mixt. contg. benzoin-anil =anilide (cf. (35)) 
since with benzaldohydo at 150- 160° for 1 hr. under CO2 it yields pentaphenyldihydroimida- 
zole (34). — C with p-toluidine in ale. at room temp, for 24 hrs. gives (3) similarly N- 
(desyl)-p-toluidine (ms- (/>-toluidino)desoxy benzoin), m.p. 145°.] 

[For corresp. reactns. of C with m-chloroaniline, p-chloroaniline, m-bromoaniline, p- 
iodoaniline, 7>-aminophcnol, p-phenetidme, p-aminoacetanihde, or ethyl p-aminobenzoate 
see (3); for study of rate of this group of reactns. see (4); note that o-toluidine, o-chloroaniline, 
and o-anisidine do not undergo this reactn. (3).] 

With secondary amines. [C with Me2NH (2-3 moles) in ale. in s.t. at 100-110° gives 
(36) ms- (dimethylaraino)de.soxybenzoin, m.p. 59-61° (36).] 

[C (1 mole) with iV-methylaniline (2 moles) in ale. refluxed 2^ hrs. gives (47% yield 
(3)) ms- (iV-methyl-iV-phenylamino)desoxybenzoin, m.p. 100°; if reactants in ale. are 
stood at room temp, for 100 days, yield is 61% (3).] 

[C with piperidine at 100° for 20 min. gives (8) ms- (piperidino)desoxybenzom [Beil. 
XXr(14)], m.p. 85-86° (8)J 

With phmylhydranne. C (1 mole) with phenylhydrazine (2 moles) in abs. ale. at room 
temp, for 3 days ppts. phenylhydrazine hydrochloride and yields (37) benzil bis- (phenyl- 
hydrazone) = benzil-phenylosazone, m.p. 233° dec. (37) [cf. under benzil (1:9015)]. 

® iV-Desylphthalimide [Beil. XXI-480, XXIi-(374)]: pale yel. cryst. from AcOH. 
m.p. 157-158° (38), 155-156° (39). [From C with K phthalimide at 100° for 2 hrs, 
(24% yield (39)); note that C + potassium phthalimide in nitrobenzene at 160-160° 
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for 1^ hrs. gives a mixt. of iV-desylphthalimide With the lower-melting stereoisomer 
of dibenzoylstilbene (l,2-dibenzoyl-l,2-diphenylethylene) [Beil, VII-843, VIIi-(453)I, 
m.p. 208° (39) (see also above).] 

3:1618 (1) Buck, Ide, J. Am, Chem. Soc. 54, 4363 C1932). (2) Schroeter, Caspar, Ber. 42, 2348- 
2349 (1909). (3) Cameron, Nixon, Basterfield, Trans. Roy. Soc. Canada (3) 25, III 146-166 

(1931); Cent. 1632, I 2032; C.A. 26, 3260 (1932). (4) Cameron, Nixon, Basterfield, Trans. 

Roy. Soc. Canada (3) 25, III 157-169 (1931), Cent. 1932, I 2033; C.A. 26, 3251 (1932). (5) 

Ward, J, Chem. Soc. 1929, 1541-1553. (6) Cameron, Trans. Roy. Soc. Canada (3) 23, III 63-60 

(1929); Cen<. 1936, I 1133, C.A. 24, 610 (1930). <7) McKenzie, Wren, J. Chem. Soc. 97, 481- 

482 (1910). (8) Henley, Turner, J. Chem. Soc. 1931, 1186. (9) Ward, Org. Syntheses^ CoU. 

Vol. 2 (lat ed.) 159-160 (1943) , 12, 20-21 (1932). (10) Taylor, Forscey, J. Chem. Soc. 1930, 2276. 

(11) Madolung, Obcrwegner, .4nn. 194, 224-234 (1931). (12) Curtius, Lang, J. prakt. Chem. 

(2) 44, 548-549 (1891). (13) MaxweU, Adams, J. Am. Chem. Soc. 52, 2970 (1930). (14) Lacho- 

wicz, Ber. 17, 1163 (1884). (15) Richard, Compt. rend. 197, 1432-1434 (1933). (16) Schonberg, 

Iskander, J. Chem. Soc. 1942, 93-94. (17) Koelsch, J. Am. Chem. Soc. 54, 2051 (1932). (18) 

Richard, Compt. rend. 200, 754 (1935). (19) Anschutz, Forster, Ann. 368, 93-94 (1909). (20) 

Bradsher, Rusher, J. Am. Chem. Soc. 61, 1626 (1939). 

(21) Richard, Compt. rend. 198, 1242-1244 (1934). (22) Behaghcl, Schneider, Ber. 68, 1690, 

1593 (1935). (23) Mitchell, Smiles, J. Chem. Soc. 1933, 1529. (24) Allen, Can. J. Research 4, 

271-272 (1931). (25) Kohler, Blatt, J. Am. Chem. Soc. 50, 507-608 (1928). (26) Howk, 

McElvain, J. Am. Chem. Soc. 54, 286 (1932). (27) Kohler, Brown, J. Am. Chem. Soc. 55, 4299- 

4304 (1933). (28) Richard, Compt. rend. 198, 943-945 (1934). (29) Roger, McGregor, J. 

Chem. Soc. 1934, 1850-1853. (30) Wegler, Ber. 67, 35-39 (1934). 

(31) McKenzie, Roger, McKay, J. Chem. Soc. 1932, 2603. (32) Roger, McKay, J. Chem. 

Soc. 1933, 336. (33) Roger, McGregor, J. Chem Soc. 1932, 443. (34) Lajngcnbeck, Hutschen- 

reuter, Jfittemann, Ann. 485, 54, 67-68 (1931). (36) Strain, J. Am. Chem. Soc. 50, 2221 (1928). 

(36) Thomson, Stevens, J. Chem. Soc. 1932, 1937. (37) Bodforas, Ber 71, 481 (1939). (38) 

Neumann, Ber, 23, 995 (1890). (39) McKenzie, Barrow, J. Chem. Soc. 103, 1333 (1013). 

3:1620 2,4,6-TIUCHLOROPHENOL OH CcHaOCL 

J? 

M.P. 68° (1) (2) B.P. 244-248° at 746 mm. (5) (9) 

67 . 5 ° (3) 

66 - 67 ° ( 4 ) 

66° (5) (6) (7) 

64 - 65 ° ( 8 ) 

63 ° ( 9 ) 

Colorless ndls. from ale. or Igr. — Volatile with steam. — Sublimes. 

[For prepn. of C from 1,2,4,5-teirachlorobenzene (3:4115) with MeOH/NaOH in s.t. 
at 160° for 7 hrs. (yields; 85% (5), 80% (10)) (note that by this method C is sometimes 
sole product (5), at others is accompanied (7) (10) by some of its methyl ether (2,4,5- 
trichloroanisole) (see below)) see indie, refs.; from 2,4,5-trichloroaniline via diazotization 
in cone. H2SO4 as directed followed by htg. at 170-180° (65% yield (9)) see indie, refs.; 
from 2,4,5-trichloro-l-fluorobenzene with NaOMe see (6); from 3,6,6-trichloro-2-hydroxy- 
benzoic acid by htg. with soda-lime at 185° see (3); from 2,4-dichloro-5-aminophenyl o- 
amino-2>'toluenesulfonate via diazotization, use of CU2CI2 reactn., and subsequent hydrolysis 
as directed see (4); from 2,5-dichlorophenol (3: 1190) with CI2 in AcOH (9) or in AcOH + 
NaOAc (4) see indie, refs.] 

C behaves as a weak monobasic acid (ioniz. const, at 26° = 4.3 X 10~® (2)) but can be 
titrated with N/10 aq. NaOH; Neut. Eq. calcd. 197.5, found 197.1 (1). — C forms a spar. 


Beil. VI — 

VIi— 

Vl 2 -( 180 ) 
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sol. K salt <4). — C in toluene treated with MeOH/NaOH yields <11 ) anhydrous Na salt; 
from aq. this prod, cryst. as pentahydrate <12). — [For prepn. of Na, K, or Li salts see <12), 
of Ca or Ba salts sec <13), of Zn salt see (14). — For use of these salts as fungicides see 
(11) (12) (13) (14) (15); for use of C with triphenyl phosphate as wood preservative see 
(16).] 

C with Br2 in AcOH (9) or with excess Br2/aq. (17) yields 6-bromo-2,4,5-trichlorophenol, 
cryst. from AcOH or It. pet., m.p. 81-82® (17), 81® (0) (corresp. benzoate, m.p. 116-117° 
(9)). — C with Br2 in pres, of Fe powder yields (9) 3,6-dibromo-2,4,5-trii*hlorophenol, 
ndls. from AcOH, m.p. 195° (9) (corresp benzoate, m p. 176° (9)). 

C treated below 10° w'ith cone. HNO3 {D = 1.43) in AcOII gives (90% yield (5)) 6- 
nitro-2,4,5-trichlorophenol, pale yel. Ifts. from Igr., m.p. 92-93° (5), 81® (9). 

C dislvd. in 20% NaOH refluxed with Me2S04 gives (78.5% yield (5)) (9) corresp. methyl 
ether (2,4,5-tricliloroariisole), ndls. from ale., m.p. 75® (5), 77.5° (9). 

(g 2,4,6-Triclilorophenyl benzoate: ndls. from ale , m.p. 92-93® (9), 91-92" (4), 89-90° 
(3). [From C in dil. alk. by shaking with benzoyl chloride (9).] 

(g 2,4,6-Trichlorophenoxyacetic acid: m.p. 153° (see 3:4335). 

3:1620 (1) Tiessens, Rec. trav. chim. 50 , 114 (1931). (2) Tiessens, Rec. trav. chim. 48 , 1068 (1929). 

(3) Farinholt*, Stuart, Twiss, J, Avi rhem Soc. 62 , 1240 (1940) (4) Groves, Tumor, Sharp, 

J. Chem. tSoc. 1929 , .516-517. (5) Hanison, Peters, Eowe, J. Chem. Soc 1943 , 235-237. (6) 

de Crauw, Rec. trav. chim. 48 , 10(>4-10G5 (1929). (7) Ilolleman, Rcc trav. chim. 39 , 736-738 

(1920). (8) AGFA, Ger. 349,794, March 9, 1922, Cent. 1922 , IV 45. (9) Kohn, Fink, 

Monatf<h 68 , 83-86 (1931) (10) A.G F A , Ger. 41 1,052, March 23, 1925, Cent. 1925 , I 2411. 

(11) Mills (to Dow (^hem Co), US 1,9.55,080, Apiil 17, 1934, Cent 1934 , II 1991. (12) 

Mills (to Dow Chem Co ), U S. 1,991,329, Feb. 12, 1935, Cent. 1935 , II 2430. (13) Mills (to 

Dow Chem Co ). U S. 2,039,431, May 5, 1936. Cent 1937 , I 984 (14) Mills (to Dow Chem 

Co), US. 1,994,002, March 12, 1935, Cent 1935 , II 2431 (15) Ellis (to Insulite Co.), U.S. 

2,161,654, June 6, 1939. Cent 1939 , II 4620 (16) Norton (to Dow (^hem. Co ), U S. 2,304,013, 

Dec. 1, 1942, C A. 37 , 2908 (1943). (17) Fox, Turner, J. Chem. Soc. 1930 , 1863 


3:1626 1,4,6-TRICHLORONAPHTHALENE Cl C10H5CI3 

aCQ 

M.P. 69® (4) 

68 ® ( 1 ) 

65® (2) (3) (5) (7) 

58® (1) 

56° (2) (3) (7) (8) see text 

Ndls. from ale.; spar. sol. boilg. ale, (2). — Volatile with steam. — Sublimes. 

C shows the double m.p. phenomena, also exhibited by several of its isomers; if the fused 
C in a m.p. tube is allowed to cool and then withdrawn from the bath it soon solidifies 
to a translucent mass which upon immediate reimmersion melts at 58°, but if left for a short 
time in the air it becomes opaque and then shows m.p. 68°; the translucent form rarely 
persists more than 20 min. (1). 

[For prepn. of C from 5,8-dichloronaphthylamine-2 [Beil. XII-1310] via diazotization 
and use of CU2CI2 reactn. sec (4); for prepn. of C from l,6-dichloro-4-nitronaphthalene 
[Beil. V-566] (5) (2), from 4,6-dichloronaphthalenesulfonyl chloride-1 [Beil. XI-162] (6), 
from 4,7-dichloronaphthalenesulfonyl chloride-1 [Beil. XI-163] (7), from 1,4-dichloro- 
naphthalenesulfonyl chloride-7 (Beil. XI-183] (8) (6), from l-chloro-4-nitronaphthalene- 


Beil.V-646 

Vi— 

V2~ 
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Bulfonyl chloride-6 [Beil XI-1891 (9), from l-chloro-4-nitronaphthalenesulfonyl chloride-7 
[Beil. XI-1881 (9), from l-chloronaphthalene-4,6-6is-(sulfonyl chloride) [Beil. XI-2161 (3), 
or from l-chloronaphthalene-4,7-6is-(sulfonyl chloride) [Beil. XI-214] (2), each with PCls 
as directed, see indie, refs.) 

[C treated with CISO3H in CS 2 and reaction prod, converted to salts as directed (1) 
yields sodium 1,4,6-trichloronaphthalenesulfonate-X (corresp. sulfonyl chloride, m.p. 144® 
< 1 )).] 

[C on oxidn. with dil. HNO 3 in s.t. at 150-160° for several days (8) yields a dichloro- 
nitro-phthalic acid not further characterized.] 

3:1625 (1) Turner, Wynne, J. Chem. Soc. 1941 , 247, 254. (2) Armstrong, Wynne, Chent, News 

61 , 94 (1890). (3) Armstrong, Wynne, Chem. News 62 , 162-163 (1890). [4) Claus, Jack, J. 

prakt. Chem. (2) 61 , 3-4 (1898). (5) Cleve, BtUl. soc. chim. (2) 29 , 600 (1878). <6) Armstrong, 

Wynne, Chem. News 61 , 273, 275 (1890). <7) Cleve, Ber. 24 , 3479 (1891). (8) Widman, Ber, 

12 , 962 (1879). (9) Cleve, Chem. Ztg. 17 , 398 (1893). 


3:1655 1,4-DICHLORONAPHTHALENE 



CioH6Cl2 


Beil. V - 549 
Vi-(969) 
V2-(445) 


68-69° 

(1) 

68° 

(2) (14) 
(16) (22) 
(24) (36) 

67-68° 

(3) (30) 

67.5° 

(15) (33) 

67° 

(17) 

67.4-68° 

(4) 

66.6-67° 

(5) 

66.5° 

(6) 

66-67° 

(7) (18) 

65.5-66.5° 

(8) 

65-66° 

(9) 

63-64° 

(10) 


B.P. 986-987° at 740 mm. (7) 
147° at 12 mm. (2) 


Ndls. from ale.; spar. sol. ale., more sol. AcOH, very eas. sol. acetone. 

[For sepn. of C from mixts. with a-chloronaphthalene (3:6878) via sulfonation of the 
latter sec <11); for use of C as wood impregnant see (12).] 

[For prepn. of C from 1-aminonaphthalenesulforiic acid-4 (naphthionic acid) [Beil. 
XIV-739, XIVi-(732)] via convn. to diazonium salt and htg. with PCh (13) in POCls 
(7) (3) (6) see indie, refs.; from l,4-dichloronaphthylamine-7 [Beil. XII-1310] via diazotiza- 
tion and reactn. with ale. see (14); for prepn. of C from 4-chloronaphthalenesulfonyl chloride 
[Bed. XI-160] with PCI5 (yields: 65-70% (5), 49% (4)) (16) (16) see indie, refs.; from K 
44>romonaphthalenesulfonate-l [Beil. XI-1641 (17), from naphthalene-1 ,4-6is- (sulfonyl 
chloride) [Beil. XI-212] (9), from 4-nitronaphthol-l [Beil. VI-615] (18), from l-chloro-4- 
nitronaphthalene [Beil. V-655, Vi-(264)] (18), with PCU as directed see indie, refs.] 

[For prepn. of C from naphthalene (1 : 7200) with SOCI 2 in s.t. at 170-180° (10), with 2 
moles SO 2 CI 2 at 140-160° (19), with CI 2 + FeCls in CCI 4 at 0° (together with other products) 
(20), or with HOCl (8) see indie, refs.; from 1-chloronaphthalene (3 ; 6878)* with SO2CI2 
at 100-180° (21) or with CI 2 (together with other products) (1) see indie, refs.; for formn. 
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of C from naphthalene 1,2,3,4-tetrachloride (3:4750) on htg. at b.p. (22) or by actn. of ale. 
KOH (23) (24) (25) (26) (33).] 

[C with benzoyl chloride (3:6240) -h AICI3 in CS2 yields (27) 1,4-dichloro-S-benzoyl- 
naphthalene, m.p. 104-105® (27), which with ale. gives (28) isoviolanthrone; for reactn. of 
C with phthalic anhydride see (29).] 

[C on mononitration with HNOa (D — 1.45) yields (30) l,4-dichloro-8-nitronaphthalene 
Beil. V-556, V-i(264)], m.p. 92® (30), 93® (31); note that the isomeric l,4-dichloro-2-nitro- 
naphthalene, m.p. 116.5®, has been obtd. only by indirect means (32).] 

[C on monosulfonation with fumg. H2SO4 at 160°, with sulfuric acid monohydrate at 
ord. temp. (34), or with CISO3H in CS2 (33) jrields 1,4-dichloronaphthalenesulfonic acid-6 
[Beil. XI-183, XIr(41)] (corresp. sulfonyl chloride, m.p. 132® (33), corresp. sulfonamide, 
m.p. 244® (33)).] 

C on oxidn. with boilg. dil. HNO3 {D = 1.3) yields (35) 3,6-dichlorophthalic acid (3:4870); 
C on oxidn. with CrOa/AcOH yields (36) 5,8-dichloronaphthoquinone-l,4 [Beil. VII-730], 
yel. iidls. from ale., m.p. 173-174° (36), together with 4,7-dichlorophthalide [Beil. XVII- 
312], m.p. 163® (36). 

3:1655 (1) Turner, Wynne, J. Chem. Soc. 1941, 245. (2) von Aiiwers, Friihling, Ann. 422, 195 

(1921). (3) Weissberger, Sangcwald, Hampson, Trans. Faraday Soc. 30, 890 (1934). (4) 

Beattie, Whitmore, J. Am. Chem. Soc. 55, 1546-1548 (1933). (5) Zirbermann, Hashevekaya, 

Martyntseva, J. Applied Chem. {U.S.S.R) 9, 1832-1840 (1936); Cent. 1937. I 4786, C.A. 31, 
2597 (1937). (6) Wahl, Vermeylen, Compi. rend. 184, 334-336 (1927). (7) Erdmann, Ann. 

247, 351-352 (1888). (8) Klingstedt, Wiese, Rudback, Acta Acad. Aboensis Math, et Phya. 4, 

No. 2, 1-36 (1927); Ccn^. 1928, I 504; C.A 23, 1399 (1929). *(9) Ferrero, Bolliger, Helv. Chim. 
Acta 11, 1146-1147 (1928). (10) Moyer, Moruitsh. 36, 728-729 (1915). 

Ul) Holsoher (to Deutsche Solvay-Werke), Ger. 695,690, Aug. 1, 1940; C.A. 35, 5519 (1941). 

(12) Rochling’scho Risen und Stahlwerko, Ger. 415,228, June 16, 1925, Cent. 1925, II 1239. 

(13) Cleve, Bcr. 10, 1723-1724 (1877). (14) Claus, Phihpson, J. %yrakt. Chem. (2) 43, 60 (1891). 

(15) Cleve, Bull. soc. chim. (2) 26, 242-243 (1876). (16) Cleve, Arnell, Bull. soc. chim. (2) 39, 

62 (1883). (17) Cleve, John, BuU. soc. chim. (2) 28, 616 (1877). (18) Atterberg, Ber. 9, 1187 

(1876). (19) Farbwerke Meister Lucius Briining, Ger. 286,489, Oct. 22, 1913, Cent. 1915, II 

677, C.A. 10, 1912 (1916). (20) B.A.S.F., Ger. 234,912, May 26, 1911 ; Cent. 1911, II 63. 

( 21 ) Armstrong, Chem. News 66, 189 (1892). (22) Krafft, Becker, Ber. 9, 1089 (1876). (23) 

Faust, Saame, Ann. 160, 66, 70 (1871). (24) Widman, Ber. 15, 2161 (1882). (26) Cleve, Ber. 

23, 954 (1890). (26) Armstrong, Wynne, Chem. News 58, 264 (1888). (27) I.G., French 664,016, 

Aug. 28, 1929, Cent. 1930, I 1221. (28) I.G., Brit. 303,123, Feb. 20, 1929, Cent. 1929, I 2705. 

(29) Waldmanii, J. prakt. Chem. (2) 131, 80 (1931). (30) Widman, BuU. soc. chim. (2) 28, 609 

(1877). 

(31) Friedlander, Karamessinis, Schenk, Ber. 55, 46, 50 (1922). (32) Hodgson, Crook, J. 

Chem. Soc. 1936, 1500-1503. (33) Armstrong, Wynne, Chem. News 61, 273, 284 (1890). (34) 

B.A.S.F., Ger. 229,912, Jan. 11, 1911, CerU. 1911, I 358. (35) Atterberg, BuU. soc. chim. (2) 

27, 409 (1877) , Ber. 10, 547 (1877). (36) Guareschi, Ber. 19, 1156 (1886). 

3:1670 3.6-DICHLOROPHENOL OH C(^l40Cl, VI -190 

a VIi-(103) 

WUT.) 

M.P. 68® (1) (2) B.P. 233® at 767 mm. (i) {4> 

122-124® at 8 mm. (2) 

Cryst. (from pet. eth. (1)). — Spar. sol. cold aq., fairly eas. sol. hot aq. (2). Volatile 
with steam (3). [For study of dissociation const, see (7).] 

[For prepn. from 3,5-dichloroaniline [Beil. XII-626] via diazo reaction see (1) (2) (3) 
(4); for prepn. from 1,3,5-trinitrobenzene via 3-amino-5-chloroanisole see (5) or via 3,5- 
dichloroanisole see (6).] 
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C is readily nitrated; e.g., C (16 g.) dislvd. in a soln. of NaNOs (12 g.) in aq. (180 ml.), 
treated during 1 hr. at 00-100° by grad. addn. of dil. H2SO4 (1 :5; 48 ml.), htd. 2 hrs. then 
steam-distd., gave (3) in distillate 3,5-dichloro-2-nitrophonol (5 g.), lemon-yel. ndls. from 
pet. ether m.p. 51°, and by repeated hot dil. HCl extraction of tarry residue 3,5-dichloro-4- 
nitrophenol (6 g ) pale ycl. ndls. from aq., m.p. 150° (3). [This latter product also results 
from the action of nitrous acid (3).] 

C dislvd. in 4 pts. AcOH and treated with 3 pts. fumg. HNO3 for hr. at 70° (2) gives 
(60% yield (2)) of 3,5-dichloro-2,4,6-trinitrophenol, pale yel. pr. from AcOH, m.p. 139- 
140° cor. (2). 

C dislvd m 5 pts. AcOH gives with Br2 (as specihed (4)) 100% yield of 3,5-dichloro- 
2,4,6-tribromophenol, cryst. from AcOH, m.p. 189° (4). 

C dislvd in aq. NaOH and shaken with (CH3)2S04 gives the methyl ether, 3,5-dichloro- 
anisole, m.p. 39° (6). [The value of 68° given in Ref. 6, p. 104, is probably erroncous.l 

(p 3,6-Dichlorophenyl acetate: m.p. 38° <5). 

(g) 3,6-Dichlorophenyl benzoate: m.p. 55° (5). 

3:1670 (1) Blanksma, Rec. Iran. chim. 27, 29-30 (1908). (2) Willstiitter, Schudcl, Ber. 61, 784- 

787 (1918) (3) Hodgson, Wignall, ./ Chem. Soc. 1927, 2217-2218. (4) Kohn, Pfeifer, Monatsh. 

48, 237-239 (1927). (5) Hodgson, Wignall, ,/. Chem. Soc. 1926, 2077-2079. (6) Holleman, 

Rec. trav. chim. 37, 103-107. 201 (1918). (7) Murray, Gordon, J. Am. Chem. Soc. 67, 110-111 

(1935). 


3 ; 1673 2,4,6-TRICHLOROPHENOL 



C6H3OCI3 


Beil. VI - 190 
VIi-(103) 
Vl2-(181) 


69.6° 

(1) 

B.P. 246° 

at 760 mm. (1) 

69° U.C. 

(2) 

245° 

(8) 

69° 

(3) (4) 

243.5 244.5° 

(12) 

68° 

(6) (6) (7) (8) 

242-246° 

at 748 mm. (9) 

67-68° 

(9) (10) (11) 




(12) (23) 



67.0° 

(13) 



67° 

(14) 



66.7° 

(15) 



66-67° 

cor. (16) 




Colorless cryst. from Igr. — Ndls. with 1 mole solvate from AcOH, latter lost over CaO 

(17). 

C is almost insol. aq.: 1000 g. aq. at 11.2° dis. 0.51 g. C (14); at 25.4°, 0.858 g. C (14); at 
96°, 2.43 g. C (14). — C is volatile with steam, but not from alk. soln (difference and sepn. 
from o-chlorophenol (3:5980) or p-chlorophcnol (3:04.75) (18)). — C is eas. sol. ale. or 
ether. 

Binary systems contg. C. — ^ + nitrobenzene: this system forms a 1:1 moleimlar 
compound, m.p. 31°; this compd. forms with C a eutectic, m p 28 7° contg. 65 wt. % C, 
and with nitrobenzene a eutectic, m p. + 2.0° contg. 15 5 wt. % C; for data and f p. /compn. 

diagram see (13), — C + diphenylamine: for partial f p. /compn. data and diag. see (19). 

C + 2fA^6-trihromophenol: for f.p. /compn. data and diag. see (20). — C + a,aya,a'-tetra- 
methylphthalan: for study of this system see (15). — (? -f 2,4,(>-trinilrore8orcinol (styphnic 
acid): forms no mol. cpd. but gives a eutectic, m.p. 60° contg. 91.8% C (21). 
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PREPARATION OF C 

From phenol. By direct action of cklortne. [For propn. of C from phenol (1 : 1420) 
with CI 2 see (3) (for very old initial work cf. (22) (12)); with CI 2 + aq. alk. (i.e., with 
NaOCl) see (23) (16) (24).] 

By indirect action of chlorine. [For propn. of C from phenol (1 : 1420) by chlorination 
with ethyl NjiV-dichloroearbamah^ (25), with N,Ar'-dichlorourea (26), with cone. HCl + 
30% H 2 O 2 (27), or with HCl + KCIO 3 (28) (29) see indic^ refs ] 

From other phenols or their relatives. [For formn. of C from 2,4,6-trichloro-3-hydroxy- 
benzaldehydc ( 6 ) by elimination of the aldehyde group with 50% aq. KOH at 60-70® for 
4 hrs. (89.9% yield) see ( 6 ); from 2,4,6-trichloro-3-bromophenol (see below) or from 2,4,6- 
trichloro- 3 , 5 -dibromophenol (see below) by replacement of Br by H through use of Zn + 
AcOH see (9); from 2,4,6-tribromophenol [Beil. \T-203, VIi-(107)] by replacement of 
all bromine by chlorine using CI 2 in AoCH see (30).] 

[For formn. of C from phenol-p-sulfonic acid [Beil. XI-241, XIi-(55)l (10) or its alkali 
salts (31) (32) in aq. soln. with CI 2 (100% yield (10)) see indie, refs.; from aq p-hydroxyazo- 
benzeiie [Beil. XVl-96, XVIr(233)l (75% yield (11)), from benzyl phenyl ether [Beil, 
y 1-432, VIi- (220)1 (33), from o-hydroxybenzyl alcohol (saligenin) (1:1490) (34) vrith CI 2 
see indie, refs.; from dipotassium salt of salicylic acid (1:6780) with aq. KOCl (4 moles) 
see ( 8 ).] 

From other miscellaneous sources. [For formn. of C from aniline in HCl soln. with 
CI 2 see (35); from 2,4,6-trichl()roaniline via diazotization and subsequent hydrolysis as 
directed see (7); from indigo [Beil. XXIV-417, XXlVi-(370)] in aq. suspension with CI 2 
see (36) (37); from benzene (1:7400) with CI 2 O see (38); from 2,4,6-trichlorophenyl hypo- 
chlorite (see below) by warming with acids or alkalies see (75).] 

USES OF C (OR ITS SALTS) 

Although the topic cannot here be exhaustively pursued, the bactericidal, fungicidal, and 
general antiseptic action of C or its salts has attracted much attention (for examples of 
useful articles in this general connection, see (39) (40) (41) (42) (43) (44) (45) (46); for 
patents on use of C or its salts in the indicated fields see the following; for use of C (with 
triaryl phosphates) as wood preservative (47), as preservative for glue (48), as insecticide 
and fungicide for board-like compns. from vegetable fibers (49), as bactericide (50) (51), 
as NaA for anti-mildew treatment of textiles (52), as textile asst, in mercerization (53); for 
various complexes contg. C and intended for use as insecticides, etc., see (54) (55) (56)]. 

CHEMICAL BEHAVIOR OF C 

Reduction of C. [The catalytic hydrogenation of C apparently has not been extensively 
studied, but it is said (57) to be more stable toward H 2 + PdCl 2 than the corre.sponding 
2 , 4 , 6 -tribromophenol.j 

Oxidation of C. C on oxidn. gives various products according to circumstances [e.g., 
C in 2 AT H 2 SO 4 on electrolytic oxidn. gives (58) 2,6-dichlorohydroquinone (3:4600); C 
on oxidn. with CrOs/AcOH (59) (60) (61) (62) (63), with cold fumg. HNO 3 (12) (63), with 
HNO 3 /H 2 SO 4 (64), with NO -h NO 2 in ale. (65) ( 66 ) or AcOH (61), or with Pb 02 in AcOH 
or Celle (61) gives (yields: 69% (59), 45% (60), 27% (61)) 2,6-dichlorobenzoquinone-l,4 
(3:3750) (note that this product may be accompanied (61) by more or less 2-chloro-6- 
(2',4',6'-trichlorophenoxy)benzoquinone-l,4, m.p. 134-135°, and 2,6-6^s-(2',4^6'-trichlo^o- 
phenoxy)benzoquinone-l,4, m.p. 245°, which resemble the main prod, in appearance, 
composition, and behavior (61))]. 
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(C on oxidn. with boilg. mixt. of cone. HNOj + HCl gives (16) 2,3,5-trichlorobenzoqui- 
none-1,4 (3:4672).) . 

[C OB oxidn. with ClSOsH (67), with Cl* + fumg. H3SO4 followed by ClSQjH (M), mtii 
aqua regia (69) (70) (72), with HCl + KClOj (28) (16), with CrOs/AcOH (71) or KiCr^r/ 
H*S04 (71) gives (90% yield (68)) 2,3,5, 6-tetrachlorobcnzoquinone-l,4 (chloranil) 

(3:4978).] 

[For study of oxidn. potential of C see (73). j 

Nuclear substitution of C. Chlorination. [C in HCl suspension with CI2 (74) or in 
AcOH soln. with Ca(OCl)2 (75) gives 2,4,6-trichlorophenyl hypochlorite (2,4,4,6-tetra- 
chlorocyclohexadien-2,5-one-l) [Beil, VII-147, VIIi-(96)], scales from ether /pet. ether, 
m.p. 122° (75) (10), 121-122° (76), 119° (74) ] 

[C with CI2 + SbCls at not above 130° gives (77) 2,3,4,4,5,6-hexachlorocyclohexadien- 

2.6- one-l (“ hexachlorophenol ”) (3:3180), m.p. 107°.] 

[C with CI2 (3) in pres, of I2 at 40° (78), or C with CI2 in CCI4 in pres, of FeCla (79), or 
C with CI2 in pres, of SbCla* l2» or FeCls at 70-75° (80), gives 2,3,4,6-tetrachlorophenol 
(3:1687), mp. 69°.] 

[C with CI2 in pres, of SbCla, I2, or FeCls at 135“140° gives (81) pentachlorophenol 
(3:4850), m.p. 190°.] 

[C with FeCla (no details) 3nelds (14) 1,2,3,5-tetrachlorobenzene (3:0915), m.p. 51°.] 
Brominalion. [C with Br2/aq. KBr soln. as directed (82) (83) gives a monobromo 
derivative of C frequently designated as trichlorophonol bromide which of the three 
structures 4-bromo-2,4,6-trichlorocyclohexadien-2,6-one-l, 2-bromo-2,4,6-trichlorocyclo- 
hexadien-2,5-ono-l, or 2,4,6-trichlorophenyl hypobromitc should be assigned to this prod, 
has never been decisively settled (83); however, on oxidn. with fumg. HNO3 it gives (82) 

2.6- dichlorobenzoquinonc-l,4 (3:3750) and with cone. H2SO4 at 100° isomerizes (82) to 
3-bromo-2,4,6-trichlorophenol, m.p. 73° (9) (corresp. benzoate, mp 117° (82)) ] 

[C with Br2 (large excess) -f- Fc powder at room temp, for 24 hrs. gives (100% yield 
(84)) cf. (85) 3,5-dibromo-2,4,6-trichlorophenol, cryst. from AcOH, m.p. 204° cor. (corresp. 
methyl ether, m.p. 127°; corresp. benzoate, m.p. 196° (84)).] 

Nitration. [The direct nitration of C has not been reported, presumably because nitration 
reagents readily oxidize free C to 2,6-dichlorobenzoquinone-l,4 (3:3750) (see above under 
oxidn. of C). — However, both possible nitration products have been obtained by indirect 
means: for 3-nitro-2,4,6-trichlorophenol, m.p. 71-72°, see (86); for 3,5-dinitro-2,4,6- 
trichloropheiiol, m.p. 165-167°, see (87).] 

Svlfonation. [C with fumg. H2SO4 (65% SO3) at 50° gives (93% yield (88) 2,4,6-tri- 
chlorophenolsulfonic acid-3.] 

Miscellaneous [C with SCI2 -f AICI3 in CS2 or CCI4 gives (89) a product, m.p. 285°, 
which may be 3,3'-dihydroxy-2,4,6,2',4',6 -hcxachlorodiphenyl sulfide j 
Reactions of the phenolic group of C. (See also under ©’s below.) 

Acidic character of C. C in aq. behaves as an acid and can be titrated with N /lO aq. 
NaOH (3); Neut. Eq. ~ 197 5. — [Data on dissoc. const, of C include the following: in 
aq. at 25° 1.0 X 10“^ (90), 3.9 X 10"^ (2) cf. (91) (92). — For study of acid strength of 
C in formamide see (93). — For study of exchange reaction of C with heavy water see (94).] 
Salts of C. [NH4A: spar. sol. cold aq., eas. sol. hot aq. (22), somewhat spar. sol. ale. (24); 
loses NH3 in air (12). — KA, HH2O: (24) (12). — NaA: prepn. (95), behavior with I2 in 
various solvents (95) (96), behavior with chloroacetone (3:5425) giving acetonyl 2,4,6- 
trichlorophenyl ether, m.p. 75° (96).] 

MgA.2H20: eas. sol. aq. (12). — BaA2.4H20: spar. sol. aq. (12). — PbA2 (12). 

A^.H20: yellow (97) [study of decompositions (98) (96) (99)]. 

Eiherificatwn of €. (See also below imder ®’s.) 
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[C with 1,2-dibromoethane (ethylene dibromide) in alk. soln. gives (100) ^-bromoethyl 

2.4.6- trichlorophenyl ether, m.p. 47-48®. —C with ethylene oxide (1:6105) in ale. NaOEt 
gives (101) /3-hydroxyethyl 2,4,6-trichlorophenyl ether, m.p. 77° (101) (for study of rate 
of this reaction see (102)). — C (as NaA) with benz-o-chlorophenylimino-chloride gives 
(103) iV-(o-chlorophenyl)benzimino 2,4,6-trichlorophenyl ether, m.p. 99-100°, which at 
250-270° for 2 hrs. rearr. (103) to the JV-benzoyl derivative (m.p. 131-132°) of 2,4,6,2'- 
tetrachloro-diphenylamine. — C with 2,4,6-triclilorobenzyI chloride + NaOH gives (104) 

2.4.6- trichlorobenzyl 2,4,6-trichlorophenyl ether, mp. 101-103°.] 

Esterification of (?. (See also below under ©’s.) 

[C with SOCI 2 in pyridine -}- CeHe gives (4) (2,4,6-trichlorophenyl) sulfite, cryst. 
from CeHe, m p. 87-88°; note, however, that this prod, is unstable and even within a few 
hours reverts to C.j 

[C with pels in CeHs gives (105) Ws-(2,4,6-trichloropnenoxy)phosphoryl chloride, 
(C 6 H 20 Cl 3 )P( 0 )Cl, cryst. from CeHe, m.p. 126-129° (105). (Note that C with PCls in 
s.t. at 200-300° gives also (106) some 1,2,3,5-tetrachlorobenzcne (3:0915).) — C (3 moles) 
with POCI3 (1 mole) refluxed several days gives (107) <m- (2,4,6-trichlorophenyl) phos- 
phate, m.p. 201° (107).] 

[C (2 moles) with COCI 2 (3:5000) in aq. alk. gives (108) his- (2,4,6-trichlorophenyl) 
carbonate, m.p. 153-154° (109).] 

© 2)4,6-Trichlorophenyl methyl ether (2,4»6“trichloroanisole) [Beil. VI-192]: cryst. 
from ale., m.p. 61j62° (9), 60° (110) (111), 59.5° (112); b.p. 240° cor. at 738 mm. (110) 
cf. (87). [From C with MC 2 SO 4 + 15% KOH (87); for crystallographic data see (82); 
for attempted cleavage with pyridine or piperidine see (113); for nitration see (87).] 
© 2,4,6-Trichlorophenyl ethyl ether (2,4,6-trichloTophenetole) [Beil. VI-192, VI i- (104)]: 
m.p. 43-44° (12), b.p. 246° (12). [From KA -h EtI (12) or from AgA -f p:tl (98).] 

2,4,6-Trichlorophenyl acetate: oil, b.p. 261-262° (114). [From C with AcCl (114).] 

© 2,4,6-Trichlorophenyl benzoate [Beil. IX-117]: m.p. 75.5° (9). 74° (115), 73-74° (6), 
70° (14). [From C with benzoyl chloride (3:6240) in pres, of aq. NaOH (115) (9); 
for study of rate of benzoylation of C at 25° and 85° see (116).] 

2,4,6-Trichlorophenyl o-nitrobenzoate; unreported. 

2,4,6-Trichlorophenyl m-nitrobenzoate: unreported. 

© 2,4,6-Trichlorophenyl ^-nitrobenzoate: m.p. 106° (115). 

2,4,6-Trichlorophenyl 3,6-dinitrobenzoate; unreported. 

© 2,4,6-Trichlorophenyl benzenesulfonate: m.p. 66° (117). [P>om C with benzene- 
sulfonyl chloride in aq. alk. (117).] 

© 2,4,6-Trichlorophenyl o-nitrobenzenesulfonate; m.p 142° (118). [From C with 
o-nitrobcnzenesulfonyl chloride + K 2 CO 3 in acetone (118)] 

2,4»6-Trichlorophenyl ^-toluenesulfonate: unreported. 

24»6-Trichlorophenyl phenyl ether: unreported. 

© 2»4)6-Trichlorophenyl 2,4-dinitrophenyl ether: m.p. 136° (119). [From C with 2,4- 
dinitrochlorobenzene in ale. alk. (119).] 

2,4,6-Trichlorophenyl benzyl ether: unreported. 

2,4,6-Trichiorophenyl ^-nitrobenzyl ether: unreported. 

© 2,4,6-Trichlorophenoxyacetic acid: m.p. 177° (120). 

2,4,6-Trichlorophenyl N-phenylcarbamate: unreported. 

© 2,4,6-Trichloropheayl N-(^-bromophenyl)carbamate: pi. from CeHe + EtOAc, 
m.p. 162-164° cor. (121). [From C with p-bromobenzazide (121) in Igr. (121).] 

© 2,4,6-Trichlorophenyl N-())-iodophenyl)carbamate: m.p. 172-173° (122). [From 
C with p-iodobenzazide (122) in Igr. (122).] 
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® 2,4>6-Trichlorophenyl N-(m-nitrophenyl) carbamate; white rods from Igr., m.p. 
165-167° U.C.; 16^-170° cor. <123). [From C with w-nitrobenzazide <123) in Igr. 
<123).) 

(© 2,4,6>Trichlorophenyl iV-(p>iiitrophenyl) carbamate: pale yel. rods from Igr., m.p. 
166° cor. <124). [From C with p-nitrobenzazide <124) in Igr. <124).] 

2,4,6-Triclilorophenyl iV-(3,6>dinitrophenyl) carbamate: unreported. 

(© 2,4,6-Trichlorophenyl iV-(3,6-dinitro-4-methylphenyl) carbamate: yel. pr. from Igr. 
or EtOAc, m.p. 195-196° u.c., 201-202° cor. <125). [From C with 3,5-dinitro-4- 
methylbenzazide <125) in Igr. <125) ] 

2,4,6-Trichlorophenyl N-(£K-naphthyl) carbamate: unreported. 

(P 2,4,6-Trichlorophenyl Af-(ia-naphthyl)carbamate: pr. from Igr., m.p. 157-158° u.c., 
161-162° cor. <126). [From C with /3-naphthyl isocyanate <126) or /3-iiaphthazide 
<126) in Igr. <126) ] 

(© 2,4,6-Trichlorophenyl iV,iV-diphenylcarbamate: m.p. 143° <127). [From C with 
iV^jA^-diphenylcarbamyl chloride <127).) 
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3:1676 DECACHLORODIETHYL Cl Cl C40Cho 

ETBQBR p o A P Pl j 

(W8-(Pentachloroethyl) ether; ^ | | ^ 

“ Perchloroether ") Cl ci 


M.P. 69° (1) 




BeU. n-310 
Hi- 


1.900 (2) 


[For crystallog. data see (3).] 

[For prepn. of C from abs. diethyl ether (1:6110) with excess dry CI 2 in direct sunlight 
see (1).] 

C on boilg. decomposes (2) into trichloroacetyl chloride (3 : 5420) and hexachloroethane 
(3:4835). 

C with cone. H 2 SO 4 at 240° is slowly attacked yielding (2) trichloroacetyl chloride 
(3:5420). 

C with ale. K 2 S loses 2 atoms of chlorine yielding (2) di-(trichlorovinyl) ether (3:6373). 

C with metallic potassium on htg. detonates; in this behavior C behaves toward alkali 
metals like many other highly halogenated compounds. 

Note that all these data on C are very old; no later studies of C are reported in the 
literature. 

8:1676 (1) Regnault, Ann. 34, 27-29 (1840). (2) Malaguti, Ann. chim. (3) 16. 13-28 (1846). 

<3) Nickles, Ann. chim. (3) 22, 29 (1848). 


3:1685 CHLOROPROPIOLIC ACID Cl.C^C.COOH C 3 HO 2 CI Beil. 11-478 

Hi- 

n2-(45i) 

M.P. 69-70° (1) 

Colorless cryst. from pet. eth.; eas. sol. ether; eas. vol. (even in desiccator). Very irri- 
tating and poisonous; salts extremely toxic (1). — Stable in dry state at room tempera- 
ture. 

[For prepn. from propiolic ac. [Beil. 11-477] by actn. of KOH/KOCl soln. at 0° see (1) 

(2)J 

C on htg. with Ba(OH )2 soln. yields chloroacetylene (3:7000) + BaCOs while acidifica- 
tion and ether extraction of the aq. layer yields malonic ac. (1:0480), m.p. 133-134° (1). 
[An alk. soln. of C on stdg. is also partly converted to malonic ac. (1).] 

3:1685 (1) Straus, Kollek, Heyn, Ber 63, 1876-1877 (1930). (2) Brit. 333,946, Sept. 18, 1930; 

Cent. 1931, I 523. 


3:1687 2,3,4,6-TETRACHLOROPHENOL Oil CeHaOCU 


70® 

(1) (2) (3) 

B.P. 164° 

at 23 mm. (4) 

69-70° 

(4) 

160.5° 

at 21 mm. (4) 

68-69° 

(5) (6) 

159° 

at 20 mm. <4) 

67.5-68° 

(7) 

157° 

at 19 mm. (4) 

67-69° 

(8) 

155° 

at 18 mm. (4) 

67-68° 

(9) 

152.5° 

at 17 mm. (4) 

67° 

(10) (11) 

150° 

at 16 mm. <4) 

65.5° 

(12) 



65-66° 

(13) 




BeU. VI - 193 
VIi— 

Vl2-(182) 
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Ndls. from Igr., AcOH, or ether. — Almost insol. cold aq.; spar. sol. hot aq.; but volatile 
with steam. — Eas. sol. ale., CcHe, CHCla, CS 2 , Igr.; fairly sol. hot pet. eth. — Odorless at 
ord. temp. 


PREPARATION OF C 

[For prepn. of C from phenol (1 : 1420) with CI 2 at 80® for 14 days (7) or with CI 2 in pres, 
of 2-3% I 2 or 4-6% SbCls or 5-6% FeCls for shorter periods <7), from sodium phenolate 
with SO 2 CI 2 (13), or from 2,4,6-trichlorophenol (3:1673) with CI 2 (1) in pres, of I 2 at 40® 
(8) or with CI 2 in CCU soln. in pres, of FeCb (14), see indie, refs.] 

[For formn. of C from 3,5,6-trichloro-2-hydroxybenzoic acid (3,5,6-trichlorosalicylic 
acid) (5) with CI 2 in 30% AcOH see (5); from 2,4,5,6-tetrachloro-3-hydroxybenzoic acid 
[Beil. X-144] (11) by htg. with lime see (11); from 2,4,5,6-tetrachloro-3-hydroxybenzalde- 
hyde (6) with 50% aq. KOH at 100® for 2 hrs. (the CO group being eliminated as K formate) 
see (6); from o-(2,4,5,6-tetrachloro-3-hydroxybenzoyl)benzoic acid (3) by cleavage with 
cone. H 2 SO 4 see (3)J 

[For formn. of C from l,2,4,4,5,6,6-heptachlorocyclohexen-l-one-3 [Beil. VII-61] by 
reduction with SnCl 2 /HCl /AcOH (4) or with KI/AcOH or Na^SOs/AcOH see (12); from 
“ 6-hydroxyphenylene diazosulfide ” with CI 2 in AcOH followed by reduction with SnClt 
see (10).] 


USES OF G (OR ITS SALTS) 

[For patents on use of C (or its salts) as bactericide (15) (16) in preservation of rubber 
latex (17), as insecticide (18), or in triphenyl phosphate as wood preservative (19) see indie, 
refs.] 

[For general articles on C (or its salts) as bactericides (20), fungicides (21) (27) for paint 
(22) or leather (23) (24) (25) (26), or in preservation of brine samples for analysis (28) 
see indie, refs.] 


PHYSIOLOGICAL EFFECTS OF C (OR ITS SALTS) 

[For studies on dermatitis from C or its salts see (29) (30); for report on toxicity of C in 
leather see (31).] 

CHEMICAL BEHAVIOR OF C 

Action of chlorine. [C with CI 2 in AcOH gives (4) (12) 1,2,4,4,5,6,6-heptachlorocyclo* 
hexen-l-one-3 [Beil. VII-Sl].] 

Action of bromine. C with Br 2 (1 mole) in pres, of Fe powder gives (8) 5-bromo- 
2,3,4,6-tetrachlorophenol [Beil. VI 1 - (106)], cryst. from AcOH, m.p. 197° (8) (32), 192® (33) 
(corresp. acetyl deriv., m.p. 144° (33); corresp. benzoyl deriv., m.p. 169® (33)). 

Action of nitric acid. [C with fumg. HNO 3 (5 wt. parts) is oxidized (70% yield (4)) (12) 
to 2,3,5-trichlorobenzoquinone-l,4 (3:4672). — Note, however, that the mononitro deriv. 
of C, viz., 5-nitro-2,3,4,6-tetrachlorophenol, ndls. from CeHe, m.p. 122°, has been obtd. 
(8) by HBr cleavage of the corresp. methyl ether (see below).] 

Behavior of C as an acid. C in aq. behaves as an acid, K at 25® = 4.2 X 10^ (2) cf. 
(34), and can be titrated with N/IO aq. NaOH (1); Neut. Eq. * 232. — [For prepn. of 
fdk. salts of C by neutralization in mixtures of org. solvents see (35); for uses of salts of 
C see above.] 

Miscellaneous reactions of C. [C (as KA) in cone. aq. soln. with COCI 2 (3:5000) in 
toluene gives (36) 6w- (2,3,4, 6-tetrachlorophenyl) carbonate, m.p. 156-156° (36).] 
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® 2,3.4, 6-Tetrachlorophenyl methyl ether ( 2 , 3 , 4 , 6-tetrachIofoanisole) ; ndls. from 

MeOH, m.p. 64-65° (4), 60° (8), b.p. 266-270° u.c. at 244 mm. (8). [From C with 
Mel in MeOH/NaOMe soln. (4) cf. (8). — Note that this prod, on nitration with 
7-8 wt. pts. fumg. HNO 3 gives 5-nitro-2,3,4,6-tetrachloroanisole, m p. 58° (8).] 

® 2,3,4,6-Tetrachlorophenyl ethyl ether (2,3,4,6-tetrachlorophenetole): ndls. from ale., 
m.p. 59-60° (4), 55° (6). [From C with Etl in EtOH /NaOEt soln. (4); also indirectly 
< 6 ).] 

® 2,3,4,6-Tetrachlorophenyl acetate: cryst. from ale., m.p. 66** (5), 65-66° (4), 59° (12). 
[From C with Ae 20 <4) or with AcCl (12).] 

® 2,3,4,6-Tetrachlorophenyl benzoate: cryst. from ale., m.p. 116® (10) (13) (3), 115° 
(4), 114 5° (12), 113-115° (11). [From C as NaA with BzCl (4). — Note that this 
prod, depresses m.p. (110°) of the corresp. benzoate from 2,3,4,5-tetrachlorophenol 
(3:3523) (9).] 

® 2,3,4,6-Tetrachlorophenyl .^-phenylcarbamate : ndls. from ale., m.p. 141-142® (4). 
[From C with phenyl isocyanate in CeHe 24 hrs. at room temp. (4) ] 

3:1687 (1) Tiessens, Rec. trav, chim. 50, 116, 119 (1931). (2) Tiessens, Rcc trav. chim. 48, 1068 

(1929). (3) Fries, Auffenberg, Bcr. 63, 24, 28 (1920). (4) Blitz, Giese, Brr 37, 4013-4017 (1904). 

(5) Farinholt, Stuart, Twiss, J. Am. Cheni. Hoc. 62, 1239, 1241 (1940). ((>) Lock, Nottes, Monatsh. 

67, 323 (1930). (7) Barral, Groafillex, Bull t>oc. clam. (3) 27, 1174-1178 (1902) (8) Kohn, 

Pfeifer, Monatsh. 48, 233-236 (1927). (9) Holleman, Rec. trav. chim. 40, 318-319 (1921). (10) 

Fries, Vorbrodt, Siebcrt, Ann. 454, 190 (1927). 

(11) Zincke, Wall)aum. Ann. 261, 23t)-246 (1891). (12) Zincke, Srhaum, Bcr. 27, 649 (1894). 

(13) Durrans, J. Chim. Boc. 121, 47 (1922). (14) Michel, Buschmann (to I.G ), Ger 527,393, 

June 19, 1931; Cent 1931, II 2785; C.A. 26, 4556 (1931). (15) I G., French 685,3 il, July 9, 1930, 

Cent. 1930, II 2732. C.A. 24, 5928 (1930). (10) 1 G., French 709,788, Aug. 13, 1931, Cent. 1932. 

I 1804; C.A. 26, 1000 (1932). (17) Monsanto Chom. Co., Biit 530,836, Jan. 10, 1941, Cent 

1942, I 2831, C A 36, 1207 (1942). (IS) EUia (to Insulite (^o ), U.S. 2,101,0.54, June 6, 1939; 
Cent. 1939, II 4020, C.A. 33, 7508 (1939). (19) Noiton (to Dow Chom Co) U S. 2,304,013, 

Dec. 1, 1942; C.A. 37, 2908 (194.3). (20) M(4nikor, Areteavan, Rokit.^'kaya, Compt. rend, ac^id. 

sci. U.R.S.S. 31, 123-124 (1941), Cenf. 1942, II 2055, C.A. 37, 950-951 (1943). 

(21) Msilhnaii, Michael, Mich State Coll. Ayr Expt Sta , Tech. Bull. 174 (1940); C.A. 35, 
7560 (1941). (22) Partariaky, Ind. Eng. Chem,^ Anal. Ed. 14, 527-531 (1942). (23) Richardson, 

Hide and Leather 99, No. 19, 28, 38 (1940) ; C.A. 34, 4005 (1940) (24) Richardson, Shoe Leather 

Reptr. 221, No. 3, 17-21 (1941) ,CA. 35, 3475 (1941). (25) Lollar, J Am. Leather Chem. As(>oc. 

39, 17^190 (1944); C.A. 38, 4827 (1944). (20) Greene, Lollar, J Am Leather Chem. Assoc. 

39, 209-218 (1944; C A. 38, 0595 (1944). (27) WeUmann, Hcald, Phytopathology 30, 638-648 

(1940) ; Cent 1942, 1 2545; C.A. 34, 8165 (1940) (28) Veldhuis, Fruit Products J. 18, 6-7 (1938) , 

Cent. 1939, 1 1091; C.A. 32, 9321 (1938). (29) Butler, Aich. Dermatol Syphilol 35, 251-264 

(1937); Cent. 1937, II 435; C.A. 31, 5060 (1937). (30) Stingily, Southern M'ed. ./. 33, 1268-1272 

(1940); C.A. 36, 847 (1942). 

(31) Lollar, J. Am. Leather Chem. Assoc. 39, 203-209 (1944), CA 38, 6594 (1944). (32) 

Kohn, Zandmann, Monatsh. 47, 372-373 (1926). (33) McComhie, Ward, J Chem. Soc. 103, 

2005 (1913). (34) Murray, Gordon, J. Am. Chem. Soc. 67, 110-111 (1935). (35) Mills (to 

Dow Chem. Co), U.S. 1,955,080, April 17, 1934; Cent 1934, II 1991 C.A. 28, 3743 (1934). 
(36) Barral, Compt. rend. 138, 981 (1904). 


3:1690 2,6-DICHLOROBENZALDEHYDE C7H4OCI2 BeU. VH - 237 

vni-(134) 


M.P. 71® (1) 

70-71® (2) 
70® (3) 

69-70® (4) (5) 
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Colorless cryst. Jrom pet. ether (b.p. 40-60®) or Igr. 

[For prepn. of C from 2,6-dichlorotolucne (3:6270) by oxidn. with Mn02 + H2SO4 see 
(2); for prepn. of C from 2,6-diohlorobenzaldehyde diethylacetal (see below) by hydrolysis 
on shaking with dil. HCl see (6).] 

[C on reduction would presumably yield 2,6-dichlorobenzyl ale., but this prod, is un- 
reported in the literature.] 

C in alk. suspension on oxidn. with air gives (7) 2,6-dichlorobenzoic acid (3:4200), 
m.p. 144®. 

[C (fused) with CI2 in brilliant artificial light gives (58% yield (8)) 2,6-dichlorobenzoyl 
chloride, b.p. 126-128® at 18 mm.— C with PCI5 at 160® gives (90% yield (9)) (4) (5) 

2.6- dichlorobcnzal (di)(‘hloride (3:9398) oil, b.p. 124-126° at 16 mm. (9), accompanied 
in some preparations (4) (5) by some 6is-(a,2,6-trichlorobonzyl) ether, m.p. 180-185® 
(4)J5).] 

[C with alkali sulfite (1 mole) under press, reacts at one of the two halogen atoms giving 
(2) 6-chlorobcnzaldehydosulfonic acid-2 [Beil. Xl-324 ] — C with alkali sulfite (2 moles) 
under press, gives (2) benzaldchyde disulfonic acid-2,6 [Beil. Xl-326].] 

C disslvd. in 7-8 wt. pts cone. 11*2^^04, and at 10-15® mononitrated with a mixt. of fumg. 
HNO3 + cone. H2SO4, poured into aq. gives (yield not stated (10)) (2) 2,6-dichloro-3- 
nitrobenzaldehyde [Beil. Vll-263], pi. from CS2 (10) or Ifts from CeHe (2), m p. 76° (10), 
76-77° (2) (corrosp. iK-oxime, m p 156 157® (10), /3-t3Ximc, m p 154-155® (10); note that 
a mixt of the two oximes melts 128-130° (10)) — [Note that no dinitro-2,6-dichloroben- 
zaldchyde has been reported; also tliat the m p.’s of certain of the isomeric mononitrodi- 
chlorobenzaldehydtis are very close to the .above mononitration prod.: e g., 2,4-dichloro-6- 
nitrobcnzaldehydo (from 2,4-dieblorobenzaldchyde 3:1800) has m.p. 74-75°; 2,5-dichloro- 
3-nitrobenzaldehyde (from 2,5-diehlorobenzaldehyde 3:1145) has m.p. 66.5-67°; 3,4- 
dichloro-6-nitrobenzaldehyde (from 3,4-dichlorobenzaldehyde 3:0550) has m.p 73°.] 

[C on sulfonation gives (2) 2,6-dichlorobenzaldthydesulfonic acid-3 [Beil XI-325].] 

[C with 50% KOH at 100° for 5 hrs. under N2 undergoes cleavage of the aldehyde 
group giving (84% yield (11)) 7/t-dichlorobcnzene (3:5960) q.v. and the corresp.'K for- 
mate.] 

[C with aq. ale. hydrazine sulfate gives (86%, yield (18)) 2,6-dichlorobenzaldazinc, m.p. 
153® cor.; but this prod or 0 with hydrazine hydrate refluxed 6 hrs. gives 2,6-dichloroben- 
zaldehydo hydrazone, m.p. 134°, which by Wolff-Kishner reduction gives (80% yield (18)) 

2.6- dichlorotoluene (3 : 6270).] 

[C with Eton contg. 11 2 wt. %, dry HOI refluxed 24 hrs. gives (13.6% yield (6)) 2,6- 
dichlorobenzaldchydc diethylacetal, oil, b.p. 142-144° at 10 mm., m.p. —1° (6); this prod, 
with dll HCl readily hydrolyzes back to C EtOH.] 

[C with jS-naphthol (2 moles) in AcOH with 30% hlBr in AeOH at 100° for 2 hrs. or at 
room temp, for 24 hrs. condenses and ring-closes giving (88% yield (8)) 9-(2,6-dichloro- 
phenyl)-l,2,7,8-dibcnzoxanthanc (C27H16OCI2), ery.st. from Igr., m.p. 264-265° (8). — 
Note that C with /3-thionaphthol (2 moles) under similar conditions 5nelds a prod. 
C27H18S2CI2, of unknown structure.] 

C with anhydrous NaOAc -[- AcoO in Perkin synthesis (12) (13) (1), or C with malonic 
acid in AcOH (13) gives (yields: 81-83% (12), 80% (1), 18% (13)) 2,6-dichlorocinnamic 
acid [Beil. IXi-(239)], cryst. from AcOH, m.p. 196° (12), 193° (13), 183° (1); note that in 
this reaction some 2,6-dichlorobenzal diacetate [Beil. VII 1- (134)], ndls. from Igr., m.p. 85° 
(1), is sometimes formed. 

C appears to behave normally with RMgX reactants [e.g., C with MeMgl in dry ether 
followed by usual hydrolysis gives (68.6% yield (14)) 2,6-dichlorophenyl-methyl-carbinol, 
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m.p. 34-35% b.p. 137-138° at 17 mm., 134-136° at 13 mm. (corresp. benzoate, m.p. 77°); 
C with CeHfiMgBr similarly gives in good yield (1) 2,6-dirJilorophenyl-phenyl-carbinol, 
m.p. 57° (corresp. acetate, m.p. 105°)]. [For conversion of C to 2,6-dichlorostyrene (16) 
(17) via formn. of 2,6-dichlorophenyl-methyl-carbinol (above) and dehydration of latter 
with KHSO 4 (31.5% yield (16)) see indie, refs] 

C with aniline readily condenses yielding (1) 2,6-dichlorobenzaldehyde anil, m.p. 64-65°. 

® 2,6-Dichlorobenzaldoxime: colorless ndls. from CeHe (10) or Igr. (1), m.p. 149-150° 
(10), 146-147° (1). [From C vnth NH 2 OH.HCI -f NasCOs in dU. ale. at 100° for 5 
hrs. (10) cf. (1); with cold AC 2 O this prod, gives an acetyl deriv., m.p. 51° (10); with 
boilg. AC 2 O for 5 min. the oxime loses H 2 O giving (1) 2,6-dichlorobenzonitrile [Beil. 
IX-343, IX 1 - (141)], ndls. from Igr. or by sublimation, m.p. 143° (1), 144.5-146.5° 
(15).] 

2,6-Dichlorobenzaldehyde phenylhydrazone: unreported. 

2,6-Dichlorobenzaldehyde o-nitrophenylhydrazone: mp. 154° (1). 

2,6-Dichlorobeazaldehyde p-nitrophenylhydrazone: unreported. 

2,6-Dichlorobenzaldehyde 2,4-dmitrophenylhydrazone: unreported. 

2,6-DicbJorobenzaldehyde ^-bromophenylhydrazone: m.p. 142° (1). 

2,6-Dichlorobenzaldehyde semicarbazone: unreported. 

3:1690 (1) Reich, Salzmann, Kawa, Bull. soc. chim. (4) 21, 217-225 (1917). (2) Geigy and 

Co., Ger. 199,943, July 4, 1908; Cent. 1908, II 363-364; [C.A. 2, 3000 (1908)]. (3) Lock, Ber. 

06. 1530 (1933). (4) Olivier, Weber, Rec. trm chtm 52, 169-174 (1933) (5) Olivier, Weber, 

Rec. trav. chim. 53, 882 (1934). (6) Lock, Ber. 72, 303 (1939). (7) Hans (to I.G.), Ger. 506,438, 

Sept. 4, 1930; Cent. 1930, II 3860; C.A. 25, 304 (1931). (8) Dilthey, Quint, Heinen, J. prakt. 
Chem. (2) 162, 68-72 (1939). (9) Lock, Asinger, Monatsh. 59, 157 (1932). (10) Meisenheimer, 

Theilacker, Beisswenger, Ann. 495, 254 (1932). 

(11) Lock, Ber. 66, 1530 (1933). (12) BOck, Lock, Schmidt, Monatsh. 64, 401-402, 407-408 

(1934). (13) Willstadt, Ber. 64, 2692 (1931). (14) Lock, Bock, Ber. 70, 921 (1937). (15) 

Norris, Klemka, J. Am. Chem. Soc. 62, 1433 (1940). (16) Marvel, Overberger, Allen, Johnston, 

Saunders, Young, J. Am. Chem. Soc. 68, 863 (1946). (17) Michalek, Clark, Chem. & Eng. News 

22, 1559-1563 (1945), (18) Lock. Stach, Ber. 76, 1252-1256 (1943). 


3:1700 l-CHLORONAPHTHOL-2 


M.P. 72° (1) 

71° (2) 

70-71° (3) 

70° (4) (11) (20) (27) 

68 - 69 ° ( 6 ) 

68 ° ( 8 ) 



Beil. VI - 648 
VIi~ 
Vl2-(603) 


Ndls. from hot aq., ndls. from Igr., pr. from CHCI 3 ; eas. sol. ale., AcOH, CeHe, CHCle, 
boilg. Igr. — For crystallographic constants see (4). — Volatile with steam. 

[For prepn. of C from /3-naphthol (1 : 1540) with CI 2 in AcOH (80% yield (21)) (3) (4) (6), 
with SO 2 CI 2 in CS 2 (7) or with CeHsICh (84% yield (2)) see indie, refs.; from sodium /3- 
naphtholate in CS 2 suspension on treatment with CI 2 (8) or in cold aq. with NaOCl (84% 
yield (5)) (9) see indie, refs.; for formn. of C from /3-naphthol (1 : 1540) as by-prod, of its 
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oxidn. with FeCL to /3-dinaphthol (2,2'-<iihy(iroxybinaphthyl-l,l') see (10) (11) (the 
proportion of C increases with increasing acidity (11)); for formn. of C from /9-naphthol 
as by-prod, of react, with SeOCb see (20).] 

C with 1 mole CI2 in AcOH soln. gives (12) l,6-dichloronaphthol-2 (3:3600), m.p. 119.5® 
(12); C with 1 mole Br2 yields (7) (13) 6-bromo-2-chloronaphthol-2 [Beil. VI-6511, ndls. 
from AcOH with 1 mole solvent, m p. 92^", anhydrous ndls. by sublimation, m.p. 101® (7). 
[Note, however, that C in AcOH + NaOAc with 1 mole Br2 yields (1) “ l-bromo-l-chloro-2- 
oxonaphthalenedihydride-1,2,” pale yel. pr. from Igr., m.p. 90® when pure but on short 
stdg. soon becoming lower.] 

[C in AcOH with cone. HI {D = 1.5) boiled 5 hrs. gives (79% yield (5)) /3-naphthol 
(1 : 1540), m.p. 121® (5); note, however, that C is unaffected by SnCl2 either in acid or alk. 
even after protracted refluxing, but in AcOH/HCl in s.t. 8 hrs. at 100° (1) reduces to 
/3-naphthol.j 

[C in alk. soln. treated with p-nitrobenzenediazonium chloride soln. loses its halogen 
atom and yields (14) (15) (16) cf. (21) l-(p-nitrobenzeneazo)naphthol-2 (“ Para Red ”) 
[Beil. XVI-165, XVIi-(255)], red ndls. from p3rridine, m.p. 246-247® u.c. (14), from AcOH, 
m.p. 250® cor. (15). (Note, however, that as much as 40% of a light yel. by-prod., m.p. 
125® dec., is also formed (16).)] 

[C melted with PCh and then treated with aq. (4), or C in alk. soln. shaken with POCls 
(17), or sodium salt of C shaken in xylene with POCI3 (18), yields <m-(l-chloronaphthyl-2) 
phosphate, ndls. from ale., m.p. 152° (4) (note that by the second method (above) hi 9 ^ 
(l-chloronaphthyl-2) phosphoric acid, ndls. from ale. -f HCl, m.p. 251° (4), is also formed 
(4))J 

[C (2 moles) with Na2S (1 mole) htd. in aq. under N2 gives (97.5% yield (19)) 6i»-(2- 
hydroxynaphthyl-1) sulfide [Beil. VI-976, VI 1- (470)], colorless cryst. from AcOH, m.p. 
226® cor. (19).] 

[C on refluxing a few hrs. with aniline (best under N2 (23)) yields (22) l-anilinonaphthol-2 
[Beil. XIII-678], ndls. from Igr., m.p. 153-154° (22), 155-156° (23); for corresp. reactn. 
with many other monamines (22) (23) and diamines (24) see indie, refs.] 

C under many circumstances yields ethers with difficulty and small 3delds; e.g., C with 
MeOH -{- cone. H2SO4 (25) or p-toluenesulfonic acid (26) gives only 2-7% methyl ether; 
however, C in MeOH /KOH htd. with Mel in s.t. at 100° for 5 hrs. (25), or C in 15% KOH 
shaken with Me2S04 for hr. (91% yield (5)), gives l-chloro-2-methoxynaphthalene, pr. 
from ale., m.p. 70-71° (5), 68° (25), 78° (27); this methyl ether on protracted htg. with 
cone. HCl in s.t. at 200-250° yields C + MeCl (17) (27). — C with EtOH conc.H2S04 
(25) gives only 0.5-10% ethyl ether, but C with EtOH /KOH -f- EtBr htd. 3 hrs. at 100® 
(25) gives l-chloro-2-ethoxynaphthalene, Ifts. from ale., m.p. 58° (25). 

® l-Chloro-2-naphthyl acetate: tbls. from ale., m.p. 42-43® (3). [From C .with AcCl 
(3).] 

® l-Chloro-2-naphthyl benzoate: Ifts. from ale., m.p. 101® (27). [From C in alk. 
soln. by shaking with BzCl (27).] 

3:1700 (1) Fries, Schimmelschmidt. Ann. 484 , 293, 296-297 (1930). (2) Neu, Ber. 73 . 1511 
(1939). (3) Zincke, Ber. 31 , 3384-3385 (1888). (4) Cleve, Ber. 31 , 895-896 (1888). ( 5 ) 

Franzen, Staiible, J. prakt. Cheni. (2) 103 , 379-380 (1921/22). (6) Clifford (to Goodyear Tire 

and Rubber Co.), Brit. 302,147, Feb. 6, 1929; Cent. 1930 , I 1867. (7) Armstrong, Rossiter, 

Chem. News 59 , 225 (1889), Ber. 34 , Referate, 705 (1891), (8) Schall, B&r. 16 , 1901 (1883). 

(9) Kalle and Co., Ger. 168,824, March 16, 1906; Cent. 1906 , 1 1307. (10) Ioffe, J. Oen. Chem, 

iU.S.S.R.) 7 , 2715-2718 (1937) ; Cent. 1939 , II 4475; C.A. 83 , 2931 (1938). 

(11) Ioffe, Kuznetzov, Litovskii, J. Gen. Chem. (U.S.S.R.) 5 , 1685-1686 (1935); Cent. 1937 , 
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1 2589 ; C.A. 30, 3426 (1936) . (12) Ruggli, Knapp, Merz, Zimmormann, Heh. Chim. Acta 12, 1061 

(1929). (13) Armstrong, Rossiter, Chem. News 63, 136 (1891); Ber. 24, Referate, 719 (1891). 

(14) Hewitt, Mitchell, J. Chem. Soc. 80, 1172 (1906). (15) Wahl, Lantz, Bull. see. chim. (4) 33, 
103 (1923). (16) Ioffe, J. Gen. Chem. (U.S.S.R.) 7, 2637-2638 (1937) ; Cent. 1938, 1 3042; C.A. 
32, 2110 (1938). (17) Aiitenrieth, Ber. 30, 2379-2380 (1897). (18) Akt.-Ges. fur Anilin- 

fabrikation, Ger. 246,871, May 11, 1912, Cent. 1912, I 1875. (19) Ringeiasen, Compt. rend. 

198, 2182 (1934) ; Cent. 1934, II 2677; C.A. 28, 5432. (20) Morgan, Burstall, J. Chem. Soc. 1928, 

3269. 

(21) Poliak, Gebauer-P'ulnegg, Monatsh. 50, 317 (1928). (22) Wahl, Lantz, Ger. 365,367, 

Dec. 13, 1922; Brit. 182,084, Aug. 16, 1922, French 548,440, Jan. 15, 1923, Cen«. 1923, II 997, 998. 
(23) Wahl. Lantz, Compt. rend. 176, 171-174 (1922); Cent. 1922, III 1294. (24) Wahl, Lantz, 

Compt. rend. 194, 464^^467 (1932) ; Cent. 1932, 1 2464. (25) Davis, /. Chem. Soc. 77, 33-40 (1900). 

(26) Fieser, Lothrop, J. Am. Chem. Soc. 67, 1460 (1935). (27) Autenrieth, Arch. Pharm. 233, 

34-37 (1895). 


3:1745 4,6-DICHLORO-3-METHYLPHENOL 

(4,0-Dichloro-m-crcsol ) 


M.P. 71.6-72** (1) B.P. 235-236° (1) 


OH C7H6OCI2 



Beil. S.N. 526 


C is volatile with steam. — The products of m.p. 45-46° (2) and m.p. 58° (3) formerly 
supposed to have been C are now regarded (1) as 2,4,()-trichl()ro-3-methylphenol (3:0618) 
and 2,4-dichloro-3-methylphenol (3:1205) respectively 

[For prepn. of C from 6-amino-4-chloro-3-methylphenol (1) via diazotization and use 
of CU 2 CI 2 reaction see (1); from 4,6-diamino-3-methylphenol (1) via tetrazotization and 
use of CU 2 CI 2 reaction see (1 ); for formn. of C (together with other isomers) from 4-chloro- 
3-methylphenol (3:1535) or from 6-chloro-3-methylphenol (3:0700) in CHCI3 with CI 2 
(1 mole) see (1).] 

C in CHCI 3 with 1 mole CI 2 gives aim. quant, yields (1) 2,4,6-trichloro-3-methylphenol 
(3:0618), m.p. 46° (1). 


® 4,6-Dichloro-3-methylphenyl benzoate: mats of very fine ndls. from ale., m.p. 57.5° 
(1). [From C with BzCl in pyridine (1) ] 

(p 4,6-Dichloro-3-methylphenyl benzenesulfonate: thin lustrous plates from ale., m.p. 

86° (1). [From C -f bcnzenesulfonyl chloride in pyridine (1).] 

® 4,6-Dichloro-3-methylphenyl ^-toluenesulfonate : very fine ndls. from ale., m.p. 
104-105° (1). [From C p-toluenesulfonyl chloride in pyridine (1).] 

3:1746 (1) Huston, Chen, J. Am. Chem. Soc. 56, 4216-4218 (1933). (2) von Walther, Zipper, 

J. prakt. Chem. (2) 91, 374 (1864). (3) Tanaka, Morikowa, Sakamoto, J. Chem. Soc. Japan 61, 

275-277 (1930) ; C.A. 26, 706-707 (1932). 


3 : 1 754 6-CHLORO-3,4-DIMETHYLPHENOL 
(5-Chloro-o-4-xylenol ) 



CsHgOCl 


Ben. VI — 
VIi- 
Vl2-(466) 


M.P. 71.6-72.5° (1) 
72° (2) 

71° (4) 


/ICHs 

;h3 
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Ndls. from It. pet. — Volatile with steam. 

[For prepn. of C from 6-ami no-3, 4-<limethylphenol (5-amino-o-4:-xylenol) [Beil. XIII- 
629, XIIIi- (244)1 (1) via diazotization and use of CU 2 CI 2 reaction (yield not stated) see 
(1); from 3,4-dimethylphenol (o-4-xyleiiol) (1.1453) with SO 2 CI 2 in CHCI 3 (23% yield) 
see (4) of. (2) (3).l 

[For studies on bactericidal action of C see (2) (3).] 

C with CI 2 does mt <1) give a trichloro denvative. 

C with RNO 3 in AcOH soln. as directed gives (5) 2-nitro-6-chloro-3,4-dimethylphenol 
(5-c*hloro-3-nitro-o-4-xylenol), yel. pi. from CsHe, m.p. 127.5° (5); note, however, that 
neither the isomeric mononitro deriv. nor the corresp. dinitro deriv. is known, 

C does not (5) couple with bcnzenediazonium chloride. 

[For behavior of C with sulfur chloride -f AICI3 in CS 2 see (6).] 

6-Chloro-3,4-<limethylphenyl acetate: unreported. 

(g) 6-Chloro-3,4-dimethylphenyl benzoate: m.p. 43° (1). 

3:1754 (1) Hinkel, Collina, Ayling, /. Chem. Soc. 123 , 2973 (1923). (2) Heicken, Angew. Chem. 

52 , 263--2C5 (1939). (3) Lockenmnn, Kunzmann, Angcw Chem. 46 , 296-301 (1933). (4) 

McCleniont, Smiles, J . Chem. Sue. 1937 , 1019. (5) Ilinkcl, Ayling, Bevan, J. Chem. Soc. 1928 , 

2530-2531. (6) Dvorkovitz, Smiles, J. Chem. Soc. 1938 , 2026. 


3:1757 6-CHLORO-2-PHENYLPHENOL C12H9OCI Beil. S.N. 

(3-Chloro-2-hydroxybiphenyl ; 

“ o-chloro-o'-phenylpheiiol ”) 

M.P. 73-74° (1) B.P. 312° 

72° (4) 172° 

71-72° <3) (6) 137-138° at 6 mm. (6) 

138-140° at 3 mm. (10) 

[See also 4-chloro-2-phenylphenol (3:8980).] 

Important Note. Through the year 1944 (and perhaps in .some cfise^s beyond) the chloro- 
phenylphenol of m.p. 72° (C) has been regarded as having the structure 4-chloro-2-phenyl- 
phenol = 5-chloro-2-hydroxybiphcnyl = “ p-chloro-o-phenylphenol.’' In 1945, however, 
this view was corrected by the paper of Weissberger and Salminen (1); in this text, there- 
fore, expression of the facts is reported in the light of their paper. Particular care is, there- 
fore, required in consulting reference prior to it since such material is universally expressed 
in the reverse sense of the present view. 

[For prepn. of C from 2-hydroxybiphenyl (1:1440) with CI 2 (note that 4-chloro-2- 
phenylphenol (3:8980) is also formed) see (2) (4); for prepn. of C from 3-amino-2-hydroxy- 
biphenyl (5) by diazotization and use of CU 2 CI 2 reaction (45% yield (1)) see indie, refs.] 

C is sol. in aq. 25% NaOH at 60°, but resultant salt is more sol. than corresp. prod, from 
the isomeric 4-chloro-2-phenylphenol (3:8980) (for use in sepn. of C from the latter see 
(4)) ; note that sodium salt of C cryst. as trihydrate, i.e., NaA.3H20 (4), and that anhydrous 
NaA dec. at 316° without melting (4). 

The calcium salt of C is very spar. sol. aq. (use in sepn. of C from the isomeric 4-chloro-2- 
phenylphenol (3)). 


at 746 mm. (4) 
at 16 mm. (4) 
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[For rea<:tion of C with methallyl chloride (3:7145) in pres, of alk. see (10).] 

C on inononitration with HNOs in AcOH at 15-19® as directed gives (31% yield (1)) 
3-chloro-2-hydroxy-5-nitrobiphenyl, tan needles, m.p. 130-131® (1), 129-131® (6). 

[0 (7) on condensation with formaldehyde + ethanolamine as directed (9) gives a prod., 
m.p. 182-183®; for similar condens. of C (?) with formaldehyde + morpholine see (7).] 

6-Chloro-2-phenylphenyl benzoate: m.p. 88.5® (8). [Note that this prod, does 

.no: distinguish C from the isomeric 4-chloro-2-phenylphenol (3:8980), whose benzoate 
has m.p. 86-87°.] 

5:1757 (1) Wcissberger, Salminen, J. Am. Ckem. Soc. 67, 58-60 (1945). (2) Britton, Bryner 
(to Dow Chem. Co.), U.S. 1,969,963, Aug. 14, 1934. C.A. 58, 6160 (1934). (3) Rittler, Heller 

(to Chem. Fabrik von Heyden), Ger. 615,133. June 27, 1935, Cent. 1936, I 8S4; C.A. 29, 6247 
(1935). (4) Britton, Brynci (to Dow Chem. Co.), U.S. 1,921,727, Aug. 8, 1933; Cent. 1934, 

I 128-129, C.A. 27, 5086 (1933): Brit. 396,251, Aug. 24, 1933; Cent. 19W, I 128-129, CA. 28, 

578 (1934). (5) Vorozhtsov, Troshchenko, J. Gen. Chem. (U.S.S.R.) 8, 431-437 (1938); Cent. 

1940, II 21.52; C.A. 32, 7907 (1938). (6) Vorozhtsov, Troshchenko, J Gen. Chem. {U.S.S.R.) 9, 

59-64 (1939) , Cent. 1940, 2153-2154; C.A. 33, 6281 (1939). (7) Bruson (to Rohm and Haas Co.) , 

U.S. 2,040,039, May 5, 1936; Cent. 1936, II 1386-1387; C.A. 30, 4177 (1936). (8) Harris, Chris- 
tiansen, J. Am. Pharm. Assoc. 24, 553-557 (1935). (9) Bruson, J. Am. Chem. Soc 68, 1743 

(1936). (10) Coleman, Moore (to Dow Chem. Co.), U.S. 2,170.990, Aug. 29. 1939: Cent. 1930. 

II 4592; C.A. 34, 1098 (1940). 


3:1760 1,2,3,4-TETRACHLOROBUTANE 

(solid isomer) 

(Butadiene tetrachloride; t" 

erythrene tetrachloride) 01 


H H C4H6CI4 
CH2 — C — C — CH2 


(!a ii 


Beil. 1-119 

11- ( 38) 

12— 


M.P. 73-74® (1 ) (2) B.P. 136-134® at 40 mm. (4) 

72.5-73° (3) 

72® (4) 

70® (5) 


This compd. is known in two diastereoisomeric forms, one solid (6), and one liauid 
(3:^9082) q.v. 

C cryst. from ale. (1) or CCI4 (3) in colorless pr. with strong camphoraceous odor. 

[For preparation of C from butadiene-1,3 by treatment in cold with CI2 (4) (6) (7) in 
CS2, CCI4, CHCI3, or Igr. soln. (4), or with SCI2 in pet. ether (1) see indie, refs.; for prepn. 
from 1,2,3, 4-tetrahydroxybutaiie (erythritol) (1:6825) with PCI5 in CS2 see (3); for formn! 
from acetylene -f HCl in electric discharge see (2).] [The proportion of solid (C) and 
liq^ (3:9082) isomers formed varies with conditions.] 

C on warming with Zn dust in ale. yields (4) butadiene-1,3, b.p. —4.8®. 

C with MeOH/KOH at 10-18° loses 2 HCl yielding (8) 2,3-dichlorobutadiene-l 3 
(3:5220), b.p. 39-40° at 80 mm., and other products. * 


8:1760 Backer, Strating, Rec. trav. chim. 54, 56-56 (1936). (2) Losanitch, Cent. 1913 II 754 
(3) Henninger, Ann. chim. (6) 7, 229 (1886). (4) Muskat, Northrup, J. Am. Chem. * Soc 52* 

4053-4056 (1930). (5) Ssorokin, Bjelikow, Cent. 1926, II 801. (6) Muskat (to du Pont/ 

3369; C.A 30, 3912 (1936). (7) Ruys, Edwards 
(to SheU Development Co.), U.S. 2.099,231. Nov. 16, 1937; Cent. 1988, 1 3387; C.A. 32. 190 (1938^ 
(8) Berchet. Carothers, J. Am. Chem. Soc. 55, 2007 (1933). 



SOLIDS 


3:1775-3:1800 


3:1775 8^-DIMBTHYIPHENACYL CioHijOa Bdl.Vn.333 

O«<Zy0O.CH^ 

acetophenone) 

M.P. 73° 

[For prepn. from o-xylene (1:7430) chloroacetyl chloride (3:5236) + AICI3 see (1) 

{2)J 

C on oxidn. with alk. KMn04 gives 4-methyli8ophthalic ac. (Beil. IX-863], m.p. 332° 
cor. (corresp. dimethyl ester, ndls. from MeOH, m.p. 80°). 

3:1775 <1) KunckeU, Ber. 30, 1713 (1897). <2) Jorlander, Ber. 50, 1469 (1917). 


3:1800 2,4-DICHLOROB£NZALD£HYDE C 7 H 4 OCI 2 Beil. VH - 336 

Cl ^ ^ CHO Vnx-(134) 

^ 61 

M.P. 74.5° <1> 

73° (2) 

71 (3) (5) 

70-71° (4) 

White ndls. with strong odor like ordinary benzaldehyde. — Volatile with steam (1). 
[For prepn. of C from 2,4-dichlorotoluene (3:6290) via bromination at 180-2(X)° to 2,4- 
dichlorobenzal (di)bromide and hydrolysis with cone. H2SO4 at 100° (92% 3neld) see (1); 
for analogous prepn. via 2,4-dichlorobenzal (di)chloride and its hydrolysis see (2) <4); 
for prepn. of C from 2-chloro-4-aminobenzaldehyde via diazo/CuCl reactn. see (3).) 

C on oxidn. with KMn04 yields 2,4-dichlorobenzoic acid (3:45f)0), m p. 162°. — C 
on htg. with MeOH /NaOMe in s.t. at 183° for 8 hrs. undergoes Cannizzaro reactn. yielding 
2,4-dichlorobenzyl ale., m.p. 68-69° (2), and 2,4-dichlorobenzoic ac. (3:4560), m.p. 161- 
162° (2). 

C on mononitration as specified (6) yields 2,4-dichloro-6-nitrobenzaldehyde [Beil. VII- 
263], cryst. from Igr., m.p. 74r-75° (6). [Note that 2,4-dichloro-5-nitrobenzaldehyde [Beil. 
VIIr(144)], m.p. 74°, has also been prepd. indirectly.] 

[For conversion of C to 2,4-diclilorostyrene (7) <8) via reaction with MoMgl giving 
(63% yield <1)) 2,4-dichlorophenyl-methyl-carbinol, b.p. 130-134° at 11 mm. (1), 127* at 
7 mm. (corresp. p-nitrobenzoate, m.p. 113° (1)), and dehydration of latter with KHSO4 
(33% yield (7)) see indie, refs.] 

® 2,4-Dichlorobenzaldoxime: ndls., m.p. 136-137° (4). [The oxime hydrochloride 
has m.p. 133.5° but on treatment with Na^COs yields oxime <4),] 

2,4-Dichlorobenzaldehyde pbenylbydrazone: unrecorded. 

2,4-Dicblorobenzaldebyde ^-nitropbenylbydrazone: unrecorded. 

2,4-Dicblorobenzaldebyde 2,4-dinitropbenylbydrazone: unrecorded. 

2,4-Dicblorobenzaldebyde semicarbazone: unrecorded. 

8:1800 (1) Lock, Bock, Ber. 70, 923 (1937). (2) van der Lande, Rec. trav. chim. 51, 103, 109 
(1932). (3) Blanksma, Chem. Weekhlad 6 , 899-913 (1909), Cent. 1910, I 261. (4) Erdmann, 

Schweehten, Ann. 300, 68-69 (1890). <5) Seelig, Ann. 337, 169 (1887). (6) Geigy and Ck).. 

Ger, 198,909; Cent. 1908, II 214. (7) Marvel, Overberger, Allen, Johnston, Saunders, Young, 

J. Am. Chem. Soc. 68 , 862-863 (1946). (8) Michalek, Clark, Chem. <St Eng. News 33, 1659- 
1563 (1946). 
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3:1815 6-CHLORO-2-METHYLPHENOL 
(5-Chloro-o-cresol ) 


M.P. 73-74*’ (1) (4) 

Long white hard iidls. from pet. eth.; eas. soL ale., AcOH; less sol. pet. eth. (1). 

C is eas. sol. alk. (1). 

[For prepn from 5-chloro-2-methyIanilinc [Bed. XII-835] see (1) (4)] 

C on mononitration (2) in AcOII with fumg. HNO3 at 5° gives mixt. of two mononitration 
products: 6-nitr()-5-chloro-2-methylphenol, volatile with steam, golden-yel. pr. from pet. 
eth., m.p. 54.5-55° (2), and 4-nit ro-.5-(‘hloro-2-methylphcnol, not volatile with steam, cryst. 
from aq. or Celle, m p. 144-145° (2). 

C on nitration (3) with 3 pts. HNO3 (D — 1 48) at 0° gives a dinitro compd., 4,6-dinitro- 
5-chloro-2-methylphonol [Beil. VIi-(181)], yel. ndls., from pet. eth., m.p. 146° (3); acetyl 
deriv., m.p. 109-110° (3). 

[For action of HNO2 on C see (4).] 

® 5-Chloro-2-methylphenyl ben2oate: from C + BzCl -f- aq. alk., white Ifts. from 
ale., m.p. 53-54° (1). 

3:1815 (1) Zincke, Ann. 417, 207-208 (1918). (2) von Auwers, Schornstein, Cent. 1924, II 

2269. (3) Zincke, Ann. 418, 234 (1918). (4) Hodgson, Moore, J. Chem, iSoc. 1926, 2037. 

3 : 1 820 l,l,l-TRICHLORO-2- (o- 
CHLOROPHENYL)-2-(/>- 
CHLOROPHENYL)ETHANE 
c 0,p'-DDT ’*) 


M.P. 74.0-74.5° <4) cor. (6) 

73-74° (5) 

This compound is the so-called o,p-isomer of ** DDT ” (3:. 3298). Although known 
to be a substantial contaminant (e.g., 18% (1) —19% (5)) of technical “ DDiy’ very little 
information is at present available regarding it. 

Cryst. from MeOH. 

[For prepn. of C from 2,2,2-trichloro-l-(o-clilorophenyl) ethanol (5) with chlorobenzene 
(3:7903) in pres, of cone. H2SO4 at 60° (64% yield) see (5).] 

C on dinitration with fumg. HNO3 at 50° for 1 hr give^ (5) a dinitro deriv., cryst. from 
95% ale., m.p. 148.0-148.5° cor. (5); note that this prod, has same m.p. as corresp. deriv. 
from “ DDT ” but that m.p. of a mixt. of the two dinitro compds. is depressed. 

C on tetranitration with a mixt. (1:1 by volume) of fumg. HNO3 + cone. H2SO4 at 
100° for 1 hr. gives <2) a prod., m.p 229.5-230° cor.; note that the corresp. prod, from 

DDT has m.p. 223.5-224.5° cor. (2). 

C with anhydrous AICI3 (1 mole) + large excess CcHq at ord. temp, evolves HCl and 
gives (10% yield (3)) 1,1,2,2-tctraphenylethane, m.p. 211°; in this connection see corresp 
behavior of “ DDT ” (3 : 3298). 

C with ale. KOH loses 1 HCl giving (97% yield (5)) (7) l,l-dichloro-2-(o-chlorophenyl)-2- 
(p-chlorophenyl)ethylcne (3:1925), accompanied by a little o,p'-dichlorodiphenylacetic 
acid, m.p. 106-107.5° cor. (7), the proportion of which may be increased by reaction of 
C with Ba(OH)2 in ethylene glycol at 175° (7). 


Cl< 


'CX, 


CuIIgCU 


Beil. S.N. 479 


cx 

a 


CH— CCI3 


OH C7H7OCI 


Cll 


0 " 


Beil. VI — 

VIi-(174) 

Vl2-(332) 
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3:1820-3:1831 


3:1820 (1) Gunther, J. Chem. Education 22, 239 (1945). (2) Schechter, Haller, J. Am. Chem. 

Soc. 66, 2129-2130 (1944). (3) Fleck, Preston, Haller. J. Am. Chem. Soc. 67 , 1419-1420 (1946). 

<4) Cristol, Hayes, Haller, Ind. Eng. Chem., Anal. Ed. 17 , 470-473 (1945). (5) Haller, Bartlett, 

Drake, Newman. Cristol, et al., J. Am. Chem. Soc 67 , 1591-1602 (1945). <6) Cristol. J. Am. 

Chem. Soc. 67 , 1498 (1945). (7) Cristol, Haller, J. Am. Chem. Soc. 67 , 2222-2223 (1945) . 


3:1822 4-CHLORO-2,6-DlMETHYLPHENOL CsHgOCl 

(5-Chloro-p-2-xylenol) Oil 



Cl 


M.P. 74-75® <1) 
74® (2) 


BeU. VI — 
VIi- 
Vl2-(467) 


Ndls. from Igr. 

[For prepn. of C from 2,5-dimethylphonol (p-xylenol) (1:1473) by chlorination with 
SOCI 2 in CHCI 3 (1) or AcOH ( 2 ) see indie, refs 1 
[For studios of bactericidal action of C see (2) (3).] 

[For behavior of C with o-nitrosulfenyl chloride see <4> cf. <5); behavior of C with sulfur 
chloride in CS 2 see ( 1 ).] 


4-Chloro-2,6-dimethylphenyl acetate: unreported. 

4<Chloro-2,6-dimethylphenyl benzoate: unreported. 

3:1822 (1) Lesser, Gad, Ber. 66 , 977 (1923) (2) Hcicken, Angew. Chem. 62 , 264-265 (1939). 

(3) Lockemann, Kunzmann, Angev^ Chem. 46, 296-301 (1933). (4) Learmonth, Smiles, J. 

Chem. Soc. 1936 , 327-328. (5) McClement, Smiles, J. Chem. Soc. 1937 , 1019-1021. 


3:1831 a,a,7-TRICHL0R0-n- 
BUTYRIC ACID 


M.P. 73-75° (1) 


Cl 


CH 2 .CH 2 . 

ii 


XCOOH 


31 


C4n502Cl3 


BeU. n.281 

n2- 


Cryst. with sharp odor suggesting chloroacetic acid. — Sol. in 20 pts. aq. — C blisters 
skin. — C in small amts. (5 g.) can (with care) be distilled, but attempts to distil larger 
units lead to decomposition with loss of HCl ( 2 ). 

[For prepn. of C from a:,a, 7 -tricliloro-w-butyraldehyde (3:9094) by odixn. with fumg. 
HNO 3 in cold see (I).] 

C does not react with Zn dust in aq, or with aq. K1 even at 100° ( 2 ); C does not react 
with NH 2 OII <2), 

C on boilg. with aq, (100 pts.) for 4 days yields ( 2 ) a soln. which is strongly acid, reduces 
Fehling soln. and hot NH 40 H/AgN 03 , and presumably conts. HOCH 2 .CH 2 .CO.COOH. 

C with aq. Na^COa loses one of its three chlorine atoms (probably that in 7 position) 
and upon acidification gives a soln. presumably contg. a lactone; for details see ( 2 ). 

The acid chloride corresp. to C is unreported. 


Methyl a,a, 7 -trichloro-n-butyrate: unreported. 

Ethyl a^, 7 -trichloro-n-butyrate: unreported. 

a,a, 7 -Trichloro-n-butyramide: unreported. 

a,a, 7 -Trichloro-n-butyranilide: unreported. 

a,a, 7 -Trichloro-n-butyr-a-naphthalide: unreported. 

8:1831 (1) Natterer, Monatsh. 4, 551-553 (1883). < 2 ) Natterer, Monatsh. 6 , 258-266 (1884). 
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3:1840 a,/3,/3-TRICHLOROACRYLIC 
ACID 


Cl C8HO2CI8 

a2C=<!3-COOH 


M.P. 76° <1) <2) <13) B.P. 99t-9Z3° at 760 nun. <S) 

74-75° (3) 133° cor. at 30 nun. (5) 

73° (4) 

73.9° (5) 


Beil, n - 402 
Ui-(187) 
Il9-(388) 


Pr. from CS2 or dry ether. — C is very eas. sol. hot aq. but spar. sol. cold aq.; at 25® its 
satd. aq. soln. conts. 6.4% C (1), at 20® 6% C (2). — C with aq. within certain limits 
forms two liq. layers; for thermal anal, of the system see (5); note that C with aq. forms 
a compd. of compn. C + 2.5 H2O, m.p. —0.6®, and that C with this compound forms a 
eutectic, m.p. 17° (5). — C is very sol. in ale., ether, or CHCI3. 

(C is usually prepd. from hexachloropropylene (3 : 6370) by direct or indirect hydrolysis 
of its terminal — CCI3 group to — COOH; for prepn. of C from hexachloropropylene by 
such hydrolysis with 90% H2SO4 in pres, of AI2 (804)3 at not above 130° (5) <1) cf. (6) <7) 
(81% yield (13)) or with boilg. aq. susp. of BaCOa (isolated as BaA2 in 92% yield <!)) 
see indie, refs.; for prepn. of C from hexachloropropylene (3:6370) via conversion with ale. 
NaOEt to triethyl orthotrichloroacrylate and subsequent quantitative hydrolysis with ale. 
KOH see (4).] 

[For formn. of C from hexachlorocyclopentanedione-1,3 [Beil. VII-553] by hydrolytic 
cleavage with 10% NaOH (3), or from /3-bromo-«,j8,/3-trichloropropionic acid (see below) 
by elimination of HBr on stdg. several days with aq. Ba(OH)2 (2), see indie, refs.] 

C on reduction with H2 in pres, of Pd cat. at ord. temp, and press, absorbs 4 moles H2 
yielding (8) propionic acid (1 : 1025). . 

C with CI2 in CCI4 soln. in sunlight adds 1 mole halogen giving (9) (8) pentachloropropionic 
acid (3:4895). 

[C with HBr might be expected to yield /3-bromo-a,^,/3-trichloropropionic acid, but this 
reaction is unreported although the expected prod. [Beil. 11-257], m.p. 83-84® has been 
prepd. by other means and with Ba(OH)2 loses HBr giving C (2).] 

C with half its wt. of PCls at 80° loses H2O between two molecules giving (4) trichloro- 
acryhc acid anhydride, cryst., insol. aq., m.p, 39-40° (4) (5); this product is also formed 
during the distillation of C even at reduced press. (5). 

C with excess SOCI2, however, gives (80-90% yield (1)) (13) trichloroacryloyl chloride 
(3:6845) q.v. 

Salts of C. [NaA (conductivity of aq. solns.) (10); KA, spar. sol. cold aq. (2); AgX, 
spar. sol. cold aq. but recryst. from hot aq. without decompn. (2) (4); MgA2.3]^H20, sol. 
aq. (10); CaA2.33^H20, sol. aq. (10) (2); SrA2.5H20, sol. aq. (10); BaA2.3^H20, sol. aq. 
(10) (2) (note that this salt on htg. in atm. of H2 gives (11) dichloroacetylene (3:6010)); 
ZnA2.6H20 and ZnA2.3HH20 (10); CdA2.2H20 (10); HgA2 (no crystal aq.) (10).] 


Methyl a,j9,/3-trichloroacrylate: unreported. 

Ethyl o,/3,/3-trichloroacrylate: b.p, 192-194°; 112-114® at 50 mm.; Dj® = 1.2183; 

Tij) * 1.4649 (4). [Prepd. indirectly from triethyl orthotrichloroacrylate (itself 
obtd. from hexachloropropylene with NaOEt) by shaking with cone. HCl (4).] 

O ai/3|/3-Trichloroacrylainide: m.p. 97° (12), 96-97° (4), 96° (2). [From trichloroacryloyl 
chloride (3:6845) with cone. NH4OH (4) or from ethyl trichloroacrylate (above) with 
ale. NH3 (12).] 

a,/3,/9-Trichloroacrylanilide: m.p. 98® (13). [From trichloroacryloyl chloride (3:5845) 
with anhine in CHCU at 0® (77% yield) (13).] 
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3:1840 (1) Bdeseken, Dujardin, Ree. trav. chim. 33, 98-101 (1913). (2) Maberry, Am. Chem. J. 

9, 3-6 (1887). (3) Zincke, Rohde, Ann. 399, 380 (1898). <4) Fritsch, Ann. 397, 316-318 (1897). 

(6) Bdeseken, Carriere, Rec. trav. chim. 34, 179-186 (1916). (6) Prins, J. prakt. Chem. (2) 89, 

416 (1914). (7) Prins, Ger. 261,689, July 2, 1913; Cent. 1913, II 394-396; C.A. 7, 3641 (1913). 

(8) Bdeseken, van der Weide, Rec. trav. chim. 36, 272-273 (1927). (9) Boeseken, Rec. trav. chim. 

46, 841 (1927). (10) Bdeseken, Rec. trav. chim. 46, 844-846 (1927). 

(11) Bdeseken, Carriere, Veralag Akad. Wetenachappen 33, 1186-1188 (1914). (12) Gilta, 

BnU 80C. chim. Belg. 39, 687-688 (1930). (13) Bergmann, Haskelberg, J. Am. Chem. Soc. 63, 

1438 (1941). 


3 : 1850 a/t^^-TETRACHLOROPROPIONIC 
ACID 

M.P. 76® (1) 


CSH2O2CI4 

Cl Cl 

in— <! j-cooh 

A 


BeU. Q-SS3 

n,- 

II2 


Colorless cryst. from CS2 + CHCla; fairly sol. aq. 

[For prepn. of C from a,/3-dichloroacrylic acid (3 : 2265) in CS2 with dry CI2 in sunlight 
see (1).] 

Salts; KA; AgS (readily dec. to AgCl on warming aq. soln.); CaAa; BaA2 (1). 

3:1860 (1) Maberry, Smith, Ber. 33, 2669-2660 (1889). 


3: 1875 /3,/3-DICHLOROACRYLIC ACID C 3 H 2 O 2 CI 2 Bell, n-401 

Cl2C«CH.COOH Di— 

Hjjp— 

M.P. 76-77® (1) (2) (3) 

{Also see text.) 

Ndls. from pet. ether or by sublimation. — C is spar. sol. aq. but very eas. sol. ether or 
CHCI3. — C on htg. above its m.p. (e.g., to 120®), then rapidly cooled to 60® or below 
remelts at 6J1-64® (2) (3); on standing, however, C finally reverts to the form of m.p. 76-77®. 
— C decomposes on attempted distn. 

[For prepn. of C from propiolic acid (acetylene-carboxylic acid) [Beil. 11-477] by con- 
version to chloropropiolic acid (3:1685) and subsequent addr. of 1 HCl by htg. with a 
large excess cone. HCl at 100® for 5 hrs. (77% overall yield from propiolic acid) see (1); for 
formn. from “ cliloralide (3:3510) by reduction with Zn 4- HCl in ale. soln. see (2) (3).) 
The behavior of C toward hydrogenation has not been reported. 

Neither C nor its ethyl ester (see below) adds Br2 (3). 

[C with aq. Ba (OH )2 on boilg. splits both HCl and CO2 yielding chloroacetylene (3 : 7000) ; 
the formn. of this highly explosive substance probably accounts for the ignition and detona- 
tion sometimes observed cf. (2) (1).] 

Salts: KA (3); AgA (3); CaA2.2H20 (2); BaA2.2H20 (2); ZnA2.2H20 (3). 

C with PCls gives (3) /3,/3-dichloroacryloyl chloride, b.p. above 145®; this prod, with 
EtOH or C in EtOH with dry HCl gives (3) ethyl /3,/3-dichloroacrylate, b.p. 173-176®. 

/3,/3-Dichloroacrylamide: ndls. from CHCJI3, m.p. 112-113® (3). [From the above 

acid chloride with dry NH3 (3).] 

3:1876 (1) Straus, Kollek, Heyn, Ber. 63, 1876-1877 (1930). (2) Wallach, Ann. 363, 83-94 
(1880). (3) WaUach, Ann. 193, 6-8, 19-28 (1878). 
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3:1890 l,l-DICHLORO-2-(o- 

CHI.0R0PHE]m)-2-(/)- 
CHLOROPHEHYDETHANE 
(“o,p-DDD ”) 


M.P. 76-78° <1» 


C 14 H 10 CI 4 

Cl 

ci<CIXA Ai 


BeU. S.N. 474 


Colorless cryst. from MeOH or from pentane. — Note that C is a minor impurity in 
technical grade “ DDT ” (3:3298). 

[For prepn. of C from 2,2-dichloro-l-(o-(;hlorophonyl)ethanol (1) with chlorobenzene 
(3:7903) in pres of H2SO4 (39% yield) see (1).] 

C with ale. KOH loses 1 HCl giving <1) l-chloro-2-(f>-c}ilorophcnyl)-2-(p-chlorophenyl)- 
ethylene (not described) which upon oxidn. with CK)3/Ac()H gives (1) 2,4-dichlorobenzo- 
phenone (3:1565). 


3:1890 (1) Haller, Bartlett, Drake, Newman, Cristol, et al., J. Am, Cfiem. Soc. 67, 1600 (1945). 


3:1900 2-CHLORO-4-PHENYLPHENOL 

(3-Chlcro-4-hydroxybiphonyl ) 



BeU. S.N. 539 


M.P. 77° (1) (4) B.P. 176.6° at 6 mm. (5) 

C is sol. in NaOH. [For prepn. of NaA using solns. of C in org. solv. such as McOH, 
ether, or toluene see (2).] 

C htd. with NaOH/NaaCOs soln. under press for 3 lirs. at 290-300° gives 4-phenyl- 
pyrocatcchol [Beil. VI-990], m p. 145°; diaeetate, m.p 77 5-78° (3). 

C in CCI4 stood 5 days with 1 mole J3r2 gave (44% yiidd) 6-bromo-2-chloro-4-phenyl- 
phenol, wh. pr. (from CHCI3), m p. 84-86° cor. (4); C in AiiOH (257^, yield) or in CS2 
(56% yield) stood 2 days with 2 moles Br2 gave 6-bromo-4'-(p-bromophonyl)-2-chloro- 
phenol, coarse w^h. ndls., m.p. 143-146° cor. <4) 

C in AcOH treated with 1 mole HNOs in AcOH gave 38% yield of 2-cliloro-6-nitro-4- 
phenylphenol, thick yel. pi. (from CCI4), m.p. 89-90° cor. <5). 

C with (CH3)2S04 4- NaOH <1) or CH3I -f- aq. KOH (5) yields the corresp. Me ether, 
2-cliloro-4-pheiiylanisole, m.p. 91-92° (1), 93° cor. (5). 


<g) 2-Chloro-4-phenyl-phenyl acetate: m.p. 68° (7). [From C + AC2O + NaOAc in 
92% yield (7).] 

® 2-Chloro-4-phenyl-phenyl benzoate: from C + BzCl + aq. alk. in 80% yield (4); 
cryst. from AcOH (4), m.p. 95-97° cor. (4), 110-111° (6). 

(© 2-Chloro-4-phenyl-phenyl benzenesulfonate: m.p. 59-60° (8). [From C + benzene- 
sulfonyl chloride 4- aq. 10% NaOH (8).] 

(gl 2-Chloro-4-phenyl 2,4-dinitrophenyl ether: from C + 2,4-dinitrochlorobenzene in 
cone. aq. KOH refluxed for several hrs.; yield, 70%; m.p. 109-111°C. (4). 

8:1900 (1) Grether (to Dow Chem. Co.), U.S. 1,832,484, Nov. 17, 1931; Cent. 1932, I 740. (2) 

Mills (to Dow Chem. Co.), U.S. 1,955,080, Apr. 17, 1934, Cent. J934, II 1991. (3) Harvev 

(to Squibb and Sons), U.S. 1,952,755. Mar. 27, 1934; Cent. 1934, II 1846. (4) Colbert Meijrs 

Mackin, J. Am. Chem. Soc. 56, 202-204 (1934). (5) Colbert, Meigs, Stuerke, J. Am. Chem. Soc. 
56, 2129 (1934). (6) Harris, Christiansen, J. Am. Pharm. Assoc. 24, 553-557 (1935) (7) 

Savoy, Abernathy. J. Am. Chem. Soc. 64, 2220 (1942). <8) Savoy, Abernathy. J. Am Chem 

Soc. 64, 2720 (1942) . 
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3:1903 a,3-DICHLORO-n-BUTYRIC 
ACID (high-melting isomer) 
(Isocrotonic acid dichlondo) 


H H C4H«Oaa2 

CHj — — (!) — COOH 

kL 


BeU. n -279 

Hi- 

Ur- 


M.P. 78° (1) (2) (5) B.P. 131.5° at 20 mm. <2) 

72-73° (3) (4) 130-131° at 18 mm. (5) 

[*5?ee also aS-dichloro-n-butijnc acid (low-melting isomer) (crotonic acid dtchlonde) (3 : 1375).] 

Colorless cryst. from pet. ether — C is very eas. sol. alo., ether, much less sol. aq. 

[For prepn, of C from a-chlorocrotonic acid (3:2760) by addn. of 1 HCl using cone. aq. 
HCl (satd. at 0°) in s.t. at 100° for 50 hrs. see (2) (4); from either a-chloro-/3-hydroxy-n- 
butyric acid of m.p. 62° [Beil. II 1-300] (4) or from /3-chloro-«-hydroxy-n-butyric acid of 
m.p. 125° [Beil. 1II-306] (3) by htg. with cone. aq. HCl (satd. at 0°) in s.t. at 100° for 40 hrs. 
see indie, refs.; for formn of C by (partial) isomerization of the lower-melting isomer 
(crotonic acid dichloride) (3: 1375) with cone. HCl in s.t. at 100° see (5); from the amide 
(see below) corresp. to C with IINO 2 see (1) ] 

C behaves as an acid but is slightly weaker than its isomer; ionization const, of C is 
6 1 X 10“® (5); its reported salts include AgA, sp.ar sol. aq (4); BaA2.3H20 (4): and 
ZnA2 (4). 

C with ah;. KOH loses 1 mole HCl giving (2) (4) mainly a-chlorocrotonic acid (3:2760) 
accompanied by some a-chloro-isoerotonie acid (3:1615). 

The acid chloride corresp to C is unreported. 

Methyl a,/3-dichloro-n-butyrate; unreported. 

Ethyl a,a-dichloro-n-butyrate: unreported. 

a,^-Dichloro-n-butyramide: mp 125° {^). [Prepd. indirectly but with HNO 2 

gives C (1) ] 

3:1903 0) Rambaud, Bull. soc. chim. (5) 1 , 1339 (1934). (2) Michael, Sehulthess, J. prakt. 

Chem. (2) 46 , 259-262 (1892). (3) Melikoff, Petrenko-Kritscheiiko, Ann. 266 , 371-374 (1891). 

(4) Melikoff, Ann. 234 , 201-204 (1886). (5) Michael, Bunge, Ber. 41 , 2911 (1908). 


3:1905 


a,a,^-TRICHLORO-n-BUTYR- Cl C 4 H 7 O 2 CI 3 

ALDEHYDE HYDRATE „ „ I „ „ 

(“ Butyrchloral hydrate ”) 9 ^ 9 CH.OH 

<31 Cl C)H 


M.P. 78° (1) 

77-78° <2> 

77° (24) 

74-74.6° (3) 


BeU. I - 664 

11— 

12- (786) 


[See also afa,l3-lrichloro-n-btUyraldehyde (butyrchloral) (3:5910).] 

Lfts. from aq. or ale. — Spar, sol cold but fairly eas. sol hot aq.; very eas. sol. ale. — 
For crystallographic data see (3) (5). — Note that because of tendency to dissociate on 
htg. into butyrchloral (3:5910) + aq. the m.p. observed for C vanes according to rate of 
htg. (3). — Note also that C is isomeric with chloral ethylalcoholate (3:0860) with which 
it must not be confused; for distinction of C from chloral hydrate (3:1270) see (9) (10). 

C is employed in medicine as a sedative; from the body it is excreted in the urine as 
urobutyrochloralic acid [Beil 1-664], which upon hydrolysis yields (4) 2,2,3-trichlorobutanQl- 
1 (3:1336) -H glucuronic acid [Beil. III-884, llI]-(306)]. 



3:1905 


BUTYRCHLORAL HYDRATE 


240 


[For prepn. of C from butyrchloral (3:5910) by reactn. with aq. see (1) (2) <6).l 

[C is reduced by fermenting yeast giving {7) dextrorotatory 2,2,3-trichlorobutanol-l, 
m.p. 62®; for actn. of C on ale. fermentation see (8).] 

C on oxidn. with 3 wt. pts. fumg. HNO3 (D = 1.504) at 30-35® for 1)^ hrs. then stood 
at room temp, for 24 hrs. gives (95% yield (11)) a,a,jS-trichloro-n-butyric acid (3:1280). 

C om distn. with half its wt. of AC2O (12), or shaking with cone. H2SO4 (13), or on distn. 
with CHCI3 (14), or on htg. alone loses its combined aq. yielding butyrchloral (3:5910), 
b.p. 165®. 

C with cone. H 2 SO 4 (at least 6 wt. pts.) at room temp, for 2 dajrs trimerizes to a mixt. 
(80% yield (12)) of two parabutyrchlorals: these are colorless crystn., sharp-melting solids, 
sol. in org. solvents, but insol. aq. ; the less sol. a-parabutyrchloral, rhombic cryst. from 
boilg. AcOH or boilg. EtOH, has m.p. 180®; the more sol. jS-parabutyrchloral (stereoisomer ?), 
cr3rst. from boilg. AcOH or boilg. EtOH, has m.p. 157®; these polymers can be distilled at 
15 mm. but attempts to distil them at ord. press, result in complete dissociation to butyr- 
chloral (3:5910). 

C with aq. KOH or NaOH evolves heat and yields (1) (15) 1,1-dichloropropene-l 
(3:5120) + the salt of formic acid (1:1005). 

[C with cone. aq. HCN fails (16) to react, but upon addn. of ale. and subsequent digestion 
(16), or C (1 mole) with aq. KCN (2 moles) at 40° (17), gives (20% yield (17)) a,a,j8- 
trichloro-n-butyraldehyde cyanohydrin [Beil. 111-322, IIl2-(226)], pi. from aq., m.p. 101- 
102® (17) (18), accompanied by (61% yield (17)) a-t:hlorocrotonic acid (3:2760), m.p. 
98.5-99° (17). — Note that C (1 mole) in ale. treated gradually with powdered KCN 
(2 moles) below 15° over a 3-4 hr. period gives (90% yield (17)) ethyl a-chlorocrotonate 
(3:8523); in this reactn. the intermediate ethyl a,|8-dichloro-n-butyrate readily loses HCl 
and is generally not isolated; use of ales, other than EtOH gives good yields of the corresp. 
alkyl oKJhlorocrotonates (17). — Note that for C with KCN in CeHe the reaction takes 
a different course (17). — Finally, note that C (1 mole) in cone. aq. NH4OH first dissolves, 
then ppts, butyrchloral-ammonia as a heavy oil; the mixt. on satn. with dry NH3 gas in 
cold followed by treatment at 10® with powdered KCN (1 mole) evolves heat and gives 
(93% yield (17)) a-chlorocrotonamide, m.p. 113.5° (17).] 

[C undergoes condensation with various org. systems: e.g., C with phenyl isocyanide 
(1 mole) in ether for 4-5 days gives (53% yield (19)) a-hydroxy-^,/3,7-trichloro-valeranilide, 
tbls. from ale., CeHe, or CHCI3, m.p. 156-158° (19). — C (1 pt.) with malonic acid (1:0480) 
(1 pt.) in pyridine (1 pt ) at 100° for 3 hrs. evolves CO2 and gives (20) /9-hydroxy-7,7,6- 
trichloro-n-caproic acid, cryst. from hot aq., m.p. 102° (20). — C (1 mole) with nitromethane 
(1^ moles) in dil. ale. in pres, of Na2S03 at 60° gives (100% yield (21)) l-nitro-3,3,4- 
trichloropentanol-2, b.p. 156° at 4 mm., m.p. abt. 20° (21); C (1 mole) with nitroethane 
(1 mole) in 50% ale. in pres, of Na^SOs + K2CO8 at 70° gives (22) 2-nitro-4,4,5-trichloro- 
hexanol-3, b.p. 138° at 0.75 mm. (22).] 

[C forms with various org. substances molecular cpds. of pharmaceutical interest; e.g., 
C (1 mole) with quinine (base) (1 mole) in abs. ale. at 75° for 1 hr. gives 1 : 1 cpd., m.p. 
139® (note that the corresp. cpd. from chloral (3:5210) + quinine has m.p. 149° (23)). — 
C (1 mole) with 2,3-dimethyl-l-phenylpyrazolone-5 (“Antipyrine**) (1 mole) (m.p. 112°) 
rubbed together and recrystd. from aq. gives (24) 1 : 1 molecular cpd., colorless pr., m.p. 
72® (for f.p. /compn. data and diagram of this system see (24)). — C with 2,3-dimethyl-4- 
dimethylamino-l-phenylpyrazolone-5 (“ Pyramidone ”) (m.p. 107.5°) on fusion or in aq. 
or CeH# (24) (25) (26) gives a 1 : 1 mol. cpd. {** Trigemin ”), cryst. from CoHe, m.p. 86-86° 

(26) , long ndls. from aq., m.p. 84® (24) (for f.p. /compn. data and diagram on this system 
see (24)); for stabilization of “Trigemin” by addn. of 5-10% hexamethylenetetramine 

(27) or 2% MgO (28) see indie, refs.] 
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[C with various org. hydroxy acids in pres, of cone. H2SO4 condenses to give prods, of 
the chloralide type: e.g., for reactn. of C with citric acid (1:0505), malic acid (1:0460), 
or tartaric acid (1:0525) see (29); with gallic acid (1:0875) (and numerous other phenolic 
aci^) see (30).] 

C with cone. aq. NH4OH first dissolves then ppts. a heavy oil of butyrchlorai-ammonia 

(17) ; cryst. m.p. 62® (see also above for its reaction with KCN). 

[C with excess dry NH4OAC on moderate htg. for several hrs., then pouring into aq., 
gives (18) a,a,iS-trichloro-n-butyraldimine, cryst. from CeHc, m.p. 169-170® (31), 164-165® 

(18) ; observe that this m.p. is notably close to that of the condensation prod, of butyr- 
chloral (3:5910) with acetamide, and that latter is readily formed from NH4OAC by dry 
htg. ; this matter, however, seems to have received no further attention.] 

C with aq. NH2OH.HCI on htg. readily yields (32) a,a,/9-trichloro-n-butyraldoxime 
(first separating as an oil), cryst. from Igr., m.p. 65® (32). 

The reaction of C with arylhydrazines is of special interest and has been extensively 
studied. With phenylhydrazine the reaction is extremely vigorous (33) (34) and unless 
carefully controlled (35) may become almost explosively violent yielding only tar. With 
nuclear-substituted phcnylhydrazines, however, the reaction is milder, and their study 
has shown that all arylhydrazines react in the same general pattern although this com- 
prises several different courses according to the solvent used. The pattern will be il- 
lustrated here only by the case of 2,4-dichlorophcnylhydrazine (see below); for details 
of the analogous reaction of C with phenylhydrazine (33) (34), 0-, m-, and p-tolylhydrazines 
(34), 2,5-diclilorophcnylhydrazine (35) (36), 3,5-dichlorophenylhydrazine (36), 2,4,5- 
trichlorophenylhydrazine (36), 2,4,6-trichlorophenylhydrazine (36), p-bromophenylhydra- 
zine (34), 2,4^ibromophenylhydrazine (37), 4,5-dibromophenylhydrazine (35), and 2,4,6- 
tribromophenylhydrazine (35) see indie, refs. 

[The reactn. of C (1 mole) with 2,4-dichlorophenylhydrazine hydrochloride (1 mole) 
first gives the expected butyrchloral 2,4-dichlorophenylhydrazone (A) which, however, 
cannot be isolated because of immediate further reaction in two different modes according 
to the solvent employed. In dil. aq. HCl contg. NaOAc (A) loses HCl in two different 
ways leading on one hand to a,^-dichlorocrotonaldchyde 2,4-dichlorophenylhydrazone 
(/?), long yel. pr, from ale, or AcOH, m.p. 112® (33), and on the other (simultaneously 
and with rearr. of unsatd. linkages) to the crimson l-(2,4-dichlorobenzeneazo)-2,3-dichloro- 
butene-1 (C) (in most instances the last is not isolatable in pure form although it has 
been in the case (37) of C with 2,4-dibromophenylhydrazine); in MeOH, EtOH, or AcOH, 
however, the two a-chlorine atoms of the initial arylhydrazone (A) undergo hydrolysis with 
consequent formn, of j3-chloro-a-keto-n-butyraldehyde 2,4-dichlorophenylhydrazone (D), 
pale yel. pr. from ale., m.p. 129° (33).] 

[This last type of cpd. {D) can be caused to undergo two further important t3q)es of* 
reaction: e.g., {D) with further 2,4-dichlorophenylhydrazine in MeOH soln. not only 
undergoes conventional condensation of its oc-keto grouping but also has the ^-chlorine 
atom replaced by methoxyl so that the product obtd. is /3-methoxy-a-keto-w-butyraldehyde 
5ts-(2,4>^iclilorophenyl)osazonc {E)t bright yel. pr. from pyridine or CeHe, m.p. 196® dec. 
(33) (this reaction occurs so readily in MeOH that from C 2,4-dichlorophenylhydrazme 
hydrochloride both (/>) and (E) are formed and may be separated by fractional crystn.); 
on the other hand, (D) with ale. NaOEt on htg. loses HCl and ring-closes (38) to l-(2,4- 
dichlorophenyl)-4-hydroxy-5-methylpyrazole (F), colorless cryst. from boilg. ale., m.p. 
184® (38) (this type of reactn. comprises a general synthesis of 4-hydroxypyrazole8).] 

3:1905 ( 1 ) Kramer, Pinner, Ber. 3, 383-390 ( 1870 ). ( 2 ) Moureu, Murat, Tampier, BuU, $oe. 

chim. ( 4 ) 29, 33 ( 1921 ). ( 3 ) Lieben, Zeisel, Monatah. 4, 534-538 ( 1883 ). ( 4 ) Mering, Z. physiol. 

Chffm, 6 , 491-496 ( 1882 ). ( 5 ) von Lang, Z. KrisU 25, 521-522 ( 1896 ). ( 6 ) Pinner, Ann, 179, 
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25-29 (1875), (7) Rosenfeld, Biochem. Z. 156, 64-67 (1925); Cent. 1926, I 2301; C.A. 19, 2683 
(1925). (8) Neuberg. Ehrlich, Biochem. Z. 101, 239-275 (1920); Cent. 1920, I 534; C.A. 14, 

2007 (1920). (9) Gabutti, BoU. chim. farm. 42, 777- 778 (1903) ; Cent. 1904, I 480. (10) Ware, 

Chemist and Druggist 123, 282 (1935), Cent. 1936, I 1667; C.A. 30, 983 (1936). 

(11) Roberts, J. Chem. Soc. 1938, 779. (12) Chattaway, KelJett, J. Chem. Soc. 1928, 2709- 

2714. (13) Willcox, Brunei, J. Am. Chem. Soc. 38, 1837 (1916). (14) Engel, Moitessier, Compt. 

rend. 90, 1075-1077 (1880). (16) Pinner, Ann. 179, 44 (1876). (16) Pinner, Bi.schoff, Ann. 

179, 97-99 (1875) (17) Chattaway, Irving, J. Chem. Soc. 1929, 1043-1047. (18) Pinner, 

Klein, Ber. IL 1488, 1491 (1878). (19) Passerini, Gazz chim lial. 52, 435 (1922). (20) Riedel, 

Straube, Ann. 367, 44 (1909). 

(21) Chattaway, Witherington, J. Chem. Soc 1935, 1178-1179. (22) Chattaway, Drewitt, 

Parkes, J. Chem. Soc. 1936, 1294. (23) Chemisch-Pharmazeutische A.G., Bad Iloniburg, Ger. 

590,312, Dec. 29, 1933, Cent 1934, 1 1353. (24) Pfeiffer, Seydol, Z. physwl. Chem. 178, 102-103, 
106-107 (1928). (25) Polish 13,303, May 12, 1931; Cent. 1932, II 925. (26) M L.B., Ger. 
160,799, April 25, 1904; Cent. 1904, 1 1379. (27) Chemisch-Phai mazeutische A G., Bad Homburg, 
Ger. 438,984, Dec. 29, 1920, Cent. 1927, I 1068. (28) Altwegg (to Soc. Chim. dcs Usmes du 

Rhone), Brit. 294,092, Aug. 9, 1928, Cent. 1929, I 1049. (29) Shah, J. Indian Chem. Soc. 16, 

285-286 (1939). (30) Katrah, Meldrimi, ./. Indian Chem. Soc. 9, 121-125 (1932). 

(31) Schiff, Ber 11. 2167 (1878) (32) Schiff, Tarugi, Gazz. chim. ital. 21, II 8-9 (1891). 

(33) Chattaway, Irving, J. Chem. Soc. 1930, 87-94. (34) Chattaway, Irving, J. Chem. Soc. 

1931, 751-753. (35) Chattaway, Irving, J. Am. Chem. Sue. 54, 263 271 (1932). (36) Chat- 
taway, Adair, J. Chem. Soc. 1933, 1488-1490. (37) Irving, J. Chem. Soc. 1940, 813-817. (38) 

Chattaway, Irving, J. Chem. Soc. 1931, 786-794. 


3:1910 3-CHLOROPHENYLACETIC 
ACID 

(w-Chloro-a-toluic acid) 

M.R 77.5-78.5° cor. (1) 

76° (2) <3> 

74° (4) 


CsHtOsCI 

cT 


BeU. S.N. 941 


Colorless ndls. best recrystd. from commercial n-heptane (Skellysolvo “ C ’*) (1); Ifts. 
from aq. ale. (4). — Very spar. sol. aq., quite sol. ale. or Celle, miso. with other. [For 
study of ionization const, see (3).] — [For study of fate of C in animals see (5).l 

[For prepn. of C from m-chlorobenzyl bromide (m p. 15-15.5° cor., bp. 103-105° at 8 
mm., DIs = 1.5652 (1)) via conversion to m-Cl.C6ll4.CIl2MgBr and subsequent carbona- 
tion (65-75% yield) see (1); from m-aminophenylaectic acid [Beil. XIV-456, XIVi-(588)] 
via diazotization and use of CuaCl^ rcactn. (but no details reported) (5); from m-chloro- 
phenylpyruvic acid (4) in dil. aq. NaOH with 30% H2O2 (57% yield) see (4); from w- 
chlorophenylacetonitrilc, m.p. 11.5°, bp 261° at 757 mm. (2), by hydrolysis in II2SO4/ 
.AcOH/aq. see (2).] 

[For reactn. of closely related 7n-Cl.C6H4.CIl2.COOMgX with large excess of various 
RMgX cpds. see (6) and also under m-chlorobeiizyl chloride (3:6445).] 

[C with SOCI2 yields (5) m-chlorophenylacetyl chloride, yel.-green liq., b.p. 52° at 16 
mm. (5); this prod, with aminoacetic acid (glycine) in dil. aq. NaOH yields (5) m-chloro- 
phenylacetaminoacetic acid (m-chlorophenylaccturic acid), colorless ndls. from aq., m.p 
144-145° (5).] 

[C converted to its Pb salt, latter dried at 110° and distilled, yields (2) 3,3'-dichloro- 
dibenzyl ketone, colorless ndls. from ale., m.p. 89° (2) (corresp. oxime, m.p. 73° (2), semi- 
carbazone, m.p. 121° (2)).] 

Methyl 3-chlorophenylacetate: unreported. 

Ethyl 3-chlorophenylacetate: unreported. 

(© (3-Chlorophenylacet) anilide: thin white pi. from dil. ale., m.p. 130° cor. (1). [From 
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C with 1 mole aniline on htg. at 180-190® for 2 lira. (1), or indirectly from m-chloro- 
benzyl phenyl ketoximc by Beckmann rc3arr. with PCU in ether (64-82% yield (1)).) 

(g) (3-Chlorophenylacet)-m-chloroanilide: white ndls. from dil. ale., m p. 120® cor. (1). 
[From C with m-(;hloroaniline (1 mole) on htg at 180-190° for 2 hrs. (1), or indi- 
rectly from m-chlorobenzyl m-chlorophenyl ketoxime by Becskmann rearr. with PCU 
in ether (64-82% yield (I)).] 

3:1910 (1) Jenkins, J. Am. Chem. Soc. 55, 2898-2899 (1933). (2) Kenner, Morton, J. Chem. 

Soc. 1934, 679-680 (3) Dippy, Williams, J. Chem. Soc. 1934, 1888-1892. (4) Buck, Ide, 

J. Am. Chem. Soc. 54, 3307- 3309 •(1932). (5) Muenzen, Ccrecedo, Sherwin, J. Biol. Chem. 68, 

508-510 (1926). (0) Ivanov. Pchn6nitchny, Bull. soc. chim. (5) 1, 231-232 (1934). 

3:1913 4-CHLOROBIPHENYL / \ / \ CujHgCl BeU. V - 579 

(4-('hloro-xenene (15)) \ X \ Vi — 

V2-(483) 

M.P. 77.7® (I) B.P. 391.3° at 746 mm. (5) 

77.5® (2) (3) 383® (12) 

77.3-77.4° (4) 333-336° at 160 mm. (14) 

77.3® (5) 

77° (6) (7) (8) 

76° (9) (10) (21) (25) 

75.5° (11) (12) 

75-76° (13) 

Colorless cryst. from ale. (0 8 ml. /g. (5)); somewhat less sol in ale. than isomeric 2- 
ehlorobiphenyl (3:0300). — Volatile with steam. — [For fp. /compn. curves of systems: 
C + biphenyl (1 :7175), C + 4-fluorobiphenyl, or C -h 4-bromobi phenyl, see (7) ] 

[For prepn. <>f C from biphenyl (1:7175) with CI2 m pres, of Fc (30% yield (5)) (14) 
(16) (17), or SbCla (12), see iiidic. refs. (2-chlorobiphenyl (3:0300) is also formed; for use 
of mixt. for transformer oil sec (18); for sepn. t)f mixt. see (19)); for prepn. of C from p~ 
aminobiphenyl via diuzotizatioii and use of CU2CI2 reactn. see (2) (7).] 

[For prepn. of C from p-(ihloroaniline [Beil. Xll-607, XII 1- (604)] via diazotization and 
coupling of resultant diazonium sidt with Celle m aq. NaOH suspension (yields: 41% (1), 
40% (6)) of. (21) (23) or in aq. NaOAc (yield = 35% (6)), or by formn. of p-chlorobenzene- 
diazonium chloride /ZnCl2 opd. and reactn of latter with CeHe in AcOH ■+• NaOAc (yield 
== 34% (20)) see indie, refs.: from iV'-nitroso-acet-p-chloroanilide with CeHe in CHCI3 
for a few days at room temp see (13).] 

[For formn. of C from decompn. of dibenzoyl peroxide (1:4930) in boilg. chlorobenzene 
see (22); from dccompn. of benzoyl /Mihlorobenzoyl peroxide see (23); from di-(p-chloro- 
benzoyl ) peroxide in CeHe see (24) (4) (3); for formn. of C from 4-hydroxybiphenyl (1 : 1585) 
with PCU sec (10); from p-xcnylselenium tnchlorido on htg. see (25); from p-chloroiodo- 
benzenc -f Cu powder see (2) ] 

[C with aq. 15-30% NaQH at 300-400® under pressure (26) in pres, of Cu (27), or C 
with aq. Na2C03 4- Cu at 300° (28), or C with aq. vapor over cat. at 525-600° (29) gives 
(75% yield (26)) 4-hydroxybiphenyl (1 : 1585) (28) (29) or its mixt. with 3-hydroxybiphenyl 
(1 : 1475) (27) ] 

[C with cone. aq. NH4OH + cat. under press, as directed (30) (31) gives p-aminobi- 
phenyl.] 

[C with Li in dry ether under N2 gives (32) Li 7>-xonyl. — C with Na sand in CeHe at 
110-120® under press, followed by carbonation with CO2 gives (65-67% yield (33)) bi- 
phenyl-4-carboxylic acid (p-phenylbenzoic acid) [Beil. IX-671, IXi-(280)l. — C with Na 
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4- diethyl carbonate (1:3150) in CeHe as directed gives (yields: 42% <36), 36-40% (36), 
39% (37), 23% (38)) tri-(p-xenyl)carbinol (<m-p-biphenylcarbinol) [Beil. VI-738, Vj- 
(369)1, colorless cryst. from AcOH, m.p. 207-208° (36), 20r (38), 206-207° (37). — C 
with Na 4 benzophenone (1:5150) in CeHe gives (67% yield (34)) diphenyl-p-xenyl- 
carbinol [Beil. VI-732], colorless cryst. from Igr., stable form, m.p. 135-136® (34), meta- 
stable form, m.p. 112-113° (34).] 

[For reactn. of C with Na 4 AsCls giving (39) tri-(p-xenyl)arsine, with Na 4 SbClj 
gi'^ng (40) tri-(p-xenyl)stibine, with Na 4 PCI 3 giving (41) tri-(p-xenyl) phosphine, or 
with Na 4 SiCU giving (42) tetra-(p-xenyl)silane see indie, refs.] 

[C 4 stearoyl chloride (3:9960) 4 AICI 3 in CS 2 gives (43) heptadccyl p-chloroxenyl 
ketone, m.p. 96-97° (43). — C 4 cyclohexene (1:8070) 4 AICI 3 gives (44) a mixt. of 
cyclohexyl-p-chlorobiphenyls.] 

[C 4 phthalic anhydride (1:0725) 4 AICI 3 as directed (45) (46) gives (93% yield (45)) 
o-[4-(p-chlorophenyl)benzoyl]benzoic acid, colorless rods from AcOH or toluene, m.p. 251° 
cor. (45), 249.6-250^6° (46).] 

The nitration of C does not appear to have been reported. 

C on oxidn. with CrOs in AcOH jdelds (10) (25) p-chlorobenzoic acid (3:4940), m.p. 
237° (10) (25). 

8:1912 (1) Gomberg, Bachmann, J. Am. Chem. Soc. 46, 2339-2343 (1924). (2) Weissberger, 

Sangewald, Z. phyaik. Chem. B-20. 155 (1933). (3) Fichter, Adler, Helv. Chim. Acta 9, 284-286 

(1926). (4) Gelissen, Hermans. Ber. 58, 292 (1925). (5) Jenkins, McCullough, Booth, Jnd. 

Eng. Chem. 22, 31-34 (1930). (6) Elbs, Haworth, Hey, J. Chem. Soc. 1940, 1285. (7) L. Klemm, 

W. Klemm, Schiemann, Z. phyaik. Chem. A-165, 383-384, 388 (1933). (8) Fuo^», J. Am, Chem, 

Soc. 63, 371 (1941). (9) BruU, Gazz. chtm. Ual. 65. 24 (1935). (10) Schultz, Ann. 174, 209-210 

(1874). 

(11) Adam, Russell. J. Chem. Soc. 1930, 205. (12) Kramers, Ann. 189, 142-146 (1877). 

(13) Bamberger, Ber. 53, 2316-2316, 2320 (1920). (14) Britton, Stoesser (to Dow Chem. Co.). 

U.S. 1.835,754, Dec. 8, 1931; Cent. 1932, 1 1440. (15) Hale, J. Am. Chem. Soc. 54, 4458-4469 

(1932). (16) Prahl, Mathes (to F. Raschig), Ger. 676,765, May 3, 1933; Cent. 1933, II 134; 

Ger. 580,512, July 13, 1933; Cent. 1933, II 1763. (17) Malowan (to Swann Research, Inc.), 

U.S. 1,951,677, March 20, 1934; Cent. 1934, II 3183. (18) Federal Phosphorus Co., French 

702,497, April 9, 1931; Cent. 1931, II 2096. (19) Britton, Stoesser (to Dow Chem. Co.), U.S. 

I, 890,427, Dec. 6, 1932; Cent. 1933, II 2894. (20) Hodgson, Marsden, J. Chem. Soc. 1940, 211. 

(21) Bamberger, Ber. 29, 465-466 (1896). (22) Hey. J. Chem. Soc. 1934, 1967. (23) Wieland, 

Rasuwajeu, Ann. 480, 168-169 (1930). (24) Bdeseken, Gelissen, Rec. trav. chim. 43, 871 (1924). 

(25) Be^ghel, Hofmann, Ber. 72, 692 (1939). (26) du Pont Co., Brit. 406,319, March 22, 1934; 

Cent. 1934, 1 3801. (27) Britton (to Dbw Chem. Co.), U.S. 1,996,744, April 9, 1935; Cent. 1935, 

II 1962. (28) Britton (to Dow Chem. Co.), U.S. 1,959,283, May 16, 1934; Cent. 1934, II 1688. 

(29) Booth (to Swann Research, Inc.), U.S. 1,925,367, Sept. 5, 1933; Cent. 1934, I 128. (30) 

Groggins, Sjirton, Ind. Eng. Chem. 28, 1051-1063 (1926). 

(31) Booth (to Swann Research, Inc.), U.S. 1,964,469, April 10, 1934; Cent. 1934, II 1846. 
(32) MOller, Topel, Ber. 72, 285 (1939). (33) Morton, LeFevre, Hechenbleikner, J. Am. Chem. 

Soc. 58, 764-755 (1936). (34) Clapp, Morton, J. Am. Chem. Soc. 59, 2074-2076 (1937). (35) 
Bachmann, Wiselogle, J. Org. Chem. 1, 371-372 (1936). (36) Morton, Myles, Emerson, Org. 

Syntheaea 23, 95-97 (1943). (37) Morton, Emerson, J. Am. Chem. Soc. 59, 1948 (1937). (38) 

Morton, Stevens, J. Am. Chem. Soc. 53, 4029-4030 (1931). (39) Worrall, J. Am. Chem. Soc. 52, 

666 (1930). (40) Worrall, J. Am. Chem. Soc. 52, 2048 (1930). 

(41) Worrall, J. Am. Chem. Soc. 52, 2934-2935 (1930). (42) Schumb, Ackerman, Saffer, 

J. Am. Chem. Soc. 60, 2487 (1938). (43) Ralston, Christensen, Ind. Eng. Chem. 29, 194-190 

(1937). (44) Martin, Coleman (to Dow Chem. Co.), U.S. 1,969,984, Aug. 14, 1934; Cent. 1935, 

I 2258. (45) Groggins, Ind. Eng. Chem. 22, 622 (1930). (46) Groggins, U.S. 1,786,626, 1,786,- 

528, Dec. 30, 1930; Cent. 1931, II 3157-3158 (1931). 
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3:1914 4-CHLOROBBNZOPHENONE 

(p-Chlorophenyl phenyl 
ketone) 



CisHflOCl 


M.P. 78.4® <1) 

78® (28) 

77-78® (2) 
76-77® (35) 

76® (3) (4) 

76.6-76® (5) (37) 
76-77® (6) 

76® (7) 

72-73® (8) 


B.P. 332® at 771 mm. (7) 
322-326® (8) 


Beil. Vn - 419 
Vni.(227) 


Colorless ndls. from ale., 80% aic., or ether 4- ale. — Eas. sol. hot ale. but spar. sol. 
cold ale., eas. sol. ether, spar. sol. cold Igr. [For search for possible polymorphic forms 
see (4) (9) (10).] 

[For prepn. of C from benzoic acid (1:0715) + chlorobenzene (3:7903) with AlCla 
(82.4% yield C + 11.9% 2-chlorobenzophenone (3:0715) (1)), or with P2O5 at 180-200® 
(5), see indie, refs.; from benzoyl chloride (3:6240) + chlorobenzene (3:7903) with AlCla 
(yields: 97% (37), 86% (8), 80-90% (7) (11), 45% (4), 40% (2)) (3) (some 2^hloro isomer 
also being formed (12)) see indie, refs.; from p-chlorobenzoyl chloride (3:6550) + benzene 
with AICI3 (84.6% yield) see (6); from tetra-(4-chlorophenyl)ethylene glycol bis- (magnesium 
iodide) in quant, yield with I2 or O2 see (13); from p-chlorobenzohydrylidene-a-phenylethyl- 
amine by hydrol. with warm dil. H2SO4 see (8).] 

[C on reduction with Al/Hg in 80% ale. (3) (14) or with 3% Na/Hg (7) or on boilg. with 
ale. KOH for 2 days (15), or exposure to sunlight for 7 days of its soln. in isopropyl ale. 
contg. Na isopropylate, gives (85% yield (3) (14), 80% yield (16>) 4-ohlorophenyl-phenyl- 
carbinol. (4-chlorobenzohydrol) [Beil. VI-680, VIi-(327)], m p. 67.5® (3) (14), 62® (7), 
accompanied by a little (14% (3) (14)) a,a'-diphenyl-a,a'-6is-(4-chlorophenyl)ethylene 
glycol (sym.-4,4'-diclilorobenzopinacol) [Beil. VIi-(523)l, m.p. 179® (3) (14). — C with Zn 
4 AcOH yields 4-chlorobenzohydryl acetate (12) or a mixt. (7) of 4-chlorobenzohydrol 
(above) 4 the corresp. pinacol (see below).] ^ 

[C with Mg 4 Mgl2 in ether 4 CeHe or C in very dil. ale. soln. in sunlight (7) gives 
(94% yield (13)) «ym.-4,4'-dichlorobenzopinacol, m.p. 172-178® (see above). — C with Zn 
dust 4 H2SO4 in aq. AcOH yields (12) sym.-4,4'-dichloro-a-benzopinacoline (8y7n.-4,4'-di- 
chlorotetraphenylethylene oxide) [Beil. XVII 1- (45)], ndls. from AcOH, m.p. 220® dec. (12). 
— For oxidn.-reductn. potential of C see (35).] 

[C with cone. HI 4 red P in AcOH refluxed 14 hrs. gives (7) 4-chlorodiphenylmethaiie 
[BeU. V-590, Vi-(278), V2-(500)], b.p. 298® at 742.5 mm. (7).] 

[C with diphenylmethyl sodium (benzohydryl-eodium) followed by aq. gives (18) cor- 
resp. tertiary ale., viz., benzohydryl-p-chlorophenyl-phenyl-carbinol, m.p. 176-178® (18), 
which with acetyl chloride loses H2O to give 4-chlorotetraphenylethylene [Beil. Vr(376), 
V2-(679)], m.p. 166-167® (18). — C with MeMgl in dry ether yields (19) p-chlorophenyl- 
phenyl-methyl-carbinol which on loss of aq. by htg. as directed gives (66% overall yield) 
cx-(4-chlorophenyl)-cK-phenylethylene, b.p. 164® at 16 mm. (19); note that this prod, with 
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Br2 does not add halogen but rather evolves HBr yielding (20) both solid (m.p. 94-95®) 
and liq. stereoisomers of )3-(4-chlorophenyl)-/3-phcnyl vinyl bromide. — C with /3-(4-chloro- 
phenyl)-j8-phenylvinyl MgBr as directed (23) gives l,4"di“(?><5hlorophenyl)-l,4-diphenyl- 
butadiene-1,3, yellowish green ndls. from amyl ale., m.p. 230° (23). — C with tripheiiyl- 
methyl MgBr in ether -f CeHe, follow'cd by dil. AcOH, gives (21) 78% 3dcld sym.A,^ 
dichlorobenzopinacol (see above) + 80% yield triphcnylmethyl peroxide.] 

[C with ethyl bromoaectate + Zn in dry CeHe gives (yields; 79% (22), 67% (24)) ethyl 
/3-(4-chlorophenyl)-i3-hydroxy-/3-phenyl-propionate, m p. 79-80.5° (22), 69° (24); this 
prod, on htg with 85% formic aiad gives (66% yield (24)) ethyl ji?-(4-chl()rophcnyl)cin- 
iiamate, b.p. 210-212° at 13 mm. (24), or on hydrolysis gives (22) ^-(4-(dilorophenyl)-/3- 
hydroxy-^-phenylpropionic acid, m.p. 188.5-189.° dec. (22).] 

C with pels at 150° gives (yields: 90% (25) (27), 88% (26) (8)) a,«,4-trichlorodiphenyl- 
methanc (4-chlorobenzophenonc dichloride) [Beil. V-592, V]-(279)], b.p. 191-193° at 13 
mm. (8), 189-194° at 12 mm. (25). ])f = 1.302 (25), 7if? = 1 6110 (25); this prod, with 
Zn dust refluxed in dry ether for 1 hr gives {V2% yiold (25)) a,jii-<li-(?)-chlorophenyl)-a,/3- 
di(phenyl)cthylene, ndls. from ale., m p. 202-203° (25). 

6 fused with KOH/NaOH gives (28) benzoic acid (66%) + p-chlorobcnzoic acid (3:4940) 
(18%) + a little p-hydroxybenzoic acid (1:0840). — C \vith 10% aq. NaOH in pres, of 
Cu under press, at 100° yields (29) 4-hydroxybenzophenone (1 : 1560). 

[C with NHa in pres, of Cu cpds. at 170-300° under press, gives (30) 4-aminobenzo- 
phenone [Beil. XIV-81, XIV r (388)], Ifts. from dil. ale., m p. 123-124°. — C condensed 
with NaNH.CeHs as directed (31) yields 4-anilinobenzophenoneanil, m.p. 56° (for other 
amines and use of products as antioxidants see (31)); note, however, that by a closely 
similar method (36) p-ohlorobeiizophenoneanil, m.p 64-64.5°, can also be obtd ] 

C on dinitration with abs. HNO3 gives (32) a mixt. contg. 4-chloro-3,3'-dimtrobenzophe- 
none, cryst. from toluene, m p. 166°, 4-chloro-3,2'-diiiitrobenzophenone, cryst. from ale., 
m.p. 123.5°, and 4-chloro-3,4^-dinitrobenzophenone, m p. 136-136.5°. 

® 4-Chlorobenzophenone oxime: This prod, is known in two stereoisomer! c forms: the 
higher-melting isomer, m.p. 155-156° (6) (corresp. acetate, m.p. 147-148° (6), cor- 
resp. benzyl ether, m.p 74-75° (6)), which on Beckmann rcarr. (6) (34) with PCI5, 
with cone. H28O4 at 100°, or with AcOH /AC2O/HCI yields 4-rhlorobenzanihde, is in 
the light of modem views on trans interchange regarded as the s?/n-(7>-clilorophenyl) 
stereomer; the lower-melting isomer, m.p. 95° (6) (corresp. acetate, m.p. 105-106° (6), 
corresp. benzyl ether, m p. 98-99° (6)), which on Bcclonann rearr. with PCls yields 
benz-p-chloroanilide, is now regarded as the <rans-(p-clilorophenyl) stereomer. [A 
mixt. of these two stereoisomenc oximes contg. 56% high-melting form 4-44% low- 
melting form (33) is obtd. from C with NH2OH.HCI 4- pyridine in abs. ale. (33) or 
from C 4- NH2OH.HCI 4” dil. ale. KOH (6); the two isomers are separated by means 
of their different solubilities in ale. (6) (34). — Note that the lower-melting isomer 
is itself converted to the higher-melting form by htg. 3 hrs. at 100° (6) and also (in 
part) during Beckmann rearr.] 

4-Chlorobenzophenone phenylhydrazone: cryst. from ether /AcOH, m.p. 106° (34). 
[From C with phenylhydrazinc or phenylbydrazine acetate in ale. as directed (34).] 

4-Chlorobenzophenone ^-nitrophenylhydrazone : unreported. 

® 4-Chlorobenzophenone«2,4-dinitrophenylhydrazone: m.p. 184-185° (Heilbron). 

8:1914 (1) Newton, Groggins, Ind. Eng. Chem. 87 , 1398 (1935). (2) Wegerhoff, Ann. 252, 

5-11 (1889). (3) Cohen, Rec. trav. chim. 38, 115, 123 (1919). (4) Schaum, Unger, Z. anorg. 

allgern. Chem. 138 , 91-93 (192.3-24). (5) Kollarits, Merz, Ber. 6, 547 (1873). (6) Demuth, 

Dittrich, Ber. 83 , 3609-3614 (1890). (7) Montagne, Rec. trav. chim. 86, 262-267 (1907). (8) 
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Ingold, Wilson, J. Chem. Soc. 1833, 1502. (9) Schaum, Ann. 482, 203 (1928). (10) Schaum, 

Naumann, Z. anorg. allgem. Chem. 148, 222 (1925). 

(11) Gomberg, C^one, Ber. 39, 3278 (1906). (12) Montagnc, Kirpal, Rec. trav, chim. 29, 138, 

143, 145-147 (1910). (13) Gomterg, Bachmann, J. Am. Chem. Soc. 49, 239, 250 (1927). (14) 

BOeseken, Cohen, Cent. 1915, I 1376. (15) Montagnc, Rec. trav. chim. 27, 33^335 (1908). 

(16) Bachmann, J. Am. Chem. Soc. 55, 394 (1933). (17) Cohen, Rec. trav. chim. 39, 258 (1920). 

(18) Bergmann, ./. Chem. Soc. 1936, 412-413. (19) Bergmann, Bondi, Ber. 64, 1468 (1931). 

(20) Bergmann, Engel, Meyer, Ber. 65, 456 (1932). 

(21) Bachmann, J. Am. Chem Soc 53, 2762 (1931). (22) Alexander, Jacoby, Fuson, J. Am. 

Chem. Soc. 57, 2209 (1935). (23) Kef 24, p. 256. (24) Bergmann, Hoffmann, Moyer, J. prakt. 

Chem. (2) 135, 261 (1932). (25) Piice, Fanta, J. Am. Chem. Soc. Soc. 64, 2726-2727 (1942). 

(26) Peterson, Am. Chem. J. 46, 332 (1911). (27) Moigan, J. Am. Chem. Soc. 38, 2100 (1916). 

(2S) Lock, Rodiger, Ber. 72, 868 (19.39). (29) Britton (to Dow Chem. Co.), U.S. 1,961,630, 

June 5. 1934; Cent. 1934, II 1846. (30) Britton (to Dow Chem. Co.), U.S. 1,946,058, Feb. 6, 

1934; Cent. 1934, I 3396. 

(31) Britton, Heindcl, Brjmer (to Dow Chem. Co ), U.S. 2,063,868, Deo 8, 1936; Cent. 1937, 
I 4559; C.A. 31, 705 (1937) (32) Montagnc. Ber. 49, 2274-2276 (1916). (33) Bachmann, 

Barton, Org. Chem. 3. 303 305 (1938). (34) Overton, Ber. 26, 27-28 (1893). (35) Adkins, 

Cox, J. Am. Chem Soc 60, 1153 (19.3S) (36) Biitton, Bryner (to Dow Chem. Co ), U.S. 1,938,- 

890, Dec. 12, 1933; Cent. 1934, I 3801. (37) Borcherdt, Adkins, J. Am. Chem. Soc. 60, 5 (1938). 


3:1915 DI-(TRICHLOROMETHYL) OCCI3 

CARBONATE / 

(Triphosgeno, fierchlorodimethyl 
carbonate, hexachlorodimethyl OCCI3 

carbonate) 

M.P, 78-79® (1) B.P. 203® at 760 mm., si. dec. (3) 

79° (2) (3) (4) 124® at 60 mm. (3) 

117® at 36 mm. (2) 

105° at 22 mm. (2) 

Cryst. from anhydrou.s ether (1) (2) or pet. eth. (4). — Disagreeable penetrating odor; 
attacks mucous membrane. 

C on distil, dissociates slightly into phosgene (3:5000) and diphosgene (trichloromethyl 
chloroformate) (3:5515) (4) (5); solid C when mixed with powdered charcoal and heated 
to just above m.p. rapidly decomposes to phosgene (3:5000) (5). 

[For prepn. of C from dimethyl carbonate (1 :3046) by chlorination in sunlight see (1); 
from methyl chloroformate (3:5075) by chlorination sec (2) J 

C on treatment at 20° for 1 hr. with Nal in acetone evolves CO and separates iodine to 
84% of amt. expressed by the reactn. ClaC.O CO.O.CCI3 + 6NaI — > 3CO + 3I2 + 6NaCl 
( 6 ). 

C with most reagents behaves like phosgene; e.g., C with alcohols gives ultimately 
dialkyl carbonates (7); C with aniline in ether (7) or aq. (2) gives iV,iV-diphenylurea, m.p. 
233® (7); C with phenol + nq. NaOH gives (90% yield (7)) diphenyl carbonate (1:2335) 
cryst. from ale., m.p. 77.5-78° (7). 

[For use of C in prepn. of acid chlorides of carboxylic or sulfonic acids see (8); similarly 
C htd. with anhydrous NaOAc yields AC2O (9).] 

3:1915 (1) Councle'r, Ber. 13, 1697-1699 (1880). (2) Grignard, Rivat, Urbain, Ann. chim. (9) 

13, 263-265 (1920). (3) Kling, Florentin, Jacob, Ann. chim. (9) 14, 208 210 (1920). (4) 

Marotta, Gazz. chtm. lial. 59, 959 (1929). (5) Hood, Murdock, J. Phys. Chem. 23, 508-612 

(1919). (6) Ferret, Biechler, Compt. rend. 203. 84-87 (1936) ; C.A. 30. 7423 (1936). (7) Nekras- 

Bow, Melnikov, J. wakt. Chem. (2) 126, 95-96 (1930). (8) Brit 401,643, Dec. 14, 1933; Cent. 

1934, II 2133. (9) Melnikov. Sidorova, J, Gen. Chem. {U.S.S.R.) 1, 740-742 (1931); C.A. 26, 

3234 (1932); Ceni. 1932, II 2313. 


Beil, m . 17 
nii.( 8) 
nia-de) 
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3:1995 14-DICHLORO-8-(o.CHLOROPH£NyL)- 
2-(^-CHL0R0PHENYL) 

BTHYLENE Cl CiiHgai Beil. S.N. 480 



M.P. 78.4-79.6'’ cor. (1) 

Rectangular pi. from MeOH or EtOH. 

[For prepn. of 0 from l,l,l-trichloro-2-(o-clilorophenyl)-2-(p-chlorophenyl)ethane 
(“ o,p'-DDT ”) (3: 1820) by elimination of 1 HCl with ale. KOH on refluxing 3 hrs. (97% 
yield) see (1).] 

C on oxidn. with CrOg/AcOH gives (I) 2,4-dichlorobenzophenone (3:1565), m.p. 64.2- 
65.2® cor. 

S:1925 (1) Haller, Bartlett, Drake, Newman, Cristol, et al., J. Am. Chem. Soc. 67, 1599, 1602 
(1945). 

3:1930 1,2,6-TRICHLORONAPHTHALENE Cl CioHsClg Beil.V-644 

Cl Vi- 

Va- 


M.P. 79® (1) 

78-78.6® (2) (4) 

77® (3) 

(See text.) 

Cryst, volatile with steam. — C if fused at 79® in cap. m.p. tube, and then allowed to 
cool slowly in the bath or rapidly in air, solidifies at 69® to a translucent cryst. mass which 
(if the temperature is immediately raised) melts at 74® but if allowed to remain at or 
below 69® for a few minutes becomes opaque and then melts at 79® (1). 

[For prepn. of C from l-chloro-5-sulfonaphthylamine-2 [Beil. XIV-750] via diazotization 
and use of CugClg reactn. see (1) (4); from l-chloro-2-nitronaphthalenesulfonic acid-5 
[Beil. XI-1701 <3), 2-chloro-l-nitronaphthalene8ulfonyl chloride-5 [Beil. XI-1691 (3), 2- 
chloronaphthalene-l,5-bM-(sulfonyl chloride) [Beil. XI-213] (5), or 1,2-dichloronaphthalene- 
sulfonic acid-5 [Beil. XI-163] (2) with PCU see indie, refs.] 

[C treated with ClSOsH in CSg and conv. to K salt as directed (1) gives a mixt. contg. 
70% Gess sol.) K l,2,5-trichloronaphthalen4ulfonate-X (corresp. sulfonyl chloride, m.p. 
146®) and 30% (more sol.) K l,2,5-trichloronaphthalene8ulfonate-Y (corresp. sulfonyl 
chloride, m.p. 179®).] 

8:1930 <1) Turner, Wynne, J. Chem. Soc. 1941, 247, 251-252. (2) Armstrong, Wynne Chem 
Newa 89, 188 (1889). (3) Cleve, Chem. Ztg. 17, 398 (1893). (4) Armstrong, Wynne Proe. 

Chem* Soc* 1888f 36, 49. (5) Armstrong, Wynne, Chem. Newa 62, 164 (1890). 
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3:1038 14-DICHL0R0.2,2- 

DIPHENYLETHYLENE 


<=>^C 

cy 


C14H10CI8 


c=ca2 


M.P. 80® (1) (2) B.P. 336® cor. <5) (6) 

(6) (6) (13) 316.5® cor. (7) 

78.0-70.5® (3) 315® u.c. (5) (6) 

78.5® (4) 


BdL V - 630 
Vi- 
Va-(545) 


Colorless cryst. from ale.; 100 pts. 00% ale. dis. in eold 11.01 pts. C, on boilg. 19.87 pts. 
C (8). — C is eas. sol. ether, CHCI 3 , or CS 2 ; less so in ale. or 


PREPARATION OF C 

[For prepn. of C from l,l,l-triehloro-2,2-diphenylethane (3:1420) by splitting out 
1 HCl on distn. (9) ef. (10) (6), or with ale. KOH (2) (1) (for study of rate see (11)), or 
ale. NaOEt (1) see indie, refs.; from unsj/m.-diphenylethane [Beil. V-605, Vi-(286), V 2 -(^)) 
with CI 2 at 100-150® in quartz flask in light for 10 hrs. followed by distn. at ord. press. 
(16% yield) see (3); from unsym.-diphenylethylene [Beil. V-639, Vi-(308), V2-(643)l with 
CI 2 followed by distn. see (12).*] 

[For formn. of C from a,a-dichloro-/3,/J-diphenylethylene sulfide (CI2CJ — C(C6H6)2) by 

\/ 

S 

htg. at 100® for 2 hrs. (or for shorter time at 160®), or by boilg. with MeOH, or htg. with 
Zn see (13); from a,a-dichloro-/3,/9-diphenylethyl p-tolyl sulfone with PCU at 200® for 2 hrs. 
see (4); for formn. of C during eondensation of eUoral (3:6210) with CeHe + AlCls in CS 2 
see (10) (6).] 

CHEMICAL BEHAVIOR OF C 

Reduction. [C on reduction with eone. HI -f P at 176-210® gives (7) un«ym.-<iiphenyl- 
ethane [Beil. V-605, Vj-(285), V2-(509)l and bibenzyl (1:7149).] 

Addition of halogens. C with CI 2 in dry CHCI 3 adds 1 mole halogen giving (6) (5) 
l,l,l,2-tetrachloro-2,2-diphenylethane, m.p. 85® (6). — C with excess Bra htd. on aq. bath 
until excess reagt. evaporates gives (6) l,2-dibromo-l,l-dichloro-2,2-diphenylethane, cryst. 
from ale., m.p. 120.0-120.6® (6). 

Behavior with alkalies. [C with aq. NaOH at 150®, or with ale. NaOH in s.t. at 100®, 
is substantially unaffected within 24 hrs. (3); however, C with ale. KOH in stainless-steel 
bomb at 150® for 24 hrs. gives (73% yield (3)) diphenylacetic acid (1:0765), m.p. 147- 
148® cor. (3) cf. (1). — Note also that, although C with dry NaOMe in C^« does not 
react even in s.t. at 180® for 36 hrs. yet C with dry NaOMe (2 moles) on direct distn. gives 
diphenylacetylene (tolane) and other products (15).] 

[Note also that C with Na phenolate at 225® for 24 hrs. gives (3) a-hydroxy-a,ae-diphenyl- 
acetaldehyde diphenylacetal (benzilaldehyde diphenylacetal), m.p. 111.5®-112® (3).] 

Behavior with H 2 SO 4 or HNOs. WUh H^O^. C with cone. H 2 SO 4 on warming first 
becomes yellow, then dark green, later violet, and ultimately brownish red. (5) ( 6 ). 

WUh HNOz. C on addition to 12 pts. ice-cold fumg. HNO 3 and subsequently pouring 
onto ice gives (14) l,l-dichloro-2,2-6w-(p-nitrophenyl)ethylene, yellowish ndls. from hot 
ale., m.p. 172® (14); note also that from the mother liquors of recrystn. there can also be 
obtd. some 4,4'-dinitrobenzophenone, m.p. 188-180®, resulting from some simultaneous 
oxidn. (14). 
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Behavior with active metals. [C with Li in dry ether followed by treatment with ale. 
gives according to conditions (16) (17) (18) either or both 1,2,3-triphenylnaphthalene, m.p. 
161-162® (16) (17) (18) (mononitro deriv., m.p. 200-201° (18)), and 1,2,3,4-tetraphenyl- 
butadiene-1,3, m.p. 183° (18) (17) (16); for explanation see (18).] 

8:1938 (1) Harris, Frankfurter, J. Am. Chem. Soc. 48 , 3147-3148 (1926). (2) Bayer, Ber. 6 , 

223 (1873). (3) Sheibley, Prutton, J. Am. Chem. Soc. 62, 840-841 (1940). (4) Kohler, Potter, 

J. Am. Chem. Soc. 67, 1321 (1935). (5) Biltz, Ann. 296, 240-241 (1897). (6) Biltz, Ber. 26, 

1965-1956 (1893). (7) Redsko, J. R\iss. Phys-Chem. Soc 21, 424 (1889). (8) Elbs, J. prakt. 

Chem. (2) 47 . 78 (1893). (9) Goldschmiedt, Ber. 6, 987 (1873). (10) Biltz, Ann. 296, 221 (1897). 

(11) Brand, Busse-Sundermann, Ber. 76, 1822, 1828 (1942). (12) Hepp, Ber. 7, 1411 (1874). 

(13) Staudinger, Siegwart, Helv. Chim. Acta 3, 846 (1920). (14) Lange, Zufall, Ann. 272, 2-3 

(1892). (15) Staudinger, Rathsam, Hclv. Chim. Acta 6, (548, 654 (1922). (10) Schlenk, Berg- 

mann, Ann. 463 , 72-75, 80-81 (1928). (17) Bergmann, Schreiber, Ann. 600 , 118-120 (1933). 

(18) Smith, Hoehn, J. Am. Chem. Soc. 63 , 1184-1187 (1941). 


3:1940 l,l-DICHLORO-2,2- 
DIPHENYLETHANE 


C — CCI2 

<iyu 


C14H12CI2 


Beil. V - 606 
Vi-(385) 
V2-(510) 


M.P. 80® (1) (2) B.P. 295-305° dec. (1) 

74-75® cor. (3) 

74® (4) (6) 

Colorless cryst. from ale. — C is eas. sol. ale., ether, acetone, AcOH, Igr., or CHCI3. — 
C with cone H2SO4 or with AICI3 gives a red color. 

(For prepn. of C from dicliloroacetaldehyde diethylacetal (3:6110) with Celie + cone. 
H2SO4 (1) (5) (3) (yields not reported) sec indie, refs.; for formn. of C from dichloroacetalde- 
hyde (3:5180) with CeHe + AICI3 (6), or from l,l,l-trichloro-2,2-diphcnylethane (3:1420) 
during reduction in ale. /pyridine with H2 + Ni (7) or during electrolytic reduction as 
specified (8) (9) (2), see indie, refs.] 

C on distn. at ord. press. (1) or with boilg. ale. KOH (1) or NaOH (2) loses HCl giving 
l-chloro-l,2-diphenylethylene [Beil. V-639], m.p. 42°. — Note, however, that C with KNH2 
in liq. NH3 (3) (5) not only loses HCl but the resulting intermediate reacts further with 
rearrangement giving (91% yield) diphenylacetylene (tolane) [Beil. V-656, Vi-(319), 
V2-_(568)]. 

C on boilg. with aq. is not hydrolyzed and no trace of the expected diphenylacetaldehyde 
results (1). 

C on addition to fumg. HNO3 at 0®, stdg. 24 hrs., and pouring into aq. gives (1) a dinitro- 
benzophenone of unknown structure (corresp. phenylhydrazone, m.p. 234° (1)). 


3:1940 (1) Buttenberg, Ann. 279 , 324-327 (1894). (2) Brand, Ber. 46 , 2937-2941 (1913). 

(3) Coleman, Holst, Maxwell, J. Am. Chem. Soc. 68, 2312 (1936). (4) Combes, Ann. chim. (6) 

12 , 271 (1887). (6) Coleman, Maxwell, J. Am. Chem. Soc. 66, 132-134 (1934). (6) Delacre, 

BiUl. aoc. chim. (3) 13, 858, Note 4 (1895). (7) Brand, Horn, J. prakt. Chem. (2) 116, 353, 361 

(1927). (8) Brand, Z. Elekirochem. 16 , 669 (1910). (9) Brand, Ber. 64 , 1987 (1921). 


3:1945 1,1, 2,3,4, 4 .HEXACHLORO- 
BUTENE-2 
(solid stereoisomer) 


Cl Cl Cl Cl C4H2CI6 

Ai A. 


BeU. S.N. 11 


MJ>. 80° (1) 

[See also liquid stereoisomer (3:9046).] 
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Colorless shining Ifts. (from ale.) with camphoraceous odor. Eas. sol. ether, CeHe, 
CHCI 3 , or CCI 4 . ^ 

[For prepn. of C (100% yield (1)) from the solid stereoisomer (3:0870) of 1,2,3,4-tetra- 
chlorobutadiene-1,3 see (1); for formn. of C from 1,1,2,2-tetrachloroethane (acetylene tetra- 
chloride) (3:5750) by actn. of u.v. light see (1).] [Note that octachlorobutane (3:2000) 
has also been reported in same rcactn.] [For formn. of C together with its liquid stereo- 
isomer (3:9046) by actn. of CI 2 upon the high-boilg. fraction obtd in the prepn. of tri- 
chloroethylene (3:5170) from 1,1,2,2-tctrachloroethane (acetylene tetrachloride) (3:5760) 
see (1).) 

C in ale refluxed with Zn /Cu couple for 1 hr. yields (1) the solid stereoisomer of 1, 2,3,4- 
tetrachlorobutadiene-l ,3 (3:0870), m.p. 50° (1). 

3:1945 <1) MilUer, HUthor, Ber. 64, 589-600 (1931); C.A. 26, 3956-3957 (1931). 


3:1960 PIPERONYLOYL CHLORIDE 

(3,4:-Methylenedioxy- q _ 

benzoyl chloride) | 

CH2-< 



CgHsOaCl Beil. m. 270 

!=0 — 


M.P. 80° (1) <2) B.P. 155° at 26 mm. (2) 

140-141° at 8 mm. (1) 

[For prepn. of C from piperonylic acid (1:0865) with excess SOCI 2 at 100° (1) or in 
CeHe (90-95% yield (4)), or with PCU (2), see indie, refs. — Note, however, that at higher 
temps, the dioxymethylone group is also attacked: e g , piperonylic acid htd. in a s.t. with 
SOCI 2 at 180-200° for 8 hrs. (1) or refluxed 3 hrs. with 3 moles PCU (1) yields fi,ti-dich\oro- 
piperonoyl chloride [Beil. XIX-272, XIXi-(743)l, b.p. 149-150° at 12 mm. (1).] 

[C with diazomc thane yields (3) piperonyl diazomethyl ketone which with ammonia 
yields (3) homopiperonylamido, m.p. 173°; C with ethyl sodio-acetoacetate in dry ether, 
followed by hydrolysis (iis specified (4)) of the acetyl group, yields ethyl piperonoylacetate, 
m.p. 42.5° (4) 1 

C on hydrolysis with aq. yields piperonylic acid (1 : 0865), m.p. 228°. 


® Piperonylamide [Beil, XIX-2701: tbls. from ale., m p. 169°. 

© Piperonylanilide [N^-phcnyl-piperonylamidel : cryst. from dil. ale., m.p. 146-147° cor. 

(5) [From C + 2 moles aniline in CsHg <5).] 

(© Piperonylo-^-toluidide: cryst. from dil. ale., m.p. 149-149.5° cor. (5). [Similarly 
using p-toluidine <5).] 

Piperonylo-a-naphthalide: cryst. from dil. ale., m.p. 192-193° cor. (5). [Similarly 
using a-naphthylamine (5).] 

Piperonylo-/3-naphthalide: cryst. from dil. ale., m.p. 156.5-157° cor. (5). [Similarly 
using /3-naphthylamine (5).] 

3:1960 (1) Barger, J. Chem. Soc. 93, 567-668 (1908). (2) Perkin, Robinson, Ckem. News 92, 

293 (1906). (3) Arndt, Eistert, Ger. 650,706, Sept. 30, 1937; Cent. 1937, II 4390; C.A. 82, 595 

(1938). (4) Bruchhausen, Gerhard, Ber. 72, 836-836 (1939). (5) Gertler, Haller, J. Am. Chem. 

Soc. 64, 1741 (1942). 


l,l,l-TRICHLORO-2-METHYL. 

PROPANOL-2 HYDRATE 


CH3 

CHa—dl— CCI3. 


H 2 O 


M.P. 80-81° 

See 3 : 2662 under anhydrous product. 
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3:1975 1,8,6-TRICHLORO. Cl CioHsCU BeU.V.545 

NAPHTHALENE 

M.P. 80.5®-81® <1) <2) 

[For prepn. of C from 3,6-dichloronaphthaiene8iilfonyl chloride-1 (1), from 6-chloronaph- 
thalene-l,3-&i8-(8ulfonyl chloride) [Beil. XI-212] (2), from 3-chloronaphthalene-l,6-6i»- 
(sulfonyl chloride) [Beil. XI-2141 (2), from l-chloronaphthalene-3,6-6i5-(siilfonyl chloride) 
[Beil. XI-217] (3), or from l-nitronaphthalene-3,6-6t8-(siilfonyl chloride) [Beil. XI-218] 
(1) (3) <4), each with PCls as directed, see indie, refs.] 

(C treated with ClSOaH in CS2 and prod, converted to sodium salt yields <1) sodium 
l,3,6-trichloronaphthalenesulfonate-7 (corresp. sulfonyl chloride, m.p. 156® (1)).] 

8:1975 (1) Turner, Wynne, J. Chem. Soc. 1941, 247, 263, 266. (2) Armstrong, Wsmne, Chem. 

News 62, 164-166 (1890). (3) Armstrong, Wynne, Chem. News 71, 264 (1896). (4) Armstrong, 

Wynne, Proe. Chem. Soc. 1895, 81. 


3:1990 l,8-DICHLORONAPHTHOL-2 Cl CioHeOCla 

M.P. 80-81® (1) 

78® <2) 


Beil. VI - 649 
VIi— 
Vl2-(604) 


Ndls. from Igr.; eas. sol. ale., ether, AcOH, or CeHe (1). 

[For prepn. see Beil. VI-649 and (2),] 

0 in AcOH oxidized with cone. HNO3 (D = 1.42) yields mainly 3-chloronaphthoquinone- 
1,2 [Bed. VII-720], red ndls. from CHCI5, m.p. 172® (1). 

C in ale. boiled 15 hrs. with coppered Zn dust yields 3-chloronaphthol-2 (3:2545), m.p. 
93® (4); but C is not reduced by Na/Hg (3). 

[For study of reaction of C with alkali sulfites see (5).] 

(P l,8-Dichloro-2-naphthyl acetate: from C + AcCl; m.p. 79-80® (1). [Note that this 
m.p. is close to that of original C.] 


8:1990 (1) Zincke, Ber. 21, 3386-3387 (1888). (2) Fries, Schimmelschmidt, Ann. 484, 297 (1930). 

(3) Marschalk, BuU. soc. chim. (4) 43, 1361 (1928). (4) Herzberg, Spender, Schmid (to I.G.), 

Ger. 431,166, June 30, 1926; Cent. 19SNI, 1196 (1926). (6) Marschalk, BuU. soc. chim. (4) 45, 
661-662 (1929). 
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DIVISION A. SOLIDS 

(3:%000-3:2499) 

3:2000 1,1A3,3,S,M-0CTA- Cl a a Cl C 4 H:a 8 Beil. S.IT. 10 

CHLOROBBTANE 

ii <!a Ai ii 

M.P. 81“ (1) 

Colorless cryst. from ale. with odor resembling honey. 

[For formn. of C from 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (3:6750) by 
protracted action of ultra-violet light see (1); considerable amts, of dichloroacetic acid 
(3:6208), m.p. 10.85®, and small amts, of oxalic acid (1:0445) are also formed (1), and 
the solid stereoisomer (3:1945) of l,l,2,3,4,4-hexachlorobutene-2, m.p. 81® has also been 
reported (3) from the same reaction.] 

[An octachlorobutane of m.p. 75.0-76.0® obtd. (2) from trichloroethylene (3:5170) by 
actn. of F2 is not regarded <2) as having the structure of C.) 

3:2000 <1) Mailer, Luber, Ber. 66, 986-987 (1932). (2) Miller, J. Am, Chem. Soc. 62, 343 (1940). 
(3) Muller, HUther, Ber. 64, 599 (1931). 


3:2100 2,4,6-TIUCHLOROTOLUENE CH 3 CtH^CIs 



BeiL V - 290 
Vi.(152) 
V2.(232) 


M.P. 82.4® (1) B.P. 229-230® at 716 mm. <2) 

82® (2) (3) (4) 230® at 716 mm. (4) 

< 6 ) 

81-82® (8) (13) 

80-81® (6) 

White ndls. or Ifts. from ale. [For sepn. of C from 2,3,4-trichlorotoluene (3:0425) by 
sulfonation of latter under conditions not affecting C see (2) (7).) 

[For prepn. of C from 4,5-dichloro-2-aminotoluene [Beil. XII-837] (8), or from 4,6- 
dichloro^-aminotoluene [Beil. XIl-872] (8) (5), or from 2,5-dichloro-4-aminotoluene 
[Beil. XII-990] (3), via dizaotization and use of CU2CI2 reactn. see indie, refs.; from toluene 
+ AICI3 with SO2CI2 at 70® (40% C + 34% 2,3,4-trichlorotoluene (3:0425) (1)) see (I).) 

[For formn. of C (together with other products) from toluene with CI2 (9) in pres, of I2 
(10) or Mods (ll) or FeCla (11) on silica gel (4), or by electrolysis in HCl/AcOH soln. 
(12), see indie, refs.; from o-chlorotoluene (3:8245) or p-chlorotoluene (3:8287) with CI2 
in pres, of MoCU or FeCU see (2); from 2,4-dichlorotoluene (3:6290) in pres, of Al/Hg 

253 
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<13) or Fe <6> or from 3,4-diohlorotoluene (3:6355) in pres, of Al/Hg (13) see indie, refs.; 
from sodium p-toluenesulfonate with CI2 see (14).] 

[C with CI2 yields (15) 2,4,5-trichlorobenzal dichloride (3:6910) (together with other 
products).] 

C on mononitration, e.g., by soln. inHNOs {D = 1.52) yields (16) (2) (8) 2,4,5-trichloro- 
3-nitrotoluene [Beil. V-3:i3], ndls. from ale., m.p. 92° (2), 91-92° (8), 88.5-90.5° (17), 
88.5° (16) (note that the isomeric 2,4,5-trichloro-6-nitrotoluene (prepd. indirectly (18)) 
has m.p. 93-94° (18)); C on dinitration, e.g., on warming with a mixt. of HNO 3 (D = 1.5) 
-4“ cone. H2SO4, yields (16) (2) (8) 2,4,5-trichloro-3,6-^initrotoluene [Beil. V-346], ndls. 
from ale., m.p. 227° (1) (2), 226-227° (8), 226° u.c. (18), 225° (16). 

C on oxidn. with K2Cr207 + H2SO4 (19) or with dil. HNO3 in s.t. at 150° (8) (6) yields 
2,4,5-tricidorobenzoic acid (3:4630) q.v. 

8:2100 (1) Silberrad, J. Chem. Soc. 127 . 2681 (1925). (2) Seclig, Ann. 237 , 131, 140, 156 (1887). 

(3) Morgan, Drew, J. Chem. Soc. 117 , 789 (1920). (4) Firth, Smith, J. Chem. Soc. 1936 , 339. 

(6) Musante, I\isco, Gazz chim. ital. 66 , 645 (1936). (6) Feldman, Kopeliowatsch, Arch. Pharm. 

273 , 493-495 (1935). (7) Prentzcll, Ann. 296 , 181-182 (1S97). (8) Cohen, Dakin, J. Chem. 

Soc. 81 , 1332-1335 (1902). (9) Limpricht, Ann. 139 , 326 (1866). (10) Beilstein, Kuhlberg, 

Ann. 146 , 326 (1868). 

(11) Aronheim, Dietrich, Ber. 8 , 1405 (1875). (12) Fichter. Glantzstein, Btr. 49 , 2481-2487 

(1916). (13) Ref. 8, pp. 1340-1343. (14) British Dyestuffs Lds., Gicen, Chbbcn, Brit. 169,025, 

Oct. 13, 1921, Cent. 1922 , IV 376. (15) Leopold Casaella Co., Ger. 363,290, Nov. 6, 1922; Cent. 

1923 , II 482-483. (16) Schultz, Ann. 187 , 277, 280 (1877). (17) Qvist, Holmberg, Acta Acad. 

Aboenaia Math, et Phys. 6 , No. 14, 3-28 (1932), CerU. 1932 , II 2815 2816, C A. 27 , 5726-5727 
(1933). (18) Levy, Stephen, J. Chem. Soc. 1931 , 78. (19) Janmu»ch, Ann. 142 , 301 (1867). 

3:3115 6-CHLORO-2,3-DIMETHyL- Oil CsHoOCl Beil. VI — 
PHENOL (^CIl3 VIi— 

(5-Chloro-o-3-xylenol) Vl2-(454) 

Civ. y/CHa 


M.P. 82° (1) 

81 - 82 ° ( 2 ) 

Ndls. from hot It. pet. in which it is readily sol. hot but spar. sol. cold. — Volatile with 
steam. 

[For prepn. of C from 5-amino-2,3-dimethylphenol (5-amino o-.3-xylenol) [Beil. XIII 1- 
(244)] (3) via diazotization and use of CU2CI2 reaction (yield not stated) sec (2), for formn. 
of C from 4,5-dichloro-l,l-dimethylcyclohexen-5-one-3 on htg. see (1).] 

C with CI2 in It. pet. gives (2) 4,5,6-trichloro-2,3-dimethylphen()l (3:4742), m.p. 180- 
181°. 

The nitration of C has not been reported, and none of the products to be expected is 
known. 

6-Chloro-2,3-dimethylphenyl acetate: unreported. 

(p 6-Chloro-2,3-dimethylphenyl benzoate: pr. from ale., m p. 88° (2). 

3:2115 (1) Hinkel, J. Chem. Soc. 125 , 1852 (1924). (2) Hinkel, Collins, Ayling, J. Chem. Soc. 

123 , 2970-2971 (1923). (3) Crossley, J. Chem. Soc. 103 , 2181 (1913). 
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3:2125 l,2^TRICHLORONAPHTHALENE 


M.P. 82-83® (1) 
81® < 2 ) 
80.5° (1) 

(See text.) 



BeU.V.544 

Vi- 

V2- 


Pr. from ethor + ale. — The behavior of C on fusion is characteristic: if the fused C in 
a m.p. tube is allowed to cool to 68° and then withdrawn, it immediately solidifies to a 
translucent mass which on swift reimmersion into the bath shows m.p. 66-67® but if left 
for a few seconds in the air suddenly becomes opaque forming a cylinder of m.p. 82-83°, 
retracted from the wall of the capillary m.p. tube. This change (although slower) also 
occurs in the translucent form if cooled below 66° <1). 

[For prepn. of C from 1-chloronaphthalene tetrachloride [Beil. V-4931 with ale. NaOEt 
(61.6% yield (1)) (2) (3) see indie, refs.; from l,3-dichloronaphthol-2 (3:1990) by distn. 
with PCU see (2); from sodium l,2,3-trichloronaphthalenesulfonate-7 <1) by hydrolysis 
with superhtd. steam see (1).] 

[C treated with CISO3H in CS2 and reactn. prod. conv. to sodium salt as directed (1) 
gives mixt. of sodium l,2,3-trichloronaphthalencsulfonate-5 (corresp. sulfonyl chloride, 
m.p. 131°, corresp. sulfonamide, m.p. 249°) and sodium 1,2,3-trichloronaphthalenesulfonate- 
7 (corresp. sulfonyl chloride, m.p. 157°, corresp. sulfonamide, m.p. 245°) (I).) 

[C with 7 pts. fumg. II2SO4 (10% SO3) shaken 15 min. at 100° yields (1) 1,2,3-trichloro- 
naphthalene-5,7-disulfonic acid (corresp. 6is-(sulfonyl chloride), m.p. 184° (1)).] 

3:2125 (1) Turner, Wynne, J. Chem. Soc. 1941, 248-251. (2) Faust, Saame, Ann. 160, 71 (1871). 
(3) Armstrong, Wynne, Chem. News 61, 285 (1890). 


3:2145 


/»,d-DICHLORO-a-HYDROXyiSO- CH 3 C 4 H 6 O 3 CI 2 

BUTYRIC ACID I 

CI 2 CII — (J — COOH 




►H 


BeU. m - 317 

nii- 

m 2 -( 224 ) 


M.P. 82-83® (1) <2) Neut. Eq. 173 

Pr. from EtOH /ether (1). — Cannot be distd. without decompn. but sublimes. 

[For prepn. from /a,/S-dichloro.-a-hydroxyisobutyronitrile (addn. prod, from 
chloroacetone (3:5430) + HCN) [Beil. 1-317] by digestion with strong HCl at 100° see 
( 1)1 

The corresp. anilide has been prepd. indirectly by interaction of phenyl isocyanide with 
a,a-dichloroacetone (3:5430) in aq. (2); pr. from CHCI3, m.p. 132-133° (2). 

3:2145 (1) Bischo^, Ber. 8, 1334 (1875). (2) Passerini, Gazz. chim. ital. 54, 540 (1924). 
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3:2160 8-CHLOROBSNZOPHENONE 
(m^hlorophenyl phenyl 
ketone) 


M.P. 82-83^ <1) (6) 
82® <2) <3) 

81® (4) (6) 



CuH«Oa BeU. vn - 419 
vni.(227) 


Microscopic ndls. from ale. <1) <6) or n^PrOH (2); spar. sol. ale. (1), pet. ether (6), eas. 
sol. CeHe (6). 

[For prepn. from m-chlorobenzoyl chloride (3; 6590) + CeHe + AICI 3 (64.7% yield <2)) 
see (2) (1) (6) (5).] 

C on reduction with Na/Hg + ale. (100% yield (7)) or Al/Hg + 80% ale. <4) or boilg. 
ale. KOH (8) yields exclusively 3*chlorodiphenylcarbinol [Beil. VIi-(327)], m.p. 40® <7), 
39-40° (5), 38° (4). — C with Zn -f AcOH <7) or C in ale. on long exposure to sunlight (7) 
gives e2/m.>3,3'-dichlorobenzpinacol [Beil. VIi-(523)], cryst. from pet. eth., m.p. 137-138° 
{7h 135® (4). 

C fused for 3 hrs. at 200° with a mixt. of KOH + NaOH gives (3) BzOH (1:0715) (80% 
yield (3)) and a little (5% (3)) w-chlorobenzoic aend (3:4392), m.p. 158° (3), together with 
chlorobenzene (3:7903) from cleavage of most of the m-chlorobenzoic acid 
C with CHsMgl yields (2) l-(fn^hlorophenyl)-l-phenylethylene, oil, b.p. 152-153® at 
14 mm.J2). 

® 3-Chlorobenzophenone oxime: from C + NH 2 OH.HCI + alk.; the two stereoisomers 
are sepd. by fractnl. pptn. of their AcOH soln. with aq. (1). 
a-form (less-sol. isomer); cryst. pdr., m p. 132-133° (1). [With PCU in dry ether, fol- 
lowed by aq., this form yields 77i-chlorobenzanilide [Beil. XlI-267], cryst. from ale., 
m.p. 122-125° <1).] 

/9-/orw (more-sol. isomer); cryst. pdr., m.p. 106-106® <1). [With PCU in dry ether, 
followed by aq., this forms benz-m-chloroanilide [Beil. XII-605], ndls from ale., m.p. 
118® (1), accompanied by some m-clilorobenzanilide (see above) (1).] 

8:2160 (1) Hantzsch, Ber. 24 , 57-58 (1891). (2) Bergmann, Bondi, Bar 64 , 1477 (1931). (3) 

Lock, Rddiger, Ber. 72 , 867 (1939). (4) Cohen, BSeseken, Rec. trav. chim. 38, 115, 123 (1919). 

(6) Norris, Blake, J. Am. Chem. Soc. 50, 1812 (1928). (6) Koopal, Rec. trav. chim. 34, 163 (1915). 

(7) Ref. 6, pp. 160-161. (8) Montague, van Charante, Rec. trav. chxm. 31, 312 (1912) 


3:2170 y-CHLOROCROTONIC ACm C4H602a BeU. n-418 

(4-Chlorobuten-2-oic CH*— CH=CH.COOH ni— 

acid-1) X 

MJ>. 83° (1) B.P. 117-118° at 13 mm. <6) 

82° (2) 

81-82° <3) (4) 

White cryst., eas. sol. ether or AcOH, can be recrystallized from pet. ether (1) or from 
hot aq. (5). — C distils under reduced press, without decomposition (5). — Note that 
m.p. 76.7-77.5® first reported <6) was later <2) found to be erroneous and same sample 
had actually m.p. 81-82® (2). 
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Note that, although C is capable of existing in two geometrically isomeric forms, only 
this one is known; collateral evidence (but not actual proof) indicates that C probably 
represents the tram stereoisomer. 

[For prepn. of C from ethyl 7 -chlorocrotonate (3:8657) by hydrolysis with Ba(OH)s 
below 0® (60% yield ( 1 ) ( 6 )) (4), or less advantageously with 30% aq. KOH in ale, soln. at 
— 15° (40% yield (1)) <5) (note that 7 -chlorovinylacetic acid, m.p. 10° (1), is often obtd, 
(1) (4) as by-prod.); for formn. of C from / 3 - 7 -dichloro-n-butyric acid [Beil. 11-280] with 
KOH (poor yield (5)), from <rans- 7 -hydroxycrotonic acid [^il. III-3761 with SOCI 2 in 
pyridine (2), or from methyl a-chloro-a-vinylacetate by hydrolysis (3) (7) (presumably 
as a result of allylic transposition of a-chloro-a-vinylacetic acid under the influence of 
alkali) see indie, refs.] 

C dissolved in excess aq. 1 N NaOH and shaken with H 2 in pres, of Pd /activated carbon 
is readily dehalogenated giving (95% yield (1)) crotonic acid (1:0425); with sufficient H 2 
this prod, ultimately reduces to 7i-but3rric acid (1 : 1035). 

[C by cat. hydroxylation with BaClOa/osmic acid gives ( 3 rields: 75% (6), 78% (9)) 
<Areo-7-chloro-a,/3-djhydroxy-n-butyric acid, m.p. 100° (9); this prod, with silver oxide as 
directed replaces Cl by OH giving (59% yield (6)) d,Z-threonic acid, m.p. 98° (6).l 

C adds Br 2 (1 mole) yielding <3) 7 -chloro-a,j 8 -dibromo-n-butyric acid, cryst. from cyclo- 
hexane, m.p. 119-120° (3). 

C with Nal in dry acetone ppts. NaCl and gives ( 86 % yield (1)) 7 -iodocrotonic acid, 
yel. ndls. from Igr., m.p. 108-108.5° (1). 

[C on neutralization with NH4OH and htg. with (NH4)2S03 at 50° for 12 hrs. gives (4) 
7 -eulfocrotonic acid, very hygroscopic cryst., m.p. 94-96°.] 

The acid chloride corresponding to C is unreported. 

Methyl 7 -chlorocrotonate: unreported. 

Ethyl 7 -chlorocrotonate: b.p. 191-193° at 760 mm. (5) (see 3:8657). 

7 -Chlorocrotonaxnide: cryst. from hot aq., m.p. 135.5-136° (8), 130-132® (5). 

[Reported only by partial hydrolysis of 7 -chlorocrotononitrile (5) ( 8 ).] 

7 -Chlorocrotonanilide: unreported. 

3:2170 (1) Braun, J, Am. Chem. Soc. 62 , 3167-3176 (1930). (2) Rambaud, BvU. soc. ckim, 
(5) 1 , 1340 (1934). (3) Rambaud, BvU. soc. chim. (5) 1 , 1348 fl934). (4) Backer, Benninga, 

Rec. trav. chim. 65, 610 (1936). (6) Lespieau, Bull. soc. chim. (3) 83 , 466-467 (1905). (6) Glatt- 

feld, Rietz, J. Am. Chem. Soc. 62 , 976 (1940). <7) Rambaud, Compt. rend. 197 , 769 (1933). 

<8) Berthet, BuU. acad. roy. Bdg., Classe sd. 27 , 212-228 (1941); Cent. 1942 , I 2115-2116; C.A. 
87 , 3400 (1943). (9) Braun, J. Am. Chem. Soc. 62 , 3176-3185 (1930). 


3:2174 2,4,6-TRICHLORORESORCINOL 


M.P. 83® <1) (2) (3) <4) 



BeU.Vl-820 

VIi- 

VI 2 — 


Colorless cryst. from hot aq. <2). — C is spar. sol. cold aq. ; eas. sol. ale., ether. C sublimes 
but with appreciable decompn. 

[For prepn. of C from resorcinol (l,3-dihydroxyben2ene) (1 : 1530) with CI 2 in aq. <4), 
AcOH (3) (2), or CHClg (2), or with SO 2 CI 2 (excess) <4) or with dichlorourea <1), see inffic. 
refs.] 

[For formn. of C from 2,4,4,6,6-pentachlorocyclohexen-l-dione-3,5 C pcntachlorore- 
sorcinol ”) [Beil. VII-572, VIIi-(323)] by reduction with sulfite <2) <5) or SnCl 2 <2) see 
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indie, refs.; from 2,2,4,4,5,6,6-heptachiorocyclohcxanedione-l,3 (“ heptachlorodihydro- 
resorcinol ”) [Beil. VII-5651 by similar reduction see (6).] 

[C on oxidn. with alk. K 3 Fe(CN )6 gives (7) a ycl. prod., m.p. 60®.] 

C in not too dilute aq. soln. with FeCla gives on warming a wine-red color (4). 

2,4,6-Trichlororesorcinol dimethyl ether: unreported. [A prod, of m.p. 174® 

which may have this structure has been reported by indirect means (8).] 

2,4,6-Trichlororesorcinol diethyl ether: unreported. 

(® 2,4,6-Trichlororesorcinol diacetate: cryst. from ale., m.p. 116° (2). 

(p 2,4,6-Trichlororesorcinol dibenzoate: pr. from ale , m.p. 133° (4). [From C with 
BzCl on htg. (4).] 

6:2174 <1) Likhosherstov, J. Gm. Chem. (V.S S.R.) 3. 164-171 (1933); Cent. 1934, I 1876; 
C.A. 28, 1675 (10.34). (2) Ziiickc, Rabinowitsch, Ber. 23, 3776-3777 (1890). (3) Benedikt, 

Monaish, 4, 224-226 (1883) . (4) Reinhard, J. prakt. Chem (2) 17, -336-341 (1878). (5) Claasen, 

Ber. 11, 1441 (1878). (6) Zincke, Rabinowitsch, Ber. 24, 913 (1891). (7) Stenhouse, Groves, 

Ber, 13,1307 (1880). (8) Oiaihician, Silber, Ber. 24. 2979-2980 (1891). 

3:2178 2,3,6-TRICHLOROBENZAL (DI)- Cl C 7 II 3 CI 6 Beil. S.N. 466 

CHLORIDE / \CHCI 2 

(2,3,6-Trichlorobenzylidene (di)- 
chloride) 

M.P. 83° (1) B.P. 145-150° at 12 mm. (1) 

Colorless ndls. from MeOH. 

[For prepn. of C (81% yield) from 2,3,6-trichlorobenzaldchyde (3 *2287) with PCU see 

(D.l 

Note that C depresses the m.p. (86 -87°) of the corresp. aldehyde (3:2287). 

[For study of rate of hydrolysis of C see <1) ] 

3:2178 (1) Asinger, Lock, Monatsh. 62, 338 (1933) 

3:2180 4-CHLORO-2,6-DIMETHyL 
PHENOL 

(5-Chloro-m-2-xylenol) 


M.P. 83° (1) 

[For prepn. of C from 4-chloro-2,6-dimethylphenol (t;tc-?M-xylenol) (1 : 1425) by chlorina- 
tion with SO 2 CI 2 in AcOH (100% yield) sec (1) ] 

[For study of bactericidal action of C see (1) ] 

4-Chloro-2,6-dimethylphenyl acetate: unreported. 

4-Chloro-2,6-dimethylphenyl benzoate: unreported. 

3:2180 (1) Heicken, Angew. Chem. 52, 264-265 (1939). 


OH CgHgOCl Beh. S.N. 529 



3:2182 2,4-DICHLORO-3,6-DIMETHYL- 
PHENOL 

(2,4-Dichloro-w-5-xylenol ) 


C8H8OCI2 


Beil. VI— 
VIi- 
Vl2-(464) 


M.P. 83° (1) 
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Cryst. from Igr. 

(For prepn. of C from 4-chloro-3,5-dimethylphenol (2-chloro-m-5-xylenol) (3:3505) by 
chlorination with AT-chloroacetamide see (1).] 

The nitration of C has not been reported, and the expected 5-nitro-2,4-dichloro-3,5- 
dimethylphenol is unknown. 

[For conversion of C to various ethers sec (1) ] , 

(g) 2,4>Dichloro-3,6-dimethylpheiiol methyl ether: m.p. 82° (1). 

© 2,4-Dichloro-3,6>dimethylphenol ethyl ether: m.p. 53° (1). 

® 2,4-Dichloro-3,6-dimethylphenyl p-nitrobenzyl ether: m.p. 157° (1). 

3:2182 (1) Jones, J. Chem. Soc. 1941, 275. 

C 6 II 3 OCI 3 BeU. VI — 
VIi~ 
Vl2-(179) 


Ndls. from pet. eth. (1) (3). — Volatile with steam (1). — Ionization const, at 25° is 
2.5 X 10~® (6); C is too weakly acidic to be titrated (1) although sol. in alk. 

[For prepn. from 1 ,2,3-tri(!hlorobenzene (3:0990) via nitration, reduction, and use of 
diazo reaction see (1) (4); from barium 3-chlorophcnol-6-sulfonate by htg with 80% 
H2SO4 sec (3); by chlorination of 3,4-dichlorophenol see (2) ] 

C treated with Br2/aq. in excess yields on pptn. with more aij. 6-bromo-2,3,4-trichloro- 
phenol, pi. from It. pet., m.p. 84-85° <5). 

C treated with (€113)2804 + aq. NaOH yields the methyl ether, 2,3,4-trichloroanisole, 
pr. from ale., m.p. 69.5° (3). 

(© 2,3,4-Trichlorophenyl benzoate: m p. 143° (2); 141° (4). 

3:2185 (1) Tiessens, liec. irav, clam. 60, 112-113 (1931), (2) Groves, Turner, Sharp, J. Chem. 

Soc. 1929, 523. (3) Hodgson, Kershaw, J. Chem. Soc. 1930, 1421. (4) Hollenian, Rec. trav. 

chzm. 39, 743 (1920). (5) Fox, Turner, J. Chem. Soc. 1930, 1863. (6) Tiessena, Rec. trav. chim. 

48, 1006-1068 (1929). 

3:2192 3,6-DICHLOROCATECHOL OH C6H4O2CI2 BeU. VI - 783 

(3,5-Dichloropyrocatechol) /^OH VIi — 

ciljci ^ 

M.P. 83-84° (1) 

Colorless cryst. — Very eas. sol. hot, spar. sol. cold, aq. 

[For prepn. of C from 3,5-<iichloro-2-hydroxybenzaldehyde (3,5-diGlilorosalicylaldehyde) 
(3 : 2637) with H2O2 in alk. soln. see (1 ).] 

C reduces NH40H/AgN03 <1). 

C with FeCb gives green color turning violet on addn. of NaHCOa (1). 

3,6-Dichloropyrocatechol diacetate: unreported. 

3,6-Dichlorop3rrocatechol dibenzoate: unreported. 

3:2192 (1) Dakin, Am. Chem. J. 42, 488-489 (1909). 


3:2185 2,3,4-TRICHLOROPHENOL OH 



M.P. 83.6° (1) <6) 

80-81° (2) 
79° (3) 
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3:2205 TEREPHTHAtYL (DI)CHLORIDE C 8 H 4 O 2 CI 2 

(Terephthaloyl dichloride) 


83-84° (1) 

B.P. 263-266° 


(2> 

82° (2) (3) 

263° 


{6> 

80.4° (4) 

259° U.C. 


<8) 

70-80° (5) (29) 

258-269° 


(7> 

78° (6) 

162° 

at 23 mm. 

(3) 

77-78° (7) 

140.0-141° 

at 16 mm. 

(4) 

77° (8) 

141° 

at 11 mm. 

{3> 


135-160° 

at 10 mm. 

(29) 



Beil. IX - 844 
IXi-(376) 


Ndls. or Ifts. from Igr. (1). — Vapors of C are lachrymatory and attack mucous mem- 
branes <5). 

[For prepn. of C from terephthalic acid (1:0910) with PCU (96% yield (29) ) (9) (10) (15), 
with PCU + POCI 3 (yield: 90% (2), 85-90% (7), 83% (5)) (4) (18), with SOCI 2 + pyridine 
(aim. quant, yield (11)) or SOCI 2 + AICI 3 , SnCU, or SbCU (3) (SOCI 2 alone fails), with 
acetyl chloride in s.t. at 130° (1), or with benzotrichloride -f- ZnCl 2 (12) (13) see indie, 
refs.; for prepn. of C from l,4-6ia-(trichloromethyl)benzene [Beil. V-385] by partial catalytic 
hydrolysis see (14) cf. (30). — Note that the half acid chloride, p-carboxybenzoyl chloride, 
m.p. above 300°, ndls. from CsHe, is known (1); its presence may account for the numerous 
recorded low m.p.^s.] 

C with excess MeOH yields (9) (15) (cf. also 1:0910) dimethyl terephthalate (1:2550), 
m.p. 140-141°; C with excess EtOH yields (15) (16) (cf. also 1 :0910) diethyl terephthalate 
(1:2106), m.p. 44°; C with excess phenol (1:1420) yields (6) diphenyl terephthalate, ndls. 
from ale., m.p. 191° (6). 

[C on cat. hydrogenation in xylene with Pd cat. as specified (17) (18) gives (81% yield 
(17)) terephthaldialdehyde [Beil. VII-675, VIIi-(364)l, m.p. 115-116° (dioxime, m.p. 
200°; 5w-(phenylhydrazone), m.p. 278° dec. (17), 6i8-(p-nitrophenylhydrazone), m.p. 281° 
dec. (17)).] 

[C vdth AICI 3 + benzene yields (19) (20) 1,4-dibenzoylbenzene (terephthalophenone) 
[Bed. VII-829, VIIi-(444)], m.p. 159-160° (20) (dioxime, m.p. 235° (20), monoxime, m.p. 
212-213° (19)); for corresp. reactn. of C with AICI 3 4- toluene see (21) (29).] 

[C treated with dry HBr at 150-160° for 30 hrs. gives aim. quant. (22) tercphthalyl 
dibromide, pr. from pet. eth., m.p. 84-85° (22).] 

[For reactions of C with various cpds. (mainly aminoanthraquinone derivs. ) giving vat 
dyes or intermediates for the prepn. of vat dyes, see (23) (24) (25) (26) (27) (28).] 

C on hydrolysis yields terephthalic acid (1:0910) q.v. 

8:2265 (1) liebermann, Kardos, Ber. 46 , 211-212 (1913). (2) Bogert, Nisson, Proc. Natl. 
Acad. Sci. 10 , 423 (1924). (3) I.G., French 810,596, March 24, 1937; CerU. 1937 , I 5047; C.A. 

82 , 592 (1938). (4) Kohlrausch, Pongratz, Stockmair, MoTuxtsh. 67 , 110 (1935). (5) Berend, 

Herms, J. prakt. Chem. (2) 74 , 123-124 (1906). (6) Schroder, Ber. 7 , 707 (1874). (7) Looher, 

BvU. soc. chim. (3) 11 , 927 (1894). (8) Berger, Ber. 16 , 1743 (1877). (9) de la Rue, Muller, 

Ann. 121 , 90 (1862). (10) Cohen, de Pennington, J. Chem. Soc. 113 , 61-62 (1918). 

(11) Carrfe, Libermann, Compi. rend. 199 , 1423 (1934). (12) Hopff (to I.G.), Ger. 680,182, 

Aug. 24, 1939; Cent. 1939 , II 3488; C.A. 86 , 1951 (1942). (13) I.G., Brit. 455,668, Nov. 19, 1936; 
Cent. 1937 , 1 2025; C.A. 31 , 1824 (1937). (14) I.G., French 820,697, Nov. 16, 1937; Cent. 1988 , 
1 1661 ; C.A. 32 , 3422 (1938). (15) Schwanert, Ann. 132 , 268-269 (1864). (16) Perkin, J. Chem. 

Soc. 69 , 1178 (1896). (17) Bosenmund. Zetsche, Ber. 54 , 2890-2892 (1921). (18) Froschl, Maier, 
Monatah. 59 , 274 (1932). (19) Noelting. Kohn, Ber. 19 , 147 (1886). (20) MUnchmeyer, Ber. 
19 , 1847-1848 (1886). 
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(21) Connerade, BvU. aoc. chim, Belg. 46 , 144-167 (1931). {22) Davies, Hambly, Semxnens, 
/. Chem. Soc. 1933 , 1313. (23) Soc. Chem. Ind. Baael, Swiss 203,953. July 1. 1939; C.A. 36 , 

2731 (1941). (24) I.G., French 819,778. Oct. 26, 1937; Cent. 1938 , 1 1226; C.A. 32 , 3162 (1938). 

(25) Gubelmann, Murphy (to du Pont Co.), U.S. 1,913,383, June 13, 1933; Cent. 1933 , II 1267; 
Brit. 418,455, Nov. 22, 1934; Cent. 1936 , I 1775. (26) Kacer (to Badische Anilin- und Soda- 

Fabrik), Ger. 424,030, Jan. 21, 1926; Cent. 1926 , I 2849. (27) Kacer (to I.G.), Ger. 439,614, 

Feb. 1, 1927; Cent. 1927 , 1 2366. (28) B. A. & S. F., U.S. 1,469,536, June 19. 1923; Brit. 204.249, 

Oct. 18, 1923; Ger. 384,674. Nov. 8, 1923; Swiss 101,169, Sept. 1, 1923; Cent. 1924 , 1 1449. (29) 
Koelsch. Bryan, J. Am. Chem. Soc. 67 , 2041-2042 (1946). (30) I.G., Ger. 708,149, June 6, 1941; 

C.A. 37 , 2746 (1943). 


3 : 2Z12 2,3,4.TRICHLOROB£NZAL 
(DI)CHLORIDE 
(2,3,4-Trichlorobenzylidene 
(di)chloride) 

M.P. 84*’ (1) B.P. 275-285** (1) 

Oyst. from Igr. 

[For prepn. of C from 2,3,4-trichlorotoluene (3:0425) at its b.p. with CI2 see (1); for 
formn. in small amt. from trichloroethylene (3:5170) at 700° see (2).] 

C with fumg. H2SO4 as directed (1) (2) hydrolyzes to 2,3,4-trichlorobenzaldehyde 
(3:2445), m.p. 90-91°. 

3:2212 (1) SeeUg, Ann. 237 , 146-147, 149-160 (1887). (2) Nicodemus, J. prakt. Chem. (2) 
83 , 319 (1911). 


Cl<^^ ^HCl2 

O Cl 


C7H8CI5 


Beil. V - 303 
Vi-(153) 
V 2 - 


3:2216 2,5-DICHLORO-3,4. 

DIMETHYLPHENOL 
(3,6-Dichloro-o-4-xylenol ) 


M.P. 84° (1) 



CsHgOCb 


BeU. VI — 
VIi— 
Vl2-(456) 


Ndls. for It. pet. — Volatile with steam. 

[For prepn. of C from 2,5-dichloro-3,4-dimethylaniline (3,6-dichloro-o-4-xylidine) (2) 
via diazotization and hydrolysis (yield not stated) see (l).l 
The nitration of C has not been reported, and the expected 6-nitro-2,5>dichloro-3,4- 
dimethylphenol is unknown. 

2,6-Dichloro-3,4-dimethylphe]iyl acetate: unreported. 

(p 2,6-Dichloro-3,4-dimethylpheiiyl benzoate: m.p. 124° (1). 

3:2216 (1) Hinkel, Ayling, Bevan, J, Chem. Soc. 1928 , 2533. (2) Hinkel, Ayling, Bevan, J. 

Chem. Soc. 1928 , 1878. 


3:2218 4-CHLORO-2,3-DIMETHyLPHENOL OH CsHgOCl Beil. VI — 
(6-Chloro-o-3-xylenol) VIi — 

UcH. 

M.P. 84.5° (1) (2) 

Ndls. from It. pet. — Sol. in most org. solvents except It. pet. — Volatile with steam. 
[For prepn. of C from 4-amino-2,3-<limethylphenol (6-amino-o-3-xylenol) (1) via diasotiza- 
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tion and use of CU2CI2 reaction (1), or from 4-chloro-2,3-dimethylamline (6-chloro-o-3- 
xylidine) fl) via diazotization and hydrolysis (70% yield (1)), see indie, refs.] 

[For studies of bactericidal action of C see (2) (3) (4).j 

C with CI2 in It. pet. does not (1) give a trichloro derivative but is decomposed. 

The nitration of C has not been reported and neither of the corresp. mononitro derivs. 
nor the dinitro deriv. is known. 

4-Chloro-2,3-dimethylphenyl acetate: unreported. 

© 4-Chloro-2,3-dimethylphenyl benzoate: m.p. 102® (1). 

3:2218 (1) Hinkel, Collins, Ayling, J. Chem. Soc. 123, 2971-2972 (1923). (2) Heicken, Angew, 

Chem. 62f 263-265 (1939). (3) Lockemann, Kunzniunn, Angew. Chem. 46, 296-301 (1933). 

(4) Lockemann, Heicken, Zentr. Bakt., Parasitenk. I Abt., Orig. 146, 61-71 (1939), C.A. 34, 
2534 (1940). 

3:2220 1,2,8-TRICHLORONAPHTHALENE Cl Cl CioHsClg Beil.V-545 

00 “ 

M.P. 84® (1) 

83® (2) 

Ndls. from ale. 

[For prepn. of C from 8-chloro-l-nitronaphthalenesulfonic acid-2 [Beil Xl-187] (3), from 

7.8- dichloronaphthol-l (3:2635) (2), or from 1,2-dichloronaphthalcnesulfonyl chloride-8 
[Beil. XI-164] (1), each with PCU, see indie, refs.) 

[C treated with CISO3H in CS2 and prod. conv. to potassium salt yields (1) potassium 

1.2.8- trichloronaphthalenesulfonatc-X (corresp. sulfonyl chloride, m.p. 105® (1)).] 

3:2220 (1) Turner, Wynne, J. Chem. Soc. 1941, 247, 252. (2) Armstrong, Wynne, Chem. News 
71, 253 (1895). (3) Cleve, Chem. Ztg. 17, 398 (1893). 


3 : 2240 /3-CHLOROACRYLIC ACID 

H.C.Cl 

ii.Acooh 

CM 

M.P. trans 85-86“ <1) 

84^86° (2) 

M.P. eis 63-64° (1) 


CsHiOjCl 

C1.C.H 
H C.CX)OII 

ft ana 


Beil, n - 400 
ni-(i86) 

n2- 


[For prepn. of mixt. of eis and tram forms of C from propiolic acid (acetylenecarboxylic 
acid) [Beil. 11-477, IIi-(208), Il2-(449)] by htg with cone HCl (yield: as 34%, trans 18% 
(1)) (3) (the cis is sopd. from tram by means of the lesser soly. in ale. of its potassium salt 
<!)). see indie, refs.; for prepn. of tram C from /3-chloropropionic acid (3:0460) by loss of 
HCl on passing its vapor over BaCl2 at 280-300® see (4); from ethyl /3,j8-dichloropropionate 
with 3 moles ale. KOH see (5); from chloralide (3:3510) in ale. by protracted treatment 
with Zn + HCl see {2) (5).] 

The cis isomer of C on htg. in a s.t. at 125® for 15 hrs. is partially conv. (1) to the tram 
isomer. 

C (both forms) readily reduces KMn04 in the cold (1). 

[C on htg. with 5 pts. 40% HCl in s.t. at 80-85° for 35-40 hrs. yields (5) a,^-dichloro- 
propionic acid (3:0855), m.p. 56® (5).l 

[C on esterification with EtOH yields ethyl /3-chloroacrylate, b.p. 143-145® (2), 146° (6).l 
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8:2240 (1) Barker, Beute, Rec. trm. chim. Si, 167-170 (1936). (2) Wailach, Ann. 108, 28-34 

(1878). (3) Bandrowski, Ber. IS, 2702 (1882). (■!) I.G., FrcncJi 697,311, Jan. IS, 1931; Cent. 

mi, I 2934. (5) Otto, Ann. 239, 261-272 (1887). (6) Pinner, Bisclioff, ^»». 179, 88 (1876). 

3:2265 a,/l-DICHLOROACRYLIC ACID CsHsOsClj BeU. n - 401 

CH=C— COOH ni-(186) 

ii ii 

M.P. 85-86° (1) (2) (3) (5) (6) (7) Neut. Eq. 141 
87-88° (4) 

Monoclinic <5) pr. (from CHCI3 (5)); cryst. from pet. eth. (4) or CS2 (7). — Eas. sol. 
aq., ale., ether (2) (4), CHCI3 (2); spar. sol. in cold (1) but eas. sol. in hot CeHe, CS2 or pet. 
eth. (2). — Rapidly volatilizes in air <2) or on warming (4) — May be purified by melting 
with a little aq. (2). 

Although two goom. isomers are possible only one is known. 

[For prepn. from various sources see Beil. 11-401, Beil. IIi-(186), and (3).] 

Salts; AgA, pptd. in fine ndls. from even dil. aq. solns. of C on addn. of AgNO^; can be 
recrystd. from hot aq. (1) J2) (4) (6); Ag content = 43.54%; BaA2.H20, sol. in 16 pts. 
cold aq. <1) <2) (4) (6); CaA2.3H20, extremely sol. aq., loses cryst. aq. at 80° (1) (2); KA, 
(juite sol. even in cold aq. but may h6 obtained in long slender anhyd. ndls. from cone, 
solns. (1) (2). 

C in CHCI3 docs not add Br2 <2), but C on htg. (in s.t.) with 1 mole Br2 at 100° gives (9) 
a,/3-dibromo-a,/3-dicliloropropionic ac. [Beil. 11-259], pr. from CS2 or CHCI3, m.p. 94-96° 

( 9 >: 

C is not decomposed by excess boil. Ba (011)2 (7). 

C with thionyl chloride yields (7) a,/?-dichlo’-oacrylyl chloride, b.p. 145-146°, nJJ =» 
1 .5288, which is only slowly hydrolyzed by aq. but which on cautious addn. to cone. NH4OH 
yields a,/3-dichloroacrylamide, cryst. from dil. ale , m.p. 134° (7), 132° (10). 

3:2»65 (1) Bennett, Hill, Ber. 12, 055 057 (1879). (2) Hill, Am. Chem J. 3, 167-172 (1881/2). 

(3) Klebaiihky, Wolkerustein, Orlowa, J. prakt Chim. 145, 12-13 (1930). (4) Zincke, Ber. 24, 

918 (1891). ( 5 ) Melville, Ain Chern. J. 4, 174-176 (1882/3). (6) Ciamician, Silber, Ber. 16, 

2392 (1883). (7) Piin-s, J. jrrakt. Chem. (2) 89, 420 (1914). (S) Prins, Rec. trav. chim. 56, 780- 

781 (1937). (9) Hill, Maherry, Brr 14, 1679-1680 (1881); Am. Chem. J. 4. 267-270 (1882/3). 

(10) Prins, Ger. 261,689, July 2, 1913, Cent. 1913, II 394. 


3:3280 3-CHLORO-2-METHYLPHENOL 
(3-Chloro-o-cresol ) 

M.P. 86° (1) (2) (3) B.P. 325° (2) 


on C7H7OCI Beil. VI- 359 



Long white ndls. (from aq.) (1). — Volatile with steam (2). 

[For prepn. (75-86% yield) from 3-c‘hloro-2-methylaiiiline [Beil. XII-836] see (1) (2); 
from 3-hydroxy-2-methylanilinc [Beil. XIII-579] (45-50% yield) see (1).] 

C on nitration (1) in AcOH with 100% HNO3 at -f 10° yields mixt. of equal amts, of 
two mononitration products; 6-nitro-3-chloro-2-methylphenol [Beil. VI-366], volatile with 
steam, yel. cryst. from ale., m.p. 64.5° (1), and 4-nitro-3-chloro-2-methylphenol [Beil. VI- 
367], not volatile with steam, cryst. from aq., m.p. 135° (1). 

• C on nitration (4) with 3 pts. HNO3 (Z> = 1.48) at 0° gives a dinitro compd., 4,6-dinitro- 
3-chloro-2-methylphenol, long yel. ndls. from dil. ale., m.p. 82-83° (4); acetyl’ deriv., m.p. 
95° (4). 
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C in alk. soln. coupled with diazotized p-nitroaniline yields (1) 3-chloro-2-methyl-6- 
(p-nitrobenzene-azo-)phenol [Beil. XVI-1321, cryst. from 50% ale., m.p. 230®. 

C in 3 pts. 20% NaOH shaken with 1 pt. {CH8)2S04, distilled with steam, gives 3-chloro-2- 
methylanisole [Beil. VI-369], b.p. 213.5® (2). 

3:2280 (1) Noelting, Ber. 37, 1019-1021 (1904). (2) UUmann, Panchaud, Ann. 360, 112-113 

(1906). (3) Zincke, Ann. 417, 207 (1918). (4) Zincke. Ann. 417, 234-236 (1918). 


iCl 


3:2285 2,6-DICHLOROBENZOPHENONE 
(2,6-Dichlorophenyl phenyl 
ketone) 


II 0=0 



C13H8OCI2 


Beil. S.N. 652 


M.P. 86® (1) 


CJolorless cryst. (from ale. (1)). 

C does not react with the usual ketone reagents (1). 

e fused for 3 hrs. at 200® with a mixt. of KOH + NaOH gives (1) BzOH (1 : 0715) (96% 
3neld) and m-dichlorobenzene (3:5960). 

3:2286 (1) Lock, Rodiger, Ber. 72, 869 (1939). 


3:2287 2,3,6-TiaCHLOROBENZALDEHYDE C7H3OCI3 Beil. VH - 238 

Cl vni— 

<( ycno 

ci Cl 

M.P. 86-87® (1) 

86® (2) <3) 

Colorless ndls. from Igr. 

[For prepn. of C from 3-amino-2,6-dichlorobenzaldehyde by diazotization and use of 
CU2CI2 reaction see (1) (2).] 

C with PCU gives (81% yield (4)) 2,3,6-trichlorobenzal (di)chloride (3:2178), m.p. 83®; 
note that this prod, depresses m.p. of C. 

C with 50% aq. KOH at 100® for 5 hrs. under N2 undergoes cleavage of the aldehyde 
group giving (88% yield (3)) 1,2,4-trichlorobenzene (3:6420) and the corresp. potassium 
formate. 

C with anhydrous NaOAc + AC2O on htg. (Perkin synthesis) gives (64-68% yield <5)) 

2.3.6- trichlorocinnamic acid, cryst. from AcOH, m.p. 189®. 

[C with MeMgl in dry ether, followed by usual hydrolysis, gives (85% yield (2)) methyl- 

2. 3. 6- trichlorophenyl-carbinol, m.p. 87-88®, b.p. 149-155® at 11 mm. (corresp. benzoate, 
m.p. 106.5®).] 

2,3,6-Trichlorobenzaldoxime: unreported. 

2,8,6-Trichlorobenzaldehyde phenylhydrazone: unreported. 

2,3,6-Trichlorobenzaldehyde ^-nitrophenylhydrazone: unreported. 

2,3,6-Trichlorobenzaldehyde 2,4-dinitrophenylhydrazone: unreported. 

3:2287 (l)Geigy and'Co., Ger. 199,943, July 4, 1908; Cent. 1908, II 363-364; C.A. 2, 3000 (1908)*. 
(2) Lock, B5ck, Ber. 70, 924 (1937) . (3) Lock, Ber. 66, 1531 (1933). (4) Asinger, Lock, Monatsh, 

62, 338 (1933). (5) B6ck, Look, Schmidt. Monateh. 64, 408 (1934). 
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3:2290 PBNTACHLOROBENZENE 



CcHas 


M.P. 87® (1) (2) B.P. 275-277® (10) 

80-87® (3) (4) 

86® (4) (5) (6) (7) (17) 

85-86® (8) (9) (10) 

85® (11) (12) (13) 

84-85® (14) 

84® (15) (16) 


BeU. V - 205 
Vx-(113) 
V2-(157) 


Long colorless ndls. from ale.; volatile with steam; sublimes readily. — Almost insol. 
cold ale., apprec. sol. boilg. ale.; eas. sol. ether, CeHe, CHCI 3 , CCI 4 , or CS^; spar. sol. cone. 
HNO 3 . 

(For prepn. of C from nonachlorobenzophenone-o-carboxylic acid [o-(pentachloro- 
benzoyl)-tetrachlorobenzoic acid] [Beil. Xi-(358)] by htg. with 10 pts. cone. H 2 SO 4 at 
200-250® for ^ hr. (simplest prepn. of pure C) see ( 12 ); for formn. of C from 2, 3, 4 , 5 , 6 - 
pentachloroacetophenone ( 6 ) or 2,3,4,5,6-pentachlorobenzophenone ( 11 ) by KOH/NaOH 
fusion see indie, refs.; from 2,3,4,5,6-pentachlorobenzaldehyde (3:4892) (2) by htg. with 
50% aq. KOH 5 hrs. at 100® ( 88 % yield) sec (2).] 

(For prepn. of C from 2,3,5,6-tetrachloroaniline (7) via diazotization and use of CU 2 CI 2 
reactn. see (7>; from 2,3,5-trichloro-p-phenylenediamine via tetrazotization in AcOH with 
nitrosylsulfuric acid and use of CU 2 CI 2 reactn. (80% yield) see (3).] 

(For formn. of C from benzene with CI 2 (7), or CI 2 + cat. (20), or CI 2 in pres, of I 2 (18), 
or AICI 3 (19) see indie, refs.; from chlorobenzene with CI 2 + Cu at 200® see (21); from 1,3,6- 
trichlorobenzene (3:1400) with CI 2 *f Al/Hg see (17); from all three tetrachlorobenzenes 
with CI 2 + Al/Hg see (17); from 1,2,4,5-tetrachlorobenzene (3:4115) in SOCI 2 or CCI 4 
with SO 2 CI 2 H- AICI 3 -f S 2 CI 2 see (8) (note that under these circumstances p-dichloro- 
benzene (3:0980) gives a mixt. of tetra and hexachlorobenzenes (8) (22)); from lower 
chlorinated derivs. of benzene by htg. with FeCls see (5); from diphenyl sulfone with CI 2 
in sunlight followed by treat, with ale. KOH see (13) (23); from tetrachlorobenzyl chloride 
with CI 2 see (16); from acet-iV-nitro-2,3,5,6-tetrachloroanilme on htg. in toluene or from 
parent base on attempted acetylation see (15); from tricblcroethylene (3:6170) at 700® 
see (9); from iodopentachlorobenzene with MeOH/NaOH see (1).] 

[For formn. of C from various chlorine addition products derived from o-dichlorobenzene 
(3:6055) (4), ?n-dichlorobenzene (3:5960) (4), p-dichlorobenzene (3:0980) (4), 1,2,4,5- 
tetrachlorobenzene (3:4115) (24), and even C itself (25) see indie, refs.] 

(C with liq. CI 2 in s.t. in sunlight adds 2 CI 2 with considerable sluggishness yielding 
(26) (25) a mixt. of two stereoisomeric noiiachlorocyclohexenes.] 

(C with fumg. H 2 SO 4 gives on protracted htg. (27) a red dyestuff, sol. in alk. with deep 
red color.] 

(C with N /2 NaOMe in MeOH in s.t. at 180® for 7^ hrs. gives (7) 2,3,5,6-tetrachloro- 
phenol, m.p. 115® (7) (benzoate, m.p. 136® (28)), accompanied by a small amt. 2,3,4,5- 
tetrachlorophenol, itself not obtd. pure but yielding (28) a benzoate of m.p. 110® (28). — 
(For further study of actn. of MeOH/NaOH on C see (29) (30).] 

C on nitration, e.g., with 7-8 wt. pts. HNO 3 {D = 1.52) at 100® for 1 hr. (7), gives (7) 
(9) (18) (31) pentachloronitrobenzene [Beil, y-247], ndls. from ale., tbls. from CS 2 , m.p. 
146® (9) (18) (31), 143® (7); note that since C is spar. sol. in cone. HNOs any unchanged 
material may separate with the crude prod. (31), — (This pentachloronitrobenzene with 
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JV/10 NaOMe in MeOH boiled for 8 hrs. loses NO 2 instead of Cl yielding (31) methyl 
pentachlorophenyl ether (pentanhloroanisole), m.p. 104-105® (31); cf. also under pcnta- 
chlorophenol (3:4850).] 

3:^3290 (1) van der Linden, Rec. trav. chim. 55, 285 (1936). (2) Lock, Ber. 66, 1533 (1933). 

(3) Schoutissen, J. Am. Cheni. Soc. 55, 4539-4540 (1933). (4> van der Linden, Ber. 45, 411- 

418 (1912). (5) Thomas, Compt. rend 126, 1212 (1898). (6) Lock, Bock, Ber. 76, 925 (1937). 

(7) Holleman, van der Hoeven, Rec. trav. chtm. 39, 745-746, 749 (1920). (8) Silberrad, J . Chem. 

Soc. 121, 1020-1021 (1922). (9) Nicodemus, J. prakt. Chem. (2) 83, 319 (1911). (10) Laden- 

burg, Ann. 172, 344 (1874). 

(11) Lock, Rodiger, Ber. 72, 870 (1939). (12) Eckert, Steiner, MonatHh. 36, 183 (1915); 

Ber. 47, 2629 (1914). (13) Otto, Ann. 154, 185 (1870). (14) Dadicu, Pongratz, Kohlrausch, 

Monatsh. 61, 434 (1932). (15) Peters, Rowe, Stead, J. Chem. Soc. 1943, 372. (16) Beilstein, 

Kuhlberg, Ann. 152, 247-248 (1869). (17) Cohen, Hartley, J. Chem. Soc. 87, 1366 (1905), 

(18) Jungfleisch, Ann. chtm. (4) 15, 283-287 (1868). (19) Mouneyrat, Pouret, Compt. rend. 

127, 1028 (1898). (20) Moose, Malowan (to Swann Research, Inc.), U.S. 2,010,495, Aug. 6, 

1935; Cent. 1936, 2984; C.A. 29, 6330 (1935). 

(21) Tei, Komatsu, Mem. Coll. Set. Kyoto Imp. Univ. A-10, 325-330 (1927); Cent. 1928, I 
2370. (22) Roberts and Co., & Silberrad, Brit. 193,200, March 15, 1923, Cent. 1925, I 904. 

(23) Otto, Ostrop, Ann. 141, 107-108 (1867). (24) van der Linden, Rec. trav. chtm. 56, 425- 

427 (1936). (25) van der Linden, Rec. trav chim. 55, 569-570 (1936). (26) van der Linden, 

Rec. trav. chtm. 55, 322 (1936). (27) Istrati. Bull. soc. chtm. (2) 48, 36-^1 (1887). (28) Holle- 
man, Rec. trav. chim. 40, 318 319 (1921). (29) de Crauw, Rfc trav. chtm 50, 787 (1931). (30) 

van der Linden, Rec. trav. chim. 57, 787 (1938). 

(31) Berckmans, Holleman. Rec. trav. chtm. 44, 857-858 (1925). 


3:2295 PENTACHLOROBENZOYL 
CHLORIDE 


M.P. 87® (1) 


Cl Cl C 7 OCI 6 



BeU. S.N. 938 


Colorless this, from hot ale. 

[For prepn. of C from uns 2 /w.-tetrachlorophthalyl (di)chl()ride (3,3A,‘'),6,7-hexachloroph- 
thalide) [Beil. XVIIIi- (484)1 on htg. at 3(X)® in pros, of CI 2 see (1) ] 

C during protracted htg loses CO yielding (1) hexachlorobenzene (3:40,39) (this type 
of decompn. is generally facilitated by AICI 3 although in this case this aspect has not been 
reported). 

C with MeOH on refluxing for 30 hrs. gives (1) methyl pentachlorobenzoate m.p. 97° 
(1); note that esterification is slow and that C can be recrystallizcd from EtOH without 
change. 

C on hydrolysis with ah’. KOH, followed by acidification, yields (1) pentachlorobenzoic 
acid (3:4910). 

3:2295 (1) Kirpal, Kunze, Ber. 62, 21C4-2105 (1929). 


3:2300 TRICHLOROPARALDEHYDE C 6 H 9 O 3 CI 3 

(Chloroacetaldehyde trimer; 

2,4,6-<m-(chloromethyl)- CICH 2 — CH HC— CH 2 CI 

trioxane-1 ,3,5) ^ i 

\c/ 


h. 


iHsa 


BeU. XIX - 386 
XIXi-(807) 


M.P. 87-87.5” cot. <1) 


B.P. 14B-144° at 10 mm. (2) 
140° at 10 mm. <I) 



267 


SOLIDS 


3:2300-3:2340 


Colorless ndls. from ether; insol. aq., spar. sol. cold ale., eas. sol. hot ale. or in ether. 

[For prepn. of C from chloroacetaldehyde (3:7212) (or its hydrate) with ^ vol. cold 
cone. H2SO4 see (1) (3) (4).] 

C on distn. at ord. press. (1) (2) (3) (4) depolymerizes to monomeric chloroacetaldehyde 
(3:7212), b.p. 85°. 

3:2300 (1) Natterer, Monatah. 3 , 469-464 (1882). <2) Spath. Momitsh. 36 , 6-7 (1915). (3) 

Helferich, Speidel.iier. 54 , 2634-2635 (1921). (4) Lespieau, Bull. soc. chim. (4) 43 , 200-201 (1928). 


3:2325 1,2,7-TRICHLORONAPHTHALENE Cl CioHjCla Beil.V-545 

Cl/V^Cl Vi.(263) 

uu 

M.P. 88° also 84° (1) (2) 

(See Text ) 

C shows the double m.p. behavior indicated also for several of its isomers, e.g., 1,2,3- 
isomer (3:2125), 1,2,5-isomer (3:1930), 1,3,8-isomcr (3:2420), 1,4,6-isomer (3:1625). 

[For prepn. of C from l-chloro-7-sulfonaphthylamine-2 [Beil. XIV-7651 via diazotization 
and use of CU2CI2 rcactn. see <1) (2); from 1,2-dichloronaphthalenesulfonyl chloride-2 
[Beil. XI-184] (2) (3), from l-chloro-7-nitronaphthalenesulfonyl chloride-2 [Beil. XI-188] 
(4), from 2-c;hloro-l-nitronaphthalene.sulfonyl chloride-2 [Beil. XI-189] (5) (2), or from 
l-chloronaphthalene-2,7-/ns-(sulfonyl chloride) [Beil. XI-217] (2), each with PCI5 as 
directed, sec indie, refs.) 

[C treated with CIHO3H in CS2 and rcactn. prod. conv. to sodium salt as directed (1) 
yields sodium 1,2,7-trichloronaphthalcnesulfonate-X (corresp. sulfonyl chloride, m.p. 
176° <1)).] 

3:2335 (1) Turner, Wynne, J. Chem. Soc. 1941 , 247, 252. (2) Armstrong, Wynne, Chem. News 
71 , 253-254 (1895). ( 3 ) Aimhtrong, Wynne, Chem. News 59 , 189 (1889). (4) Cleve, Chem. 

Ztg. 17 , 398 (1893). (5) Cleve, Ber. 35 , 2486-2487 (1892). 


3:3340 2,6-DICHLOROBENZOPHENONE 

(2,5-Dichlorophenyl phenyl 

ketone) Cli 


CisHsOClz BeU.S.N.653 


C=0 


M.P. 88° (1) (3) 

85-86° (2) 

Cryst. (from ale. (1)). — C does not form a NaHSOs cpd. (1). 

[For prepn. (20% yield (1)) from p-dichlorobenzene (3:0980) -f BzCl (3:6240) -p 
AICI3 see (1) (2).] 

C fused for 3 hrs. at 200° with a mixt. of KOH -|- NaOH gives (3) p-dichlorobenzene 
(3:0980) (65% yield (3)) and BzOH (1:0715) (91% yield (3)). 

C on oxidn. with KMn04 soln. yields (1) 2,5-dichlorobenzoic ac. (3:4340), m.p. 150° (1). 

® 2,6-Dichlorobeiizophenoiie oxime: from C in ale. on htg. with NH2OH.HCI d- BaCOs 
for 3 days (10% yield (1)); m.p. 135° (on rapid htg.), 207° (on slow htg.) (1). [This 
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oxime upon Beckmann rearr. with 10 pts. cone. H 2 SO 4 at 100® for 1 hr. gives benz- 
2,4-dichloroanilide, m.p. 122® <1).] 

8:2346 (1) de Crauw, Rec, trav. chim. 50, 767-768 (1931). (2) Ganzmldler. J. prakL Chem. 188, 

311-312 (1933). (3) Lock, Rddiger. Ber. 72, 869 (1939). 

O 

3:8360 2A6,6,6,6-HEXACHLORO- 0/^1* CeOrfa, Bdl.Vn-674 

CYCLOHEXENE-2-DIONE.l,4 qI W Vni— 


M.P. 89° <1) B.P. 275-886° dec. (1) 

86-87° (2) 188-185° at 46-60 mm. (1) 

Cryst. (from ether /pet. ether). — Lachrymatory odor. — Eas. volatile with steam; on 
distn. at atm. press, dec. into chloranil (3:4978) and CI 2 . — Eas. sol. ether, CHCI 3 ; fairly 
eas. sol. ale., CeHe, Igr.; insol. aq. 

[For prepn. from chloranil (3:4978) by treatment with Mn02 + cone. HCl in s.t. for 
10 hrs. at 180® see (1); from p-aminophenol hydrochloride in AcOH on treatment with 
CI 2 see <l).l 

[For use of C as fungicide see (3).] 

C with KI in AcOH yields (1) cUoranil (3:4978). — C on reduction with SnCl 2 yields 
(1) tetrachlorohydroquinone (3:4941). 

C on shaking with 10% aq. NaOH slowly dissolves with decompn. into dichloromaleic 
acid, trichloroethylene, and HCl (1). 

® 3,6,6,6,6-Pentachlorocyclohexanetrione>l,2,4-anil-2 [Beil. XII-212]: in aim. 1(X)% 
yield from C (1 pt.) in AcOH (5 pts.) htd. )/^-% hr. at 100® with aniline (1 pt.), then 
cooling; red cryst., m.p. 144 <1). [This prod, is stable to cone. HCl but on stdg. with 
6-8 pts. 10% aq. NaOH reacts suddenly with evoln. of ht. and odor of carbylamine; 
after dilution and filtration, acidification of the filtrate ppts. l-phenyl-3,6,6-trichloro- 
pyridone-4-carboxylic acid-2 [Beil. XXII-298], m.p. 245” dec. <1).] 

8:2360 <1) Zincke, Fuchs, Ann. 267, 15-24 (1892). (2) Theilacker, Ber. 71, 2069 (1938). (3) 

Ladd (to U.S. Rubber Co.), U.S. 2,362.666. Nov. 14. 1944; C.A. 39, 2832 (1946). 

O 

C8H20sa2 Beil. XVU - 483 

xvni— 

M.P. 89® (1) (2) 

[8ee also S^d-dichlorophthalic acid (3:4680).] 

Ndls. from Igr.; eas. sol. ether, CeHe, CHCle. 

[For prepn. from 3,5-dichlorophthalic acid (3:4580) by htg. alone (2), or with AcCl (1), 
see indie, refs.; from 3,5-disulfophthalic anhydride (2) with SOCI 2 in s.t. 11 hrs. at 1^® 
see (2).] 


3:2375 


3,6-DICHLOROPHTHALIC 

ANHYDRIDE 




jD 


"6 
\c/ 



SOLIDS 


3:2375o3:2395 


C htd. with resorcinol + a drop of cone. H2S04, then dislvd. in alk. and diluted, gives 
brilliant greenish fluorescence (1). 

[C with hydroquinone (1 : 1690) + AICI3 4* NaCl htd. at 200-220® for 40 min. gives 
<3) 6,7-dichloro-l,4-dihydroxyanthraquinone (6,7-dichloroquinizarin), red ndls. from 
xylene, m.p. 231-232® (3).] 

[C with steam passed over cat. at 380-420® loses CO2 presumably yielding (4) 2,4-di- 
chlorobenzoic acid (3:4560) and/or 3,5-dichlorobenzoic acid (3:4840).! 

0 on melting and treatment with dry NH 3 gas yields (1) 3,5-dichiorophthalimide [Beil. 
XXI-5041, yel. ndls. from hot ale., m.p. 208° (1); C on htg. with 1 mole aniline until evoln. 
of gas stops gives (1) 3,5-dichlorophthalanil [Beil. XXI-504], yel. ndls. from ale., m.p. 
150.0-150.5® (1). 

C is insol. in cold aq. but hydrolyzes on boilg.; C on sapon. with standard alk. (Sap. Eq. =* 
108.5) followed by acidifn. yields 3,5-dichlorophthalic acid (3:4840) q.v. 

3:2375 (1) Crosaley, LeSueur, J. Chem. Soc. 81 , 1636-1537 (1902). (2) Waldmann, Schwenk, 

Ann. 487 , 293-294 (1931). (3) Waldmann, J. prakL Chem. (2) 130 , 99-100 (1931). (4) Jaeger 

(to Selden Co.). U.S. 1.964.516, June 26. 1934; Cent. 1934 , II 3047. 


3 : 2395 tin^j^m.-o-PHTHALYL 
DICHLORIDE 

(wnsj/m.-o-Phthaloyl dichloride; 
3,3-dichlorophthalide ) 



C8H4O2CI2 


[See also synt.^o-phthalyl dichloride (3:6900).] 


Beil. IX - 805 

XVni-(162) 


M.P. 89® (1) 

88-89® <2) 

88.5® <3) (5) 

87-89® (4) 

84® (6) 

Prisms from CeHe (2), cryst. from pet eth. (b.p. 20-50®) (4). — C is much less reactive 
but far more lachrymatory (7) than syw.-o-phthalyl dichlorlde (3:6900). — The m.p. of 
C is not sharp because of beginning of conversion to sym. isomer (4) (5), and C shows pro- 
gressive change of density when kept at 90® for 1 hr. (5). — C on distillation is converted 
to the sym. isomer and therefore shows b.p. of the latter; this change is accelerated by 
presence of AlCla or SnCU (1) (2) or by HCl. — C should therefore be preserved in a desic- 
cator over soda-lime (2). — For f.p. /compn. diagram of C with its sym. isomer see (3); 
the eutectic has m.p. +8® and conts 23% C. 

[For prepn. of C from sj/m.-o-phthalyl dichloride by htg. with Aids at 100® for 8-10 hrs. 
(72% yield) see (4).] 

0 in anhydrous formic acid reacts below 40® evolving HCl -|- CO (7) (the sym. isomer 
reacts much more readily, even below 25® (7)). 

C on ahaking at 0® with 10 vols. 7% aq. NH4OH followed by acidification yields <1) <7) 
o-cyanobenzoic acid [Beil. IX-814, IXj,- (366)1, m.p. 190® dec., converted by htg. to phthali- 
mide, m.p. 228.5® u.c. pExactly this same result is obtd. with the sym. isomer. 1 

(For studies of rate of reactn. of C with MeOH or with aniline see <2) <8).l 

[For differentiation of C from its sym. isomer by use of piperidinium iV-piperidyldithio- 
c^bamate (from piperidine + aq. + CS2) see (6) (7).] 


Df 1.3320 (6) 
Df = 1.351 (5) 
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S:299S <1} Scheiber, Ber. 46, 2368-2369 (1913). (2) Ott, Ann. 392, 273-276 (1912). (3) 

Ceanyi, Monatsh. 40, 81-92 (1919). (4) Ott, Org, Syntheses, Coll. Vol. 2 (1st ed.), 628-530 (1943); 

11, 88-91 (1931). (6) Garner, Siigden, J. Chem. Soc. 1927, 2878. (6) von Braun, Kaiser, Ber. 

56, 1307-1310 (1922). <7) von Auwers, Ber. 60, 2128-2129 (1927). (8> Dann, Davies, Hambly, 

Paul, SemmeuB, J. Chem. Sot. 1933, 15-21. 

3:24%0 1,3,8-TIUCHLORONAPHTHALENE Cl Cl 

ca 

M.P. 89.5° (1) 

89° (2) 

84° (1) 

85° (2) 

{See text.) 

Ndls. from ale. in which it is eas. sol — Note that C (like certain of its isomers) shows 
a peculiar characteristic; if the fus(.‘d C in a m.p. tube is allowed to cool and withdrawn it 
solidifies to a translucent form w'hich on immediate reheating shows m.p. 84-85° but if 
left for a time is conv to an opaque mass which on htg. shows m.p. 89°. 

[For prepn. of C from l-chloronaphthalcne-3,8-6/,s-(sulfonyl chloride) [Beil. XI-214] 
with PCU see (1) (3); from l-nitronaphthalene [Beil. V-553, Vr(264)] with CI2 see (4) (2) ] 
[C treated with CISG3H in CS2 and prod. conv. to sodium salt yields (1) sodium 1,3,8- 
trichloronaphthalenesulfonate-5 (corresp. sulfonyl chloride, m.p. 127° (1)).] 

3:2420 (1) Turner, Wynne, J. Chem. Soc. 1941, 247, 2.‘>4. (2) Armstrong, Wynne, Chem. News 

71, 255 (1895). (3) Armstrong, Wynne, Chem. News 61, 94 (1890). (4) Atterbcrg, Ber. 9, 

926 (1876). 

3:2435 1,8-DICHLORONAPHTHALENE Cl Cl CioHeClz Beil. V - 544 

M.P. 89.0-89.5° (1) 

88.5- 89° (2) 

88.5° (8) 

88° (3) (4) 

84-85° (7) 

83° (5) 

82.5- 83.5° (11) 

82° (10) 

Cryst. from ale. or hexane. — Volatile with steam. 

[For prepn. of C from 1,8-diaminonaphthalene [Beil. XIlI-205, XIIIi-(54)] via tetrazotiz- 
ation and htg. with CU2CI2 (59% yield) see (1); from 8-chloronaphthylamine-l [Beil. 
XlI-1256] via diazotization and use of CU2CI2 reactn. (52% yield (7)) (2) (6) see indie, refs.; 
from 1,8-dinitronaphthalene [Beil. V-559, Vi-(265)] with PCIb see (5) (11); from 8-chloro- 
naphthalcnesulfonyl chloride-1 [Beil. XI-1621 by htg. at 200-230° as long as SO2 is evolved 
see (4); from 4,5-dichloronaphthalenesulfonic acid-1 [Beil. XI-162] by hydrolytic cleavage 
of — SO3H group at 230° see (9) (3); from K salt of 4,5-dichloronaphthalenesulfonic acid-2 
[Beil. XI-1821 by htg. with 1% H2SO4 or 50% H3PO4 in s.t. at 290° see (9).] 


CioHbCIs 


Beil. V - 545 

Vi— 

V2-~ 
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3:2436-3:2440 


C htd. with HCl in s.t. at 250-290° rearranges (9) to l,5Klichloronaphthalene (3:3200), 
m.p. 107°. 

[C in CS 2 treated with CISO 3 H yields ( 10 ) 1,8-dichloronaphthalenesulfonic acid*4 (Beil. 
XI-1621 (corresp. sulfonyl chloride, m.p. 114° (10), corresp. sulfonamide, m.p. 228° (10)).] 

3:2435 (1) Hampson, Weisslierger, .7. Chem. Soc. 1936 , 394. (2) Weissberger, Sdngewald, 

Hampson, Trans. Faraday Soc. 30 , 890 (1934). (3) Cleve, Chem. Ztg. 17 , 398 (1893). (4) 

Armstrong, Wynne, Chem. News 71 , 255 (1895). (5) Atterberg, Ber. 9 , 1732 (1876). (6) Atter- 

berg, Ber. 10 , 548 (1877). (7) Bergniami, Hirshberg, J. Chem. Soc. 1936 , 334. (8) KroU- 

pfeiffor, Ann. 430 , 198 (1923). (9) Armstrong, Wynne, Chem. News 76 , 69-70 (1897). (10) 

Armstrong, Wynne, Chem. News 61 , 273-274 (1890). 

(11) Woroshtzow, Koslow, Ber. 69 , 413 (1930). 


3 : 2438 l,l-DICHLORO-2,2-Ws- 
(p-CHLOROPHENYL)- 
ETHYLENE 

M.P. 89° (1) 

88-89° (2) 

86-87° (3) 


Cl 


Cl 


'Ox 


C-:CCl2 


CidUCU 


Beil. S.N. 480 


Colorless cryst. from ale. 

[Forprepn of C from l,l,l-tri(•hloro-2,2>5^.s-(/>-chloroplK*nyl)cth^lne (“ DDT”) (3:3298) 
by climmation of 1 HCl with ale KOli under reflux (1) for 10 hrs. (3) or 15-20 min. (4) 
(yields: almost 100% (4), 81% (3)) (for study of rate see (5)), or by htg. at 110-120° with 
a trace of FeCls or AICI 3 (2), see indie, refs.; forprepn. of C from l,l,l,2-tetrachloro-2,2-6is- 
(p-chlorophcnyl)ethane (3.2477) by elimination of two adjacent chlorine atoms with Zn 
dust in boilg. aba. ale refluxed 8 lira. (66% yield) see (3) ] 

C on oxidn. with Cr(J) 3 /AcOH refluxed 4 hrs. giv(‘s (100% yield (3)) 4,4'-dichlorobenzo- 
phenone (3:4270), m.p. 144° (3). 

C in boilg. CHCI 3 contg. a little PCI 3 with CI 2 for 3 hrs. (but without special radiation) 
adds 1 mole halogen giving (70% yield (3)) l,l,l,2-tctraehloro-2,2-6is-(p-ehlorophenyl)- 
ethane (3:2477), m.p. 91-92° (3). 

C with KOH in ethylene glycol refluxed 10-12 hrs. gives (almost 100% yield (4)) 4,4^- 
dichlorodiphenylmcthane (3* 10.57) m.p. 55°; but note that C with excess Ba(OH)2.8H20 
in ethylene glycol refluxed 10-12 hrs. (4) or C with ;dc KOH in s t at 150-160° for 24 
hrs. (7) gives (yields’ 57% (7), .33% (4)) di-(/>K4ilorophenyl) acetic acid (3:4612), m.p. 
166.0-166 5° u.c. (4), 163-164° (7), this acid undoubtedly being the precursor which by 
loss of CO 2 with the above KOH gives the indicated prod. 

C with anhydrous AICI3 in large excess CeHc does Jiot (6) give 1,1,2,2-tetraphenylethane 
(dif. from “ DDT ” (3:, 3298) q v ) 

3:2438 (1) Zeidler, Ber. 7 , 1181 (1874). (2) Fleck, Haller. J. Am. Chem. Soc. 66 , 2095 (1944). 

( 3 ) Grummitt, Buck, Jenkins, J. Am. Chem. Soc. 67 , 1.55-156 (1945). (4) White, Sweeney, 

U.S. Pub. Health Rcpls. 60 , 66-71 (1945). (5) Brand, Busse-Sundermann, Ber 76 , 1828 (1942). 

(6) Fleck, Haller, J. Am. Chem. Soc. 67 , 1420 (1945). (7) Giummitt, Buck, Stearns, J. Am, 

Chem. Soc. 67 , 156 (1945). 


3:2440 3,4,6-TRICHLOROBENZALDE- 
HYDE 


Cl 


C7H3OCI3 



Beil. S.N. 635 


M.P. 90-91° (1) 
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Colorless ndls. from ale. — Somewhat sol. boilg. aq.; volatile with steam. — Eas. sol. 
in hot ale.; also in ether, acetone, CeHe, or CHCI 3 ; fairly sol. pet ether. 

(For prepn. of C from 4-amino^,5-dichlorobenzaldehyde (1) by diazotization and use 
of Cu 2 Cl 2 reaction (yield of crude C 80%) see (1).] 

C on oxidn. with alk. KMn 04 gives (1) 3,4,5-trichlorobenzoic acid (3:4920), m.p. 210®. 
C on mononitration, with abs. HNO 3 in cold, gives (86% yield crude (1)) 2-nitro-3,4,6- 
trichlorobenzaldehyde, m.p. 118.5-119® (corresp. phenylhydrazone, m.p. 229® dec.; corresp. 
p-nitrophenylhydrazone, m.p. 293-294® dec.; corresp. semicarbazone, m.p. 27S-279® dec.). 

3)4,5-Trichlorobenzaldozime: unreported. 

® 8,4,6-Trichlorobenzaldehyde phenylhydrazone: m.p. 147® (1). 

3,4,6-Trichlorobenzaldehyde p-nitrophenylhydrazone: orange ndls. from nitro- 
benzene, m.p. 342® dec. (1). 

® 3,4,6-Tricfalorobenzaldehyde semicarbazone: cryst. from ale., m.p. 252-254® (rap. 
htg.), but after fusion resolidifies and remelts at 284-285® (1). 

3:2440 (l) Van de Bunt, Rec, trav. chim. 48, 131-137 (1929). 


3:2442 6,6-DICHLORO-2,3- 
DIMETHYLPHENOL 
(4,5-Dichloro-o-3-xylenol ) 

M.P. 90® (1) 

(95® (2)] 



C8H8OCI2 


Befi. VI — 
VIi— 
Vl2-(454) 


Cryst. from It. pet. — Volatile with steam. 

[For prepn. of C from 5,6-dichloro-2,3-dimethylaniiine (4,6-dichloro-o-3-xylidine) (3) 
via diazotization and hydrolysis (yield not stated) see <1>; for formn. of C from 4,5,6-tri- 
chloro-l,l-dimethylcyclohexen-4-one-3 with quinoline at 170® for 30 min. (yield not stated) 
8ee_(2).] 

C with CI 2 in CHCls does not give the expected 4,5,6-trichloro-2,3-dimethylphenol 
(3:4742) but instead <2) a tetrachloro deriv. (apparently containing a chlorinated methyl 
group), m.p. 127.5® (2). 

The nitration of C has not been reported, and the expected 4-nitro-5,6-dichloro-2,3- 
dimethylphenol is unknown. 

6,6-Dichloro-2,3-dimethylphenyl acetate: unreported. 

® 6, 6-Dichloro-2,3-dimethylphenyl benzoate: m.p. 133® (1), 128® (2). 

3:2442 (1) Hinkel, Ayling, Bevan, J. Chem. Soc. 1928, 2533. (2) Hinkel, J. Chem, Soe. 123, 

1850-1851 (1924). (3) Hinkel, AyUng, Bevan, J. Chem. Soc. 1928, 1876-1877. 


3:2445 2,3,4-TRICHLOROBENZALDE- C 7 H 3 OCI 8 

HYDE Cl<( ^HO 

0^1 

M.P. 91® (1) 

90® (2) 


Beil.Vn-238 

VUi- 


Ndls. from ale. 

(For prepn. of C from 2,3,4-trichlorobenzal (di)chloride (3:2212) in 58% yield by 
hydrolysis with fumg. H2SO4 as directed see (2).] 

C on oxidn. with KMn 04 gives (1) 2,3,4-trichlorobenzoic acid (3:4810), m.p. 186-187®. 
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C with anhydr. NaOAc + AC2O on htg. (Perkin synthesiB) gives <2) 2,3,4-trichloro- 
cinnamic acid [Beil. IX-^97], m.p. IBS'*. 

2,3|4-Trichlorobenzaldoxizne: unreported. 

2,3,4-Trichlorobenzaldehyde phenylhydrazone: unreported. 

2,3,4-Tricblorobenzaldehyde j^-nitrophenylhydrazonfr: unreported. 

2^,4-Triclilorobenzaldehyde 2,4-dinitrophenylhydrazone: unreported. 

8:2445 (1) Nicodemus, prakt. Chem. (2) 88, 319 (1911). <2) SeeUg, Ann. 237, 149-151 (1887). 

3:2455 2,3,6-TRICHLORONAPHTHALENE CioHsCla BeU. V - 546 

V2.(446) 

M.P. 91® (1) 

90.5-91® (2) ' 

[For prepn. of C from 3,6-dichloronaphthalenesulfonyl chloride-2 [Beil. Xl-182] (1) <2), 
from 3-chloronaphthalene-2,7-Ws-(sulfonyl chloride) [Beil. XI-217] (1) (3), or from 3- 
chloronaphthalene-2,6-bw-(sulfonyl chloride) [Beil. XI-216] (4), all with PCL, see indie, 
refs. cf. (6).] 

[For study of oxidn. of C with CrOa/AcOH see (5).] 

[C with CISO3H in CS2 followed by conv. to salts yields a mixt. (1) derived from 2,3,6- 
trichloronaphthalenesulfonic acid-8 (corresp. sulfonyl chloride, m.p. 118® (1)), and from 
2,3,6-trichloronaphthalenesulfonic acid-X (corresp. sulfonyl chloride, m.p. 94® (1)).) 

3:2455 (1) Turner, Wynne, J. Chem. Soc. 1941, 247, 256-257. (2) Armstrong, Wynne, Chem. 

News 61, 275 (1890). (3) Armstrong, Wynne, Chem. News 61, 92 (1890). (4) Armstrong, 

Wynne, Chem. News 62. 163 (1890). (5) Claus, Schmidt, Ber. 19, 3177-3179 (1886). <6) 
Fransen, Stauble, J. prakt. Chem. (2) 163, 356, 377 (1921/22). 


3 : 2460 6-CHLORO-2,4-DIM£THYLPHENOL 
(6-Chloro-m-4-xylenol ) 


M.P. 90-91® (1) (2) 


OH CgHsOCl 



BeU. VI - 488 
VIi-(242) 
Vl2~ 


Ndls. from Igr. or aq. — Sol. hot aq. and most organic solvents. — Volatile with steam. 
[For prepn. of C from 5-chloro-2,4-dimethylaniline [Beil. XII 1- (486)] via diazotization 
and hydrolysis see (1); for formn. of C from 2,4-dimethylquinol (m-xyloquinol) [Beil. 
VIII-22, VIIIi-(514)] by action of HCl (1) (2) in AcOH at 0® <1) (note that some of the 
isomeric 6-chloro-2,4-dimethylphenol (3:8784) is also formed) see indie, refs.] 

The nitration of C has not been reported, and none of its mononitro- or dinitro-derivativea 
is known. 

C in ale. soln. with FeCla gives a deep olive-green color becoming blue on dUution with 
aq. or reddish brown on htg. <1). 

6-Chloro-2,4-dimethylpheayl acetate: unreported. 

(P 6-Chloro-24-dimethylphenyl benzoate: m.p. 84.5-85.5® (1). [From C with bencoyl 
chloride + aq. NaOH (1).] 

6-Chloro-2,4-dimethylphenyl ^-nitrobenzoate: unreported. 

6-Cliloro-2y4-dimethylphenyl iV-phenylcarbamate: unreported. 

8:2460 (1) Bamberger, Reber, Ber. 46, 793-803 (1913). <2) Bamberger, Reber, Ber. 40 , 2268 
(1907). 
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3:2470 4-CHLOROCATECHOL 

(4-Chloropy rocatechol ) 



C 6 H 6 O 2 CI Beil. VI -783 
VIi-(389) 
Vl2-(787) 


M.P. 90-91® (1) <2) B.P. 139-139.5® at 10.6 mm. (1) 

88° (3) 136-136.5® at 8.6 mm. (1) 

80-81® (4) 

{See also text.) 

Anhydrous C exists in two forms melting at 90-91° and 59-61° (1); after fusion of the 
higher-melting form the resolidified C melts 59-61® <1). 

C can be recrystd. from Celle, CHCI3 from which it separates in scaly Ifts., or from CS2 
from which it separates in prisms. — C cryst. from ord. ether as hemihydrate, C.3^H20, 
which loses its aq. upon distn. in vac. (1). — C is cas. sol. aq., ale , ether, AcOII, or acetone; 
spar. sol. Igr. (1). 

[For prepn. of C from catechol (1 : 1520) by action of S()Cl2 seci (3) (5) (1) (4); for prepn. 
from 5-chloro-2-hydroxybenzal(lehyde (3:2800) + alk H2O2 see (6); for prepn. from o- 
benzoquinone [Beil. VII-600] by actn. of dry IICl in CIICI3 see (7) 1 

C with FeCU gives scarab-green color, which on addii. of Na2C03 becomes dark red, 
or with NaOAc turns blue (1). 

C in AcOH treated with xanthydrol (1:5205) soon ppts. 4-chloro-5-xanth3'^drylcatechol, 
cryst. from CeHe, m p. 224® (block) (8). 

[For reaction with boric ac. see (2); for use in prepn. of dyestuffs see (9); for oxidn. with 
Ag20 ill abs. ether to 4-chlorobcnzoquinone-l,2 see (1).] 

® 4-Chlorocatechol dibenzoate: from C + BzCl in pyridine; ndls. (from ether), m.p. 

96-97° (1). 


3:2470 (1) Willstatter, Miiller, Ber. 44, 2182-2184 (1911) (2) Boc.sekcn, Mijs, Rcc. 44, 758- 

760 (1925). (3) Frejka, Safranek, Zik, CoUechon Czechodon Chim ('onnnun 9, 245 (1937). 

(4) Peratoner, Gazz. chim, %tal. 28, 1 222 (1898). (5) Uiede, Muhhoth, Bir. 63, 1932 1933 (1930). 

(6) Dakin, Am. Chem. J. 42, 488 (1909). (7) Jackson, Koch, Aw, Clitm. J, 26, 28-30 (1901). 

(8) Fabre, Ann. chim. (9) 18, 114-115 (1922). (9) Lchinanii (to I.CJ.), Goi. 048,713, Aug. 6, 

1937; Cent. 1938, I 187. 


3:2475 l,l-DI-(p-CHLOROPHENYL)- 
ETHYLEHE 


C14II10CI2 


Beil. S.N. 480 


M.P. 91° 

85-87° 


( 1 ) 

( 2 ) 


acy 


C=CH2 


Colorless cryst. from MeOH contg. some CgHe (1). 

[For prepn. of C from di-(p-chlorophenyl)-methyl-carbinol (itself prepared from 4,4'- 
dichlorobenzophenone (3:4270) with MeMgl) by dehydration see (1) (2) ] 

C on cat. hydrogenation gives (62% yield (4)) l,l-di-(p-chlorophenyl)ethane (.3:0995), 
m.p. 54-55°. 

C with PCU in CeH® stood 24 hrs. then poured into aq. gives (61% yield (1)) i8,/3-6is- 
(p-chlorophenyl)vinyl-phosphinic acid, (C1.C6H4.)2C = CH.PO.(OH)2, cryst. from AcOH, 
m.p. 158-159° (1). 
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C with O 3 in CCI 4 soln. in acetone /solid CO 2 cooling bath, subsequently decomposed 
with H 2 O 2 , gives (2) p-chlorobenzoic acid (3:4940), oxalic acid (1:0445), 4,4'-dichloro- 
benzophenonc (3:4270), and a little 4,4'-dichlorobenzophenone peroxide, cryst. from 
acetone, m.p. 217.5-218.5° (2). 

[For behavior of C with CeHe + AlCL (3 moles) in reverse Friedel-Crafts reaction see 
(3).] 

3:2475 (1) Bcrgmann, Bondi, Ber. 64, 1470 (1931). (2) Marvel, Nichols, J. Org, Chem. 6, 301 

(1941) (3) Alexander, Cheni. Age 36, 50 (1937) ; Cent. 1937, 1 4086; not in C.A. (4) Grummitt, 

Buck, Beckei, J. Am. Chem. Hoc. 67, 2265-2266 (1945). 

3:2477 l,l,l,2.TETRACHLORO-2,2-bis- CuHgCle Beil. S.N. 479 

(p-CHLOROPHENYL)ETHANE ^ Cl 

c— ici 

ii 

M.P. 91-92° (1> 

Colorless cryst. from abs. ale. 

[For prepn. of C from l,l,l-trichloro-2,2-5is-(p-chlorophcnyl)ethane (“ DDT ”) (3:3298) 
with CI 2 in CCI 4 contg a little PCI 3 (73% yield ( 1 )), or from l,l-dichloro- 2 , 2 -(p-chloro- 
phenyl)ethylcne (3:2438) with CI 2 m CHCI 3 contg. a little PCI 3 (70% yield (1)), see indie, 
refs. 

C with Zn dust in abs. ale, refluxed 8 hrs loses 2 chlorine atoms giving ( 66 % yield (1)) 
l,l-dichloro- 2 , 2 - 6 fs-( 7 J-chlorophenyl)(*thylenc (3 : 2438). 

Despite the presence in C of one tertiary chlorine atom, C does not (1) react with. 6% 
ale. AgNOs at room temp 

C with 5% a(p N 2 OH refluxed for 15 min. is appreciably hydrolyzed, but with aq. alone 
similar treatment gives no appreciable reaction (1). 

3:2477 (1) Grummitt, Buck, Jenkins. J. Am. Chem. Soc. 67, 155-156 (1945). 

3:2480 2,3,4,6-TETRACHLOROTOLUENE CH 3 C 7 H 4 CI 4 

V 

M.P. 91.5-92° (1) (2) 

92° <3) 

91-92° (5) 

Ndls. from ale., ether, or ale. + ether. 

[For prepn of C from 2,4,6-trichloro-3-aminotuluenc [Beil. XII-873] ( 1 ) via diazotization 
and use of CU 2 CI 2 reactn. (yield 92% (2)) (1) see indie, refs ; from toluene (1:7405) with 
CI 2 in pres, of anhydrous FeCls at 15-50° (90% yield) see (3) cf. <5); for formn. of C (to- 
gether with other isomers) from 2,3,4-trichlorotoluene (3:0425) or 2,4,()-trichlorotoluene 
(3:0380) with CI 2 in CCI 4 in pres, of Al/Hg ( 2 ), or from 2,4,5-trichlorotoluene (3:2100) 
with SO 2 CI 2 -h AICI 3 -{- S 2 CI 2 as directed (4), see indic. refs.] 

C (1 wt. pt.) on nitration with a mixt. of 3 wt. pts. HNO 3 {D = 1.48) + 7.4 wt. pts. 
cone. H 2 SO 4 (D = 1.84) at 105° for Yi hr gives (4) 2,3,4,6-tetrachloro-5-nitrotoluene, 
cryst. from ale., m.p. 154° (4). — Note that the value of 131-134° reported previously <2) 
was undoubtedly (4) incorrect. — Note also that the m.p. of this nitration prod, is only 


Beil. V - 302 
Vi-(153) 
V2-(234) 
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slightly lower than that (169®) for the corresp. prod, from 2,3,4,6-tetrachlorotoluene 
(3:2710). 

3:2480 (1) Bures, Trpisovska, daaopia Ceskoalov. L&cdrnictva 16, 179-186 (1936); Cent. 1036, I 
1209; C.A. 30, 1763 (1936). (2) Cohen, Dakin, J. Chem. Soc. 86, 1280, 1282-1286 (1904). (3) 
CaseUa and Co.. Ger. 282,667, April 7, 1916; Cent. 1916, 1 862. (4) Silberrad, J. Chem. Soc. 127, 

2682-2683 (1926). (5) Beilstein, Kuhlberg, Ann. 160, 287-290 (1869). 


3:2490 1,2,4.TR1CHL0R0NAPHTHAL£N£ 


M.P. 92® (1) (2) 


Cl C 10 H 5 CI 3 Beil. V- 644 



Ndls. somewhat spar. sol. in ale. or AcOH. 

(For prepn. of C from 2,4-dichloronaphthylamine-l [Beil. XII-12661 via diazotization 
and use of CU2CI2 reactn. see (1) (3); from 2,4-dichloronaphthol-l (3:3250) by htg. with 
pels see (2); from 1,3-dichloronaphthalene (3:1310) with CI2 in CHCls see (4).] 

[C treated with CISO3H in CS2 and reactn. prod. conv. to Na salt as directed (1) 3rields 
sodium l,2,4-trichloronaphthalenesulfonate-6 (corresp. sulfonyl chloride, m.p. 158® (1)).] 

3:2490 (1) Turner, Wynne, J. Chem. Soc. 1941, 247, 251. (2) Cleve, Ber. 21, 893 (1888). (3) 
Armstrong, W 3 aine, Chem. News 61, 273 (1890). (4) Cleve, Ber. 23, 964 (1890>. 



CHAPTER VII 
DIVISION A. SOLIDS 
(3:2500-3:2999) 


3 : 2515 1,2,6-TRICHLORO- 
NAPHTHALENE 


M.P. 92.5® <1) 

92® <2) (8) 

91® (3) 

90® (4) 

Ndls. from ale.; very eas. sol. CHCI3. 

[For prepn. of C from l-chloro-6-sulfonaphthylamine-2 [Beil. XIV-763] via diazotization 
and use of CU2CI2 reactn. see (2) (5); from 1,2-dichloronaphthalenesulfonyl chloride-6 
(Beil. XI-183] (6), 2-chloro-l-nitronaphthalenesulfonyl chloride-6 [Beil. XI-1881 <4), 2- 
chloronaphthalene-l,6-6w-(sulfonyl chloride) [Beil. XI-2141 (3), or l-chloro-6-bromo- 
naphthol-2 [Beil. VI-651] (7) by htg. with PCls as directed see indie, refs.: for formn. df 
C from 2,6-dichloronaphthalene (3:4040) with CI2 in CHCI3 (9% yield) see (8).] 

[C treated with CISO3H in CS2 and prod. conv. to sodium salt yields (2) sodium 1,2,6- 
trichloronaphthalenesulfonate-4 (corresp. sulfonyl chloride, m.p. 184® (2)).] 

3:2515 (1) Armstrong, Wynne, Chem. News 71, 255 (1895). (2) Turner, Wynne, J. Chem. Soe. 

1941 , 247, 252. <3) Forsling, Ber. 21, 3498 (1888). (4) Cleve, Chem. Ztg. 17 , 398 (1893). (6) 

Armstrong, Wynne, Proc. Chem. Soc. 1889 , 36, 49. (6) Armstrong, Wynne, Chem. News 59 , 

189 (1889) ; 61 , 274 (1890). (7) Armstrong, Rossitter, Chem. News 63 , 137 (1891). (8) Wynne, 

J. Chem. Soc. 1946 , 61. 

3:2545 3-CHLORONAPHTHOL-2 C10H7OCI 

M.P. 93® (1) 

92® (2) 

90® (2) 

Colorless ndls. from pet. ether. — *Spar. sol. cold aq.; sol. boilg. aq., and readily sol. 
org. solvents. — Volatile with steam; can also be distilled without decompn. but b.p. is 
not stated (2). [The identity of the product of m.p. 63-64.5® obtd. from supposed 3- 
chloronaphthyl-2 methyl ether by HI splitting <3) and regarded by its sponsors as C is in 
doubt,] — Note that C does not depress m.p. of jS-naphthol (2). 

[For prepn. of C from l,3-dichloronaphthol-2 (3:1990) with Fe(OH)2 htd. under press. 
8 hrs. at 120® (2) or htd. in ale. with Zn /Cu couple (1) see indie, refs.; from 3-chloronaphtha- 
lene-l,2-diazooxide with alk. SnCl2 see (2); from 3-chloro-2-hydroxynaphthalene8ulfonic 
acid-1 by htg. with 50% H2SO4 see (4).) 


BeU. VI — 
VIi- 
Vl2-(603) 
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C is eas. sol. in aq. alk. and also in aq. Na^jCOs soln. on warming <1); the alk. soln. of 
C couples with diazonium salts to give azo dyestuffs; e.g., C with beiizenediazonium chloride, 
soln. yields a prod., m.p. 139° (4), presumably l-(benzeneazo)-3-chloro-2-hydroxynaphtha- 
lene. 

C in dil. aq. NaOH, treated with NaN02, chilled, and acidified dropwise with H2SO4 
gives (4) 3-chloro-l-nitrosonaphthol-2 (3-chloronaphthoquinone-l,2-oxime-l) [Beil. VII- 
721], which on hydrolysis with AcOII/HCl for 3 hrs. yields 3-chloronaphthoquinone-l,2 
(3:4704), m.p. 214-215° (4). 

3:2545 (1) Herzberg, Spengler, Schmid. Ger. 431,165, June 30, 1920; Cent 1926, II 1196. (2) 

Marschalk, Bull. soc. chim. (4) 43, 1365-1367 (1928). (3) Jambuserwala, Holt, Mason, J. Chem. 

Soc. 1931, 375. (4) Marschalk, Bull. soc. chtm. (4) 45, 658, 661 (1929). 


3 : 2565 /3,i3'-DICHLORO-«-HYDROXYISO 
BUTYRIC ACID 


C4H6O3CI2 


M.P. 93° 

91-92° 


<1) 

<2) (3) 


CII2CI 

CICH2— i— coon 

in 

Neut. Eq. 173 <1) 


Beil. Ill - 318 

nil— 

m2- (224) 


Deliquescent this , eas. sol. ale., ether; cryst from CIICI3 (1); spar. sol. pet. ether. 

[For prepn. from a,a:'-dichloroa(;etoiie (3:0563) + HCN, followed by h: drolysis of the 
resultant nitrile with HCl (overall yield aim. quant. <4>), sec (3) (4) ] 

3:2565 (1) Smith, Z. qihysik Chem. A-177, 137-138 (1930). (2) Favrel, Bull. soc. chim. (6) 1, 

985 (1934). (3) Griinaux, Adam, Bull. soc. chim. (2) 36, 20 (1881), Ann. chim (5) 23, 361-362 

(1881). (4) (jlattfcld, Schneider, J. Am. Chem. Soc. 60, 417 (1938). 


3:2570 cf,M,2-DICHLORO-l,2- 
DIPHENYLETHANE 

{d, i-of ,ay-Dic h lorobi benzyl; 
“ /3 ** stilbene dichloride) 



M.P. 93-94° <1) (2) 

93° (3) 

92-94° (8) 

91-93° cor. <4) (5) 
91.0-92.4° cor. (6) 
90.5-92.5° cor. (4) <5) 
90-93° (7) 


[See oho the isomeric meso or ** a stilbene dichloride (3:4854).] 


Beil. V - 601 
Vi-(282) 
V2-~ 


Colorless this, or Ifts. — Eas. sol. most org solvents but least in Igr. — Readily separable 
from the much less soluble isomeric stilbene dichloride (3:4854) by recrystn. from 
ale. — Sublimes without decompn. 
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[For preparation of C see text of the isomeric “ a ” stilbene dichloride (3:4854) cf. also 
(8), noting that many (but not all) of its methods of prepn. give more or less C. — Note 
also that by reaction of the optically active forms of a-amino-a'-hydroxybibenzyl in HCl 
with NOCl both of the corresp. optical antipodes of C have been prepd. (5).] 

C on htg. above its m.p. is partially isomerized to the isomeric “ a ” stilbene dichloride 
(3:4854) so that m.p. gradually rises to about 160° (1). 

[C with AgOAc (2 moles + 25% excess) in AcOH at 100° for 9 hrs. gives (8) mixts. of 
hydrobenzoin diacetatc, m.p. 133-134°, and isohydrobenzoin diacetate, m.p. 114-116° 
(for m.p. /compn. diagram of this pair see <8) (9)) ] 

C with pyridine in s.t. at 200° for 8 hrs. loses 1 HCl giving (2) one of the two stereoisomeric 
a-chlorostilbene*s, viz., the solid stereoisomer [Beil V-633, Vi-(304)], m.p. 52-54° <2); note 
that the isomeric “ a ” stilbene dichloride (3:4854) is inert to pyridine and does not show 
this behavior. 

3:2570 (1) Zincke, Ann. 198, 129-141 (1879); Ber. 10, 999-1004 (1877). (2) Pfeiffer, Ber. 45, 

1816-1817 (1912). (3) Kayser, Ann. chim. (11) 6, 220-222 (1936). (4) Weissberger, Bach, 
Z. physik. Chem. B-9, 140 (1930). (5) Weissberger, Bach, Ber. M, 1095-1108 (1931). (6) 
Newman, Joshel, Wise, J. Am. Chem. Soe 62, 1862 (1940). (7) Kharasch, Brown, J. Am. Chem. 

Soc. 61, 3434 (1939). (8) Winstein, vSeymour, J. Am. Chem. Soc. 68, 119-122 (1946). (9) 

Boeseken, Elsen, Rec. trav. chim. 47, 696 (1928). 


3:2575 2,3,6,6-TETRACHLOROTOLUENE CH3 C7H4CI4 Beil. V - 302 

Clj^Cl Vi.(153) 

Cll^Cl 

M.P. 93-94° <1) 

93° (2) 

Ndls. from MeOH. 

[For prepn. of C from 2,5,6-trichloro-3-aminotoluene [Beil. XII-873] via diazotization 
and use of CU2CI2 reactn. (80% yield) see (1); for formn. of C (together with other isomers) 
from 2,3,5-trichlorotoluene (3:0610) or from 2,3,6-tnchlorotoliiene (3 '0625) in CCI4 with 
CI2 in pres, of Al/Hg see (1); for formn. of C as by-prod, of oxidn. of tetrachloro-p-cymene 
sec (2) 1 

C on nitration with 10 pts. fumg. HNO3 at 100° for 1 34 brs. gives (1) 2,3,5, 6-tetrachloro- 
4-nitrotoluene, pi. from MeOH, m.p. 150-152° (1). 

3:2575 (1) Cohen, Dakin, J. Chem. Soc. 85, 1280-1284 (1904). (2) Qvist, Holmberg, Acta 

Acad. Ahoensis Math, et Phya. 6, No. 14, 3- 28 (1932); Cent. 1932, II 2815-2816, C.A. 27, 5726- 
5727 (1933). 


3:2615 6-CHLORONAPHTHOL-l 


M.P. 94° <1) 



Beil. VI -612 
VIi- 
Vlir- 


Long white pr. from CS2; C rapidly turns gray-violet in air. 

[For prepn. of C from 7-(3-chlorophenyl)paraconic acid [Beil. XVIII-421] on distillation 
see (1).] 

C dis. in aq. alk. and this soln. couples (1) with diazonium salts. 

C with aq. FeCls gives a yellowish-white ppt. unchanged on stdg.; C with Ca (001)2 
solns. gives (1) a pale violet ppt. 
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C (1 mole) with PkOH (1 mole) in CHCI3 yields an addn. cpd., C.PkOH, yel.-red ndls., 
m.p. 165^ <1). 

® 6-Chloro>l-naphthyl acetate: this, from ale. -f ether, m.p. 47® <1). [From C on 
boilg. with excess AC2O (I).] 

8:2615 (1) Erdmann, Kirchhoif, Ann. 247, 375-378 (1888). 


3 ; 2625 ^-CHLOROCROTONIC ACID 

(<rarw-3-Chlorobuten-2-oic 
acid-1 ) 


CHjr-O-Cl 
H— H^-COOH 


CAOisCl 


BdL n - 415 
ni-(i89) 
[,lIi-(396) 


M.P. 94-96° (1) (36) B.P. 206-911° si. dec. (2) 

94.6° (16) 

94-94.6° (2) (3) (17) 

94° (4) (5) (6) (7) 

93.6-94° (8) 

93-94° (9) (18) 

93.6° (10) 


[See also ^-chloroisocrotonic acid (3:1300).} 

Cryst. from Igr. or CS2. — C is sol. in 35.2 pts. aq. at 19® (2), in 44.4 pts. aq. at 12® (3). — 
C is only slightly volatile with steam (2) (dif. from isomenc /3-chloroisocrotonic acid 
(3:1300)). — C in either cis-a,^-dichloroethylene (3:5042) or trans-a, (i-dichloToethylene 
(3:6028) at 0° is very much less soluble than the isomeric /S-chloroisocrotonic acid (3 : 1300) 
<11). — C can be sublimed at 120® (1). 

For f .p. /compn. data and diagram of system C + the isomeric /9-chloroisocrotonic acid 
(3:1300) (eutectic, m.p. 38.9°) contg. 33.2 mole % C) see (12). 

Preparation. [The most frequently used method of preparation of C is that from ethyl 
acetoacetate (1:1710) with PCh; this treatment leads to the formation of a mixt. of the 
acid chlorides of C and of the isomenc /3-chloroisocrotonic acid (3:1300) which upon 
hydrolysis with aq. gives a mixt. of the two acids; from this mixture the /3-chloroisocrotonic 
acid is removed (together with any unreacted ethyl acetoacetate) by distillation with 
steam; the residual C is then further purified by recrystallization. — The yield of the mixt. 
of C with its stereoisomer is variously reported, e.g., 43.7% (4), 36.5% (10); the yield of 
pure C is relatively small; e.g., 16.9% (4), 11% (13). — The PCU reactn. has often been 
carried out in dry Celle (14) (15) (10) (4), but its use is regarded (1) as disadvantageous. — 
For many important details of procedure see indie, refs.] 

[For formn. of C from a,/3,/3-trichloro-w-butyric acid (3:0925) by removal of the a and one 
/3 chlorine atoms with Zn see (16); from tetrolic acid, CH3 — C^C.COOH [Beil. 11-479, 
IIi-(208), II2- (451)1 by addn. of 1 HCl from cone. aq. HCl on stdg. some weeks in s.t. at 
room temp, see (17); from the stereoisomeric ^-chloroisocrotonic acid (3:1300) with cone, 
aq. HCl in s.t. at 100® for 6 hrs. see (18).] 

Chemical behavior. C on htg. at 150-160° for 20 hrs. (17) or at 130° in s.t. (22) is largely 
isomerized to /3-chloroisocrotonic acid (3:13(K)). 

[C in ale. (5) or aq. (5) (19) NaOH with H2 + Pd/BaS04 or C with Na/Hg (20) (2) 
yields crotonic acid (1 : 0425), m.p. 72®; note that C is thus dehalogenated more slowly (5) 
than the isomeric /3-chloroisocrotonic acid (3:1300), and that with excess H2 the crotonic 
acid is further reduced to n-butyric acid (1:1036).] 

G on oxidn. with aq. KMn04 yields (21) only AcOH (1 : 1010) and oxalic acid (1:0446). 
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C with CI2 in CS2 soln. adds 1 mole halogen yielding (16) a,3,/3-trichloro-?i-butyTic acid 
(3:0925), m.p. 52®; C undoubtedly also adds 1 Br^ to yield /3-chloro-a,/3-<iibromo-n-butyric 
acid, but the latter has never been reported. 

C behaves as a monobasic acid, dissociation const, at 25® »= 1.44 X 10“^ (23). — C on 
neutralization with cold dilute alk. gives Neut. Eq. = 120.5, forms stable salts. — Note, 
however, that C with 6.7% aq. KOH at 70-80® (24) cf. (25) (26) splits off HCl yielding 
tetrolic acid, CHa-C^C — COOH; C with excess cone. aq. KOH (e.g., abt. 7 N) begins to 
decompose even below 100® yielding (24) acetone (1 : 5400) -f K2CO3 + KCl. 

Salts. [NH4A, (27); NaA.)^Il20, very sol. aq., and does not isomerize on htg. (2); AgX 
on htg. with aq. in s.t. at 170® dec. yielding CO2 4- propadiene (allylene) but does so more 
slowly than the silver salt of the isomeric )3-chloroisocrotonic acid (3:1300) (18); BaA2, 
very sol. aq. (2); CUA2.H2O (2).] 

[C with PCls yields (28) (29) ^-chlorocrotonoyl chloride; note, however, that, although 
this product is presumably involved in the prepn. of C from ethyl acetoacetate with PCU 
(see above under preparation of C) cf. (29), yet it has never been isolated in pure form 
nor its properties specifically characterized (the m.p. 94® reported in various places is an 
error, the value referring in fact (28) to C); this lack of data is presumably due to its easy 
isomerization to the stereoisomeric /3-chloroisocrotonoyl chloride, b.p. 135-136® at 760 mm. 
(30).] 

[C (as K salt) with ale. NaOEt on htg. gives after acidification (24) /3-ethoxycrotonic 
acid [Beil. III-371, IIIi-(135)], m.p. 137-138® (24), 141® (31).— C (as Na salt) with Na 
benzylate on htg. gives after acidification (32) jS-bcnzyloxycrotonic acid, m.p. 121-122® 
(32), — C (as Na salt) with Na salt of benzyl mercaptan in the cold gives after acidification 
(32) a /3-benzylmercaptocrotonic acid, m.p. 192-194®; at 100®, however, there is also obtained 
(32) a stereoisomer, m.p. 130®.] 

[For behavior of C (as NH4 salt) with (NH4)rS03 yielding /3-sulfocrotonic acid (33) or 
of C (as K salt) with K3ASO3 yielding ^-arsonocrotonic acid (9) see indie, refs.] 

[C with CeHe + AICI3 not only undergoes Friedel-Crafts reactn. but also addition of 
CeHe to unsatd. linkage giving (35-38% yield (34)) /3,^-diphenyl-n-butyric acid, m.p. 
102-103® (35).] 

Methyl /3-chlorocrotonate: b.p. 64-67® at 14 mm. (see 3:9244). [For study of 

rate of esterification of C with MeOH see (36) (37).] 

Ethyl ^-chlorocrotonate: b.p. 179-180° (see 3:8538). 

/S-Chlorocrotonamide: ndls. from ether, pr. from aq., m.p. 99-101® (28). [From 
/3-chlorocrotonoyl chloride (see above) with cone. aq. NH4OH (28).] 

® /3-Chlorocrotonanilide: pr. from ale., m.p. 123-124® (28). [From ^-chlorocrotonoyl 
chloride (see above) with aniline + excess cold dil. aq. NaOH (28).] 

® /9-Chlorocroton-cK-naphthalide: pr, from ale., m.p. 169-170° (28). [From /3-chloro- 
crotonoyl chloride (see above) with a-naphthylamine -f excess cold dil. aq. NaOH 
(100% yield (28)).] 

3:2625 (1) Dadieu, Pongratz, Kohlrausch, Monatah. 60, 211-212 (1932); Sitzber. Akad. Wise, 
Wien, Math, naturw. Klaase, Abt. Il-a, 140, 369-360 (1931). (2) Geuther, Zeit. Chemie 1871, 

240. (3) Kahlbaum, Ber. 12, 2337-2338 (1879). (4) Backer, Beute, Rec. trav. chim. 54, 652- 

653 (1936). (6) Paal, Schiedewitz, Rauscher, Ber. 64, 1621-1530 (1931). (6) Bruylants, 

Castille, BuU. aoc. chim. Bdg. 34, 277 (1926). (7) von Auwers, Wissebach, Ber. 724 (1923), 

(8) Stelling, Z. phyaik. Chem. B-24, 423 (1934). (9) Backer, van Oosten, Rec. trav. chim. 59, 

49-60 (1940). (10) Skau, Saxton, J. Am. Chem. Soc. 50, 2693-2701 (1928). 

(11) Lebrun, Bvll. aoc. chim. 39, 429-430 (1930). (12) Skau, Saxton, J. Phya. Chem. 37, 183- 

196 (1933). (13) Autenrieth, Ann. 259, 368-362 (1890). (14) Michael, Schulthess, J. prakt. 

Chem. (2) 46, 236-238 (1892). (15) Scheibler, Voss, Ber. 53, 381-382 (1920). (16) Szenic, 
TaggeseU, Ber. 28, 2665-2667 (1895). (17) Friedrich, Ann. 219, 363, 370-371 (1883). (18) 
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Michael, Clark, J. jrraki. Chem. (2) 52» 326-329 (1896). (19) Rosenmund, Zetsche, Ber. 51, 

683 (1918). (20) Michael, Sohulthess, J. prakt. Chem. (2) 46, 248-249 (1892). 

(21) Kondakow, J. Russ. Phys.-Chem. Soc. 24, 508 (1892). (22) Michael, Schulthoss, J. prakt. 

Chem. (2) 46, 264-266 (1892). (23) Ostwald, Z. physik. Chem. 3, 245 (1889). (24) Friedrich, 

Ann. 219, 346-349 (1883). (25) Michael, J. prakt. Chem. (2) 38, 9-10 (1888). (26) Michael, 

Schulthess, /. prakt. Chem. (2) 46, 254-255 (1892). (27) McMaster, Magill, /. Am. Chem. Soc. 

38, 1796-1797 (1916). (28) Autenrioth, Ber. 29, 1665-1669 (1896). (29) Shriner, Koyser, J. 

Am. Chem. Soc. 60, 287 (1938). (30) Scheiblcr, Topoiizada, Schulze, J. prakt. Chem. (2) 124, 

16 (1930). 

(31) Nef, Ann. 276, 234 (1893). (32) Autenrieth, Ber. 29, 1646-1652 (1896). (33) Backer, 

Beute, Rec. trav. chim. 54, 559-560; 622-624 (1935). (34) Koelsch, Hochmann, LeClaire, J, Am. 

Chem. Soc. 66, 59 (1943). (35) Bergmaim, Taubadel, Weiss, Ber. 64, 1501 (1931). (36) Sud- 

borough, Roberts, J. Chem. Soc. 87, 1846 (1905). (37) Michael, Oechslm, Ber. 42, 322 (1909). ’ 


3:2635 7,8-DICHLORONAPHTHOL-l Cl OH CioHcOCla Beil. VI -613 

"CO - 

M.P. 95" (1) (2) 

Ndls. from ale. (1) (2); much more sol. in Igr than isomeric, 6,7-dichloronaphthol-l 
(3:4315) (3). 

[For prepn. from /?-(3,4-<lichlorobenzal)propi()nit ac. [Beil. IX-6141 by distn. see (1) 
(2) (3); C is separated from the larger proportion of 6,7-dichloronaphthol-l (3:4315) by 
its greater soly. in Igr (3) ] 

C in alk. soln. coupled with diazotized naphthionic acid (1-aminonaphthalenesulfonic 
acid-4) gives a dark violet color which upon acidification turns bluish cherry-red (3). 
[Dif. from 6,7-dichloronaphthol-l (3:4315) q.v] 

® 7,8-Dichloro-l-naphthyl acetate: cryst. from dil. ale., m.p. 87-88" (1) (2). 

3:2635 (1) Armstrong, Wynne, Chem. News 71, 253 (1895). (2) Armstrong, Wynne, Proc. Chem. 

Soc. 11, 78-79 (1893); Bar. 29, Roferate 223-224 (1896). (3) Erdmann, Schweehten, Ann. Z3S, 

286 (1893). 

3: 2637 3,6-DICHLORO-2-HYDROXY- 
BENZALDEHYDE 

(3,5-Dichlorosalicylaldchyd e ) 

M.P. 95-96" (1) 

95" (2) (3) 

94-95" (4) 

Pale yel. scales from AcOH; insol. aq., sol. in usual org. solvents. 

[For prepn. of C from o-hydroxybenzaldehyde (salicylaldehyde) (1:0205) in AcOH or 
CHCI3 with CI2 (2moles) (yields: 90% (3), 70% (4)) (1) see indie, refs.; for formn. from 2,4- 
dichlorophenol (3:0560) with hexamethylenetetramine in glycerol + H3BO3 with H2SO4 
as directed (7% yield) see (1).] 

[For study of bactericidal props, of C see (9) ] 

C is sol. in dil. aq. alk. or NH4OH yielding yel. solns.; C is stable toward dil. aq. acids 
or even hot cone. HCl but with cone. H2SO4 or HNO3 dec. on warming (2). 

[C in dil. aq. NaOH oxidized with dil. (3%) H 2 O 2 as directed yields (1) 3,5-dichloro-l,2- 
dihydroxybenzene (3,5-dichlorocatechol) (3:3525), pr. from cold aq., m.p. 83-84" (1).] 

[C with AC 2 O -h NaOAc (Perkin condensation) yields (5) (6) 6,8-dichlorocoumarin, 


CHO C 7 II 4 O 2 CI 2 Beil. Vm- 54 

0 OII vnii— 

Cl 
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cryst. from CeHe, m.p. 160® (5), 157° ( 6 ) (this prod, on reduction with Na/Hg gives ( 6 ) 
7 -( 3 , 5 -dichloro- 2 -hydroxyphenyl)propionic acid (3,5-dichloromelilotic acid), m.p. 122° 
( 6 ), on soln. in aq. alk. and boilg. with HgO or Hg(OAc )2 yields (7) 3,5-dichloro-2-hydroxy- 
cinnamic acid (3,5-dichloro-o-coumaric acid), cryst. from dil. ale., dec. 242° (7), or on 
oxidn. with KMn 04 gives aim. quant, yield (5) of 3,5-dichlorosalicylic acid (3:4935), 
m.p. 214° (5)).] — [C with co-(phenylacetyl)acctophcnonc (l,4-diphenylbutancdionc-l,3) 
in abs. ale. with a little piperidine 7-11 hrs. at 100° condenses giving (16% yield ( 8 )) 6 , 8 - 
dichloro-3-phenylcoumarin, colorless ndls. from AcOH, m.p. 193-195° ( 8 ).] 

[C with EtMgBr yields corresp. ter. ale., viz., 3,5-dichloro-2-hydroxyphenyl-ethyl- 
carbinol, which at 16 mm. press, loses aq. at 140° giving (80% yield (4)) 2,4-dichloro-6- 
propenylphenol, m.p. 46-47° (4).} 

® 3,6-Dichloro-2-hydroxybenzaldoxime (3,5-dichlorosalicylaldoxime): colorless ndls. 
from alc./aq. (4:1) (3), m.p. 195-196° <4), 195° ( 2 ). [From C + NH 2 OH.HCI in 
ale. on htg. 1 hr. and pouring into aq. (aim. quant, yield) (4) ] [This oxime with AC 2 O 
on boilg. 3 hrs. gives aim. quant, yield (4) of 3,5-dichloro-2-acetoxybenzonitrile, 
colorless ndls from ale., m.p. 78° (4).] 

® 3,6-Dichloro-2-hydroxybenzaldehyde phenylhydrazone: pale yel. tbls. from ale., 
m.p. 153° (4). [From C in ale. with plienylhydrazine on shaking 10 min. (4).] 

® 3,6-Dichloro-2-hydroxybenzaldehyde semicarbazone: aim. colorless ndls. from 
AcOH, m.p. 227° dec. (4) [From C in AcOH with semicarbazide HCl in aim. quant, 
yield after hr. boilg. (4) ] 

3:2637 (1) Dakin, Am. Chem. J. 42, 488-489 (1909). (2) Duff, J. Chem. *Soc. 1941, 547-549. 
(3) Biltz, Stepf, Ber. 37, 4027-4031 (1904). (4) Claisen, Tietze, Ann. 449, 100 (1926). (5) Dey, 
Row, J. Chem. Soc. 126, 500 (1924). (6) Chem. Werke Orenzach A.G , Ger. 386,619, Dec. 13, 
1923; Ceiit. 1924, I 2633 (7) Sen, Chakravarti, J. Indian Chem. iSoc. 7, 249-250 (1930). (8) 

Lovett, Roberts, J. Chem. tioc. 1928, 1977-1978. (9) Delauney, J. pharrn. chim. (8) 26, 2M-266, 
545-560 (1937), (8) 26. 177-216 (1937), Cent. 1938, 1 2019. 

3 : 2638 2, 6 -DICHLORO -3,6-DIMETHYL- 
PHENOL 

( 2 , 6 -Dic hloro-m-5-xy lenol ) 

M.P. 95-96° (1) 

(See also text.) 

Cryst. from pet. ether. — Eas. sol. CHCI 3 , CC?l 4 . 

[For prepn. of C from 3 ,. 5 -dimethylphenol (m-S-xylenol) (1 : 1455) with SO 2 CI 2 (2 moles) 
in CHCI 3 see ( 1 ); note, however, that structure there assigned is 2, 4-dichloro-3, 5-dimethyl- 
phenol (3:2182) q.v.] 

The nitration of C has not been reported, and the expected 4-nitro-2,6-dichloro-3,5- 
dimethylphenol is unknown. 

2,6-Dichloro-3,6-dimethylphenyl acetate: unreported. 

2,6-Dichloro-3,6-dimethylphenyl benzoate: unreported. 

3:2638 (1) Lesser. Gad, Rer. 66, 975 (1923;. 


OH (^sHgOCls Beil. S.N. 529 

ci/\ci 
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Colorless ndls. from aq. [For study of ioniz. const, of C see (1) (6) (9) (10) (13); for 
fate in animal body see (3); for studies of bacteriostatic props, see (11) (12).] 

[For prepn. of C from o-chlorobenzyl chloride (3:6400) via conversion to 0 -CI.C 6 H 4 .- 
CH 2 MgCl and subsequent carbonation with CO 2 see (2); from o-chlorophenylacetamide 
(see below) with nitrous acid see (3) (4) (6); from 2-phenyl-4-(2-chlorobenzal)oxazolone-5 
(the azlactone from o-chlorobenzaldehyde + V-benzoylglycine + AC 2 O (5)) [Beil. XXVII 1 - 
(298)] on boilg. with aq. NaOH and afterward treated with H 2 O 2 sec (5).] 

[For reactns. of closely related 0 -CI.C 6 H 4 CH 2 .COOMgCl with large excess of isopropyl 
MgCl or CeHsMgBr yielding o-chlorophenylmalonic acid, cryst. from ale., m.p. 139° (7), 
see (7) (8).] 

[For condens. of C with pyrene-3-aldehyde (14) or with V-ethylcarbazole-3-aldehyde 

(15) in prepn. of intermediates for dyes or pharmaceuticals see indie, refs.] 

[C with PCU yields (3) 2-(5hlorophenylacetyl chloride, b.p. 119-121° at 12 mm., 118- 
120° at 10 mm.; this prod, with aminoacetic acid (glycine) in dil. aq. alk. gives (36% yield 
(3)) o-chlorophenylacetaminoacetic acid (o-chlorophenylaceturic acid), cryst. from hot 
aq., m.p. 134-135° (3).] 

(C converted to Pb salt, latter dried at 110° and distilled, yields (16) 2,2'-dichlorodibenzyl 
ketone, ndls. from ale., m.p, 102° (16) (oxime, m.p. 112° (16), semicarbazone, m.p. 149° 

(16) ).] [For soly. of many other salts see (4).] 

Methyl 2-chlorophenylacetate: oil, b.p. 125-128° at 23 mm. (4). [From C in 

MeOH with HCl gas (4); also from 0 -Cl.C 6 H 4 .CH 2 .MgCl with methyl chloroformate 
in ether (2); alkaline hydrolysis gives (2) C.] 

Ethyl 2-chlorophenylacetate: oil, b.p. 134° at 23 mm. (4). [From C in EtOH with 

HCl gas (4).] 

(P 2-Chlorophenylacetamide: Ifts. from aq., m.p. 176° (4), 172-175° (3). [From 2- 
chlorophenylacetonitrile (o-chlorobenzyl cyanide) by partial hydrol. with H 2 SO 4 
(4) (3); actn. of HNO 2 yields C (see above).] 

(2-Chlorophenylacet)anilide: white ndls. from ale., m.p. 138.5° (4). [From C -{- 1 
mole aniline on htg. at 180-190° for hr. (4).] 

(2-Chlorophenylacet)-m-chloroanilide: white ndls. from dil. ale., m.p. 154° cor. (17). 
[From C + 7?«;hloraniline (1 mole) on htg. at 180-190° for 2 hrs. (17); also from 
o-chlorobenzyl ?n-chlorophenyl ketoxime by Beckmann rearr. with PCI5 in ether (17).] 
(g^(2-Chlorophenylacet)-^-toluidide: white ndls. from dil. ale., m.p. 169.5° (4). [From 
C on htg. with 1 mole p-toluidine as for the anilide (above) (4).] 

® (2-Chlorophenylacet)phenylhydrazide: white Ifts. from CeHe, m.p. 175° (4). (Fh)m 
C on htg. with 1 mole phenylhydrazine (as above) (4).] 

8:2640 (1) Dippy, Williams, J. Chem. Soc. 1934 , 1888-1892. (2) Austin, Johnson, Am. Chem, 

Soe. 64 , 657 (1932). (3) Cerecedo, Sherwin, J. Bwl. Chem. 68 , 220-222 (1923 /24). (4) Mehner, 

J. prakt. Chem. (2) 62 , 654-560 (1900). (6) Mauthner, J. prM. Chem, (2) 96 , 61 (1917). ( 0 ) 
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Betti, Manzoni, AtH accad. lAncei 22, 284-287 (1935); Cent. 11186, I 3665; C.A. 80, 6349 (1936). 
(7) Ivanov, Spassov, Bull. eoc. chim. (4) 49, 22 (1931). (8) Ivanov, BuU. eoc. chim. (5) 4, 682- 

686 (1937). (9) Betti, Lucchi, Atti acad. Lincei 22, 367-370 (1936) ; Cent. 1086, I 3665; C.A. 30, 
6349 (1936). (10) Lucchi, Zymologica 16, 130-134 (1938) ; Cent. 1939, 1 4030; C.A. 34, 7703 (1940). 

<11) Gross, Degering, Tetrault, Proc. Indiana Acad. Sci. 49, 42-44 (1939) ; C.A. 36, 6637 G941). 
(12) Feasley, Gwynn, Degering, Tetrault, J. Am. Pharm. Asaoc. 30, 41-44 (1941); C.A. 36, 3034 
(1941). (13) Betti, Lucchi, Mem. accad. sci. ist. Bologna, Classe sci. fis. 6, 37-42 (1939); Cent. 

1040, II 2597; C.A. 36, 5470 (1942). (14) I.G., Brit. 469,633, Aug. 26, 1937; Cent. 1938, I 181. 

(16) I.G., French 807,704, Jan. 20, 1937; Cent. 1937, I 5063. (16) Kenner, Morton, J. Chem. 

Soc. 1934, 680. (17) Jenkins, /. Am. Chem. Soc. 66, 2898 (1933). 


3:2650 PARA-(/3-CHLORO-n- 
BUTYRALDEHYDE) 

(2,4,6-im- (/3-Chloro-n-propyl )- 
Uioxane-1,3,5) 


M.P. 96-97° (1) 


C 12 H 21 O 3 CI 3 Beil. S.N. 2952 
O 

CH3.CH.CH2.C^ ^C— CH2.CH.CH, 

ii ini 

iH2.CH.CH3 

ii 


Ndls. from dil. ale.; insol. aq., sol. hot ale. 

[C is readily obtd. by spontaneous polymerization of /3-ehloro-n-biityraldehyde (3:9110).] 

C on htg. with eone. H2SO4 not only depolymerizes but also loses HCl yielding (1) 
crotonaldehyde (1*0150). 

C on oxidn. with CrOa yields (1) aeetie aeid (1 : 1010); with eone. HNO3 yields /3-chloro- 
n-butyrie aeid (3:0035). 

C on boiling with an aq. suspension of Ag20 yields (1) silver salt of i3*hydroxy-n-butyric 
aeid. 


3:2660 (1) Kekul5, Ann. 162, 100-102 (1872). 


3:2662 


l,l,l-TRICHLORO-2-METHYL- 

PROPANOL-2 

(/3,^,j8-Trichloro-ter-butyl 
aleohol; aeetone ehloroform; 

“ Chlorbutol “ Chloretone ”) 


CHa 

CHs — — CCI3 

in 


C4H7OCI3 


'M.P. 97° (1)(4) 

96-97° (2) (5) (6) 
96.2° (11) 

96° (3) (18) 


B.P. 167° (2) (5) 

166.4° (1) 

134-136° at 246 mm. (43) 


Beil. I - 382 

11- (192) 

12- (415) 


Colorless eryst. with eamphoraeeous odor; like eamphor the eryst. rotate vigorously 
when plaeed on clean aq. 

C is spar. sol. cold aq. (1 g. C dis. in 200 ml. aq. at 15.5°, in 125 ml. aq. at 25° (6), cf. 
(7) (9)). — C is easily sol. hot aq., eas. sol. ale., ether, acetone, AcOH, or CHCI3. 

C is very easily volatile with steam (use in detection of small amts. C in aq. soln. (8) 
(19)). — From hot aq. C seps. in ndls. contg. water of hydration: this prod., m.p. 80-82° 
(5), 80° (6), 80-81° (9) (18) (2), 77° (11), 77.8° (6), 78.8° (6), is often regarded as (5) (18) 
a hemihydrate; note, however, that its aq, content may vary and the prod, may comprise 
a solid soln. of aq. in C (for extensive study see (1)); in any case distillation of the hydrate 
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removes the aq. and yields (5) anhydrous C (for conv. of the “ hemihydrate ** to anhydrous 
C by use of CaO, CaCl 2 , MgCl 2 see (12)); note, however, that anhydrous C on stdg. in air 
is converted to the “ hemihydrate ” in less than 30 min. (11). — C readily sublimes even 
at room temp, and by repeated sublimation yields (18) anhydrous form. 

C has hypnotic, sedative, local anesthetic, and antiseptic characteristics and finds ex- 
tensive use in medicine and in preservation of biological solns. ; it has been used in treat- 
ment of nausea and seasickness, e.g., German Nautissiin ” or (together with caffeine) as 
the British “ Mothcrhill’s Seasick Remedy ” (10). 

C is also employed as a modifier for cellulose acetate (13) (14) (15) (16) or cellulose 
ethers (17). 

[For detn. of C by complete hydrolysis with hot MeOH /KOH and subsequent detn. of 
chlorine by either volumetric or gravimetric methods see (3) (19). 1 

[For prepn. of C from ajctone (1 : 5400) + CHCI 3 (3 : 5050) by addn. of dry powdered 
KOH (0.5 mole) below 0° (5) or 2-3® (4) or KOH in ale. as directed (11) (yields: 25% (11), 
23% (5)) (2) (4) see indic. refs. ; note that use of NaOH lowers the yield (5) and that Ca(OH )2 
(11), Zn(OH )2 (5), or Al(OH )3 (5) yields no C; note also that the crude prod, contains 
some diacetone alcohol (1:6423) which is best removed by treatment with aq. (11) since 
otherwise it appears to form with C a const.-boilg. mixt. 

[For prepn. of C from trichloroacetyl chloride (3:5420) with MeMgl in ether (4) or 
from ethyl trichloroacetate (3:5950) with MoMgBr in ether (20) see indic. refs ] 

[C with granulated Zn -|- cone. HCl (in pres, of a little ether) is reduced (21) to ter- 
butyl ale. (1:6140), m.p. 25®, but C in 70% ale. warmed with Zn dust for 5 hrs. gives 
(4% yield (22)) l,l-dichloro-2-methylpropcne-l (3:5300) + l-ehloro-2-mLthylpropene-l 
(3:7120) + isobutylene (23). — C with granulated Zn in boilg. AcOH yields (21) ter- 
butyl acetate (1:3057).] 

[C with Na/Hg in moist ether (21), or with aq. in s.t. at 180® for 3 hrs. (24), or C with 
aq. ale. KOH (25) undergoes hydrol. of its — CCI 3 group yielding a-hydroxy-isobutyric 
acid (1:0431), m.p. 79®.] 

Anhydrous C in dry ether poured onto a lower layer of colorless fuchsin-aldehyde reagt. 
(Schiff's soln.) gives a purple color (26), but this behavior is not shown by the “ hemi- 
hydrate.” — C also reduces NH 40 H/AgN 03 soln. slowly in the cold (2). 

[C with cold 10% aq. KOH is claimed (27) cf. (29) to yield traces of a-chloroisobutyric 
acid (3:0235) or carbon monoxide + acetone (28), while C with solid KOH gives (27) 
methacrylic acid [Beil. 11-421, Il2-(398)], and C in MeOH with alk. or tertiary org. bases, 
or mineral acids, yields (29) methyl methacrylate [Beil. ll2-(398)] ] 

C with cone. H 2 SO 4 (10 wt. pts.) evolves CO + CO 2 + HCl (25) (26); the CO presumably 
results from the usual action of H 2 SO 4 on some a-hydroxy-isobutyno acid (1:0431) first 
formed by hydrolysis; for the other reactions see (25). 

[C with PCU at 100° is claimed (30) (31) (21) to yield both 6is-(/3,^,/3-trichloro-ter-butyl) 
ether [Beil. 1-383, Ii-(193)], b.p. 156° (30), and l,l,l,2-tetrachloro-2-methylpropane 
(3:4725), m.p. and b.p. both at 167® (30), but later workers (26) could obtain no reaction 
at all between C and PCU- — C with PBrs at 60° (not above because of dissociation of 
PBrs) gives (32) cf. (21) 2,3-dibromo-l,l,l-trichloro-2-methylpropanc, b.p. 243® (32).] 

C with P 2 OB in dimethylaniline (1) or quinolme (50) htd. at 200® under ord. press, gives 
(yield: 30-43% (50), 15% (33)) l,l,l-trichloro-2-methylpropene-2 (3:5605), b.p. 132°, 
+ 57% 3 rield of its synionic isomer l,l,3-trichloro-2-methylpropene-l (3:5025), b.p. 
45-46°, accompanied by some a-chloroisobutync acid (3:0235) cf. (50). 

[Various reactions of C have been employed in prepn. of pharmaceutical prods.: C with 
adipic anhydride (see text of 1:0775) at 160-180° for 8 hrs. (35), or C with adipic acid 
(1:0775) + SOCI 2 grad. htd. to 150-160° (36), gives /3,i8,/3-trichloro-ter-butyl hydrogen 
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adipate, cryst. from pet. ether, m.p. 70° <35). — C with 5-ethyl-5-phenyl-barbituric acid 
(“ Luminal **) does not (37) show evidence of molecular cpd. formn. but forms a eutectic, 
m.p. 70.4°, contg. 90% C. — C with 2,3-dimethyl-l-phenylpyrazolone-5 (“ Antipyrine ) 
does not (38) form a molecular cpd. but gives a eutectic contg. 60 mole % C. — C with 
2,3-dimethyl-4-dimethylamino-l-phenylpyrazolone-5 (“ Pyi*amidone gives (39) a molec- 
ular cpd., m.p. 61-63°. — C with chloral (3:5210) or chloral hydrate (3:1270) gives (40) 
a molecular cpd., m.p. 65°. — See also above (paragraph 4) and below (under (©'s).l 

[For reactn. of C + AICI3 (in Friedcl-Crafts sense) with benzene, toluene, and p-xylene 
see (31); for reactn. of C with ethyl sodio-acetoacctate see (25).] 

[C with aniline in ale. KOH gives according to conditions (41) either fi(or a)-anilinoiso- 
butyranilide [Beil. XIl-558], cryst. from ale., m.p. 155-157° (41), or /3-anilinoisobutyric 
acid [Beil. XlI-497], cryst. from ale., m.p. 185° (41). — For study of reactions of C with 
p-ethoxyaniline (p-phenetidine) -j- ale. KOH see (42); of C with o-phenylenediamine + 
ale. KOH see (41).] 

® Carbylamine test: C with aniline + aq. alk. on warming gives characteristic odor of 
phenyl Isocyanide (phenyl carbylamine). 

® Iodoform reaction: C in aq soln. (1/200) treated with aq. NaOH + I2/KI soln. gives 
yel. ppt. of iodoform (m.p. 119°) with its characteristic odor. 

^,/3,/3-Trichloro-fer -butyl acetate: oil, b.p. 191° (21), 190-191° (4), 151-152° -at 

237 mm. (43). [From C (1 pt.) with AC2O (2 pts.) anhyd. NaOAc (1 pt.) refluxed 
2 hrs. (85% yield (43)), or from C (1 mole) with AcCl (1 mole) under reflux (37% 
yield (21)).] — [Note that this ester, although unaffected by 10% aq. NaOH at 1(X)° 
for 20 min. (dif. from C which is hydrolyzed), is rapidly saponified by boilg. with 
3-4 vols. cone. HNO3 for a few minutes, and upon dilution with aq ppts. C (43).] 

® /3,/3,/?-Trichloro-fer-butyl benzoate: cryst. from ale. upon addn. of aq , m.p. 34-35° 
(44) (45). [From C with BzCl at 100° until cvoln. of HCl stops (6 hrs.) (44) (45), 
or from C + benzoic acid (1:0715) in pres, of ZnCU (45).] — [Note that this ester 
on boilg. with cone. HNO3 is not hydrolyzed (dif. from esters of C with aliphatic acids, 
e.g., acetate (above)), but nitrated (46) yielding mainly ^,/3,/3-trichloro-ter-butyl 
w-nitrobenzoate (see below).] 

® ^,^,^-Trichloro-fer-butyl o-nitrobenzoate: pi. from ale., m.p. 91° (46) (47). [From 
C with o-nitrobcnzoyl cliloride on warming (46) (47).] 

® /3,/3,/3-Trichloro-fer-butyl m-nitrobenzoate: pi. from ale., m.p. 87° (46) (47). [From 
C with m-nitrobenzoyl chloride on warming (46) (47), or from /3,/3,/3-trichloro-ter- 
butyl benzoate (above) by nitration with excess cone. HNO3 below 50° (46) (47).] 

® /3,/3,^-Trichloro-<er-butyl ^-nitrobenzoate: ndls. from ale., m.p. 145° (46) (47). 
[From C with p-nitrobenzoyl chloride on w^arming (46) (47).] 

® /3,^,/3-Trichloro-fer-butyl 3,6-dinitrobenzoate: unreported. 

i8,/3,^-Trichloro-fer-butyl carbamate: pi. from CeHe, m.p. 102° (48) (49). [From 

C with Na in CeHe at room temp, for 4 hrs., followed by conversion of the presumably 
resultant metal alcoholate with phosgene (3:5000) in toluene to j8,/3,^trichloro-^- 
butyl chloroformate (not isolated), and reaction of the latter in the CeHe /toluene 
soln. with dry NH3 gas (55% yield (48)) (49); note that earlier attempts (26) to obtain 
a metal alcoholate in toluene had led to serious explosions (cf. alkali metals with 
CHCI3) (3:5050).] 

i8,/3,|8-Trichloro-fer-butyl iV-phenylcarbamate: ndls. from CeHe, m.p. 118° (48). 

[From C as in the preceding case except that aniline was used in place of NHs in last 
step; yield is poor (48).] 

^,/3,/3-Trichloro-fer-buty] i^-(a-iiaphthyl)carbamate: unreported. 
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3:2662 (1) Cameron, Holly, J. Phya. Chem. 2, 322-335 (1898). (2) Willgerodt, 2451-- 

2458 (1881). (3) Sinton, J. Aasoc. Oficial Agr. Chem. 22, 730“732 (1939); 21, 557-560 (1938). 

(4) Taffe, Roczniki Farmacji 2, 99-107 (1923); Cent. 1924, II 304; C.A. 18, 2328 (1924). (5) 
Sah, Lei, Ma, Sci. Repia. Natl. Taing Hua Univ. A-1, 209-214 (1932). (6) Perrins, Pkarm. J. 

128, 265, 271 (1932); Cejit. 1932, II 1039; C.A. 26, 4416 (1932). (7) Smelt, Pharm. J. 128, 493 

(1932) ; Cent. 1932, II 3741 , C A. 26, 4416 (1932). (S) Aldrich, J. Biol. Chem. 34, 263-267 (1918). 

(9) Hamilton, Am. J. Pharm. 91, 643-648 (1919). (10) Anon., Chem. Ztg. 52, 611 (1928); 

Cent. 1928, II 1588. 

(11) Fisburn, Watson, J. Am. Pharm. Asaoc. 28, 491-493 (1939); Cent. 1939, II 4464; C.A. 
33, 9283 (1939). (12) Carpenter (to Givaudan-Delawanna, Inc.), U.S. 1,967,287, July 24, 1934; 

Cent. 1935, I 2256. (13) Staud, Minsk (to Eastman Kodak Co ), U.S. 1,994,597, March 19, 

1936; Cent. 1935, II 2605, C.A. 29, 3156 (1935). (14) Kodak-Path6, Eionch 741,975, Feb. 24, 

1933; Cent. 1934, I 2684. (15) Bader, Dickie (to Am. Cellulose and Chem. Mfg. Co.), U.S. 

1,636,052, May 5, 1925, Cent. 1925, II 1926. (16) Bader, Dickie (to Brit Cellulose and Mfg. Co.), 

Brit. 195,849, May 3, 1923: Cent. 1923, IV 343. (17) Dreyfus, Bnt. 205,195, Nov. 8, 1923; 

Cent. 1924, I 716. French 562.056, Nov. 3, 1923; Cent. 1924, I 599. (18) Willgerodt, Ber. 16, 

1585 (1883). (19) Vastagh, Pharm. Zentralhalle 78, 497-499 (1937); Cent 1937, II 3626; C A. 

31, 7595 (1937). (20) Henry, Compt. rend. 142, 131 (1906); Bull. aoc. chim Beig. 20, 152-156 

(1906); C«n<. 1906, II 1178. 

(21) Willgerodt. Durr, J. prakt. Chem. (2) 39, 283-289 (1889). (22) Bruyno, Davis, Gross, 

Phyaik. Z. 33, 720, Note 2 (1932). (23) locitsch, J. Ruaa. Phya -Chcvi Sue 30, 920-924 (1898); 

Cent. 1899, I 606 (24) Willgerodt, Ber. 15, 2307-2308 (1882). (2.5) Willgerodt, Schiff, J. 

prakt. Chem. (2) 41, 515-526 (1890). (26) Wolffenstein, Loewy, Bacli.stez, Bcr. 48, 2039-2040 

(1915). (27) Ostropiatow, J. Ruaa. Phya.-Chem. Soc. 28, 47-56 (1890), Ber. 29, Refeiate 908- 

909 (1896). (28) Bressani, Segre, Gazz. chim. ital. 41, I 673-674 (1911). (29) Thomas, Oxley 

(to Celanese, Ltd.), Brit. 605,103, June 1, 1939; Cent. 1939, II 3035, C.A. 33, 7821 (1939). (30) 

Willgerodt, DQrr, Ber. 20, 539-540 (1887). 

(31) Willgerodt, Genieaer, J. prakt. Chem. (2) 37, 305-371 (1888). (32) Sw.irts, Bull. aoc. 

chim. Belg. 36, 204-205 (1927). (33) Jacob, BuU. aoc. chim. (5) 7, .581-586 (1940), C.A. 36. 

3507 (1942). (34) Kirrmann, Jacob, Compt. rend. 203, 1528-1529 (193(>). (35) Chem. Fabrik 

Dr. J. Wiernik & Co., Ger. 676,002, Oct. 16, 1934; Cent. 1935, I 440, C.A. 29, 890 (1935). (36) 

Chem. Fabrik Dr. J. Wiernik & Co., Ger 583,852, April 27, 10.34, Cent 1934, II 283. (37) 

Mossini, Boll. chim. farm 77, 673-574 (1938); Cent. 1939, I 1530, C A 33, 1875 (1939). (38) 

Rychterowna, Wiadomoaci Farm. 61, 95-97 (1934); Cent 1934, II 3047; C A. 28, 2083 (1934). 
(39) Callsen (to I.G.), Ger. 442,719, April 6, 1927; Brit. 257,816, Sept. 30, 1920, Cent. 1927, I 
2950. (40) Hofmann-La Roche & Co., Ger. 151,188, May 11, 1904, Cent. 1904, I 1500. 

(41) Banti, Gazz. chim. ital. 59, 819-824 (1929), Cent. 1930, I 1292, C.A. 24, 1032 (1930). 
(42) Passerini, Ragni, Gazz. chim. ital. 04, 910-912, 916-917 (1934) ; Cent. 1935, II 44; C.A. 29, 3322 
(1935). (43) Aldrich, J. Am. Chem. Soc. 37, 2720-2723 (191.5). (44) Aldrich, /. Am. Chem. Soc. 

42, 1502-1607 (1920). (45) Aldrich (to Parke, Davis & Co), US. 1,443,552, Jan. 30, 1923; 

Cent. 1023, IV 802. (46) Aldrich, Planner, J. Am. Chem. Soc 44, 1759-1762 (1922). (47) 

Aldrich (to Parke, Davis & Co.), U.S. 1,461,367, April 10, 1923; Cent. 1925, II 1803. (48) 

Yoder, J. Am. Chem. Soc. 45, 478 (1923). (49) Dox, Yoder (to Pjirko, Davis & Co.), U.S. 

1,658,231, Feb. 7, 1928; Cent. 1928, 1 1914. (50) Price, Marshall, J. Org. Chem. 8, 532-536 (1943) . 


3:2675 l,3-DICHLORO-2,2-dis(CHLORO- CH^Cl CsHgCU Beil. I - 141 
METHYL)PROPANE I ^ Ii— 

(Pentaerythrityl tetrachloride) ^‘^^2 C CH 2 CI l2-(104) 

CJH2CI 

M.P. 97® (1) (2) (3) (5) B.P. 110® at 12 mm. (1) (2) 

100® at 12 mm. (5) 

Colorless cryst. with camphoraceous odor. — Sublimes; eas. volatile with steam. 

Insol. aq. 

[For prepn. of C from pentaerythritol (1 : 5850) with 4 moles SOCI 2 + 4 moles pyridine 
(3) cf. (4) (5) or with cone. HCl in s.t. at 150® followed by PCI 3 ( 2 ) or on htg. the trichloro- 
hydrin ( 1 ) with PCU at 150® see indie, refs. ( 1 ).] [Note that pentaerythritol (1:6850) 
on htg. in s.t. with cone. HCl at 120-180® gives ( 1 ) a mixt. of mono-, di-, and trichloro- 
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hydrins: the monochlorohydrin, (H0CH2)3C.CH2C1, m.p. 141°, b.p. 190° at 12 mm., is 
sol. in aq.; the dichlorohydrin, (HOCH2)2C(CH2CI)2, m.p. 95°, b.p. 160° at 12 mm., is 
sol. in aq. + CeHe; the trichlorohydrin, HOCH2— C=(CH2C1)3, m.p. 80°, b.p. 136° at 
12 mm., is sol. in CeHe 4* pet. ether (1); note also that pure dichlorohydrin has recently 
(6) been reported as m.p. 79-80°.! 

8:2675 <1> Fecht, Ber. 40, 3888-3889 (1907). (2) Wagner. Dengel, Z. physik. Chem. B-16. 384 

(1932). (3) Ballaiis, Wagner, Z. phyaik. Chem. 173 (1939) . (4) Govaert, Hansens, Beyaert, 

Veral. gewone Vergadenng Afdeei. Naturkunde 52, 135-137 (1943); Cent. 1943, II 1358; C.A. 88, 
5201 (1944). (5) Mooradian, Cloke, J. Am. Ch^. Soc. 67, 943 (1945). (6) Rapoport, J. Am, 

Chem. Soc. 68, 341 (1946). 


3:2690 2-CHLOROR£SORCmOL 


M.P. 97-98° u.c. (1) 
94° (2) 



C6H6O2CI 


BeU. S.N. 554 


[See also ^-chlororesorcinol (3:3100) and d-chlororesordnol (3:3530).] 

Colorless cryst. purified by sublimation. 

[For prepii. of C from 2,4-dihydroxy-5-nitrobenzoic acid (5-nitro-/3-resorcylic acid) 
[Beil. X-382, Xi-(179)] via chlorination with SO2CI2 in AcOH to 3-chloro-2,4-hydroxy-5- 
nitrobenzoic acid, reduction of the latter with SnCl2/HCl in AcOH to 3-chloro-2,4-dihy- 
droxy-5-aminobenzoic acid, with final removal of the amino group by diazotization and 
use of alk. SnCl2, see (1) ] 

[C is formed in small amt, together with 4-chlororesorcinol (3:3100) from resorcinol 
(1 : 1530) by actn. of A',iV-dichlorourea (2).] 

[Note that attempts (3) cf, (1) to prepare C from 2-aminoresorcinol [Beil. XIII-782] 
by diazotization and use of Sandmeyer reactn. have failed because the actn. of nitrous 
acid yields 4-nitroso-2-diazoresorcinol.] 

[The prod., m.p. 89°, b.p. 255-256°, obtained (4) from resorcinol (1 : 1530) with SO2CI2 
in ether may have contained C.] 

3:2696 (1) Milligan, Hope, J. Am. Chem. Soc. 63, 544 (1941). (2) Likhosherstov, J. Gen. Chem. 

(U.S.S.R.) 3, 164-171 (1933); Cent. 1934, I 1476; C.A. 28, 1675 (1934). <3) Likhosherstov, 
Zhabotinskaya, J. Gen. Chem. (U.S.S.R.) 2, 761-769 (1932); Cent. 1933. IT 1180; C.A. 27, 2677 
(1933). (4) Reinbard, J. prakt. Chem. (2) 17, 322-325 (1878). 


3:2700 2, 3, 4, 6- (or 2, 3, 6, 6-) 
TETRACHLORO- 
BENZALDEHYDE 


M.P. 97-98° (1) 



BeU. Vn — 
vni-(134) 


Ndls. from pet. ether. —Eas. sol. ether, CsHg, or CHCls; spar. sol. ale. or pet. ether; 
insol. aq. 

[For prepn. of C from 2,3,4,6-tetrachlorobenzal (di)chloride (3:6980) by hydrolysis 
with cone. H2SO4 at 96° see (1).] 
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C with NaHSQs forms the corresp. addn. cpd.; spar. sol. cold aq. (1); for use in sepn. 
of C from 2,3,4,5-tetrachlorobenzaldehyde (3:3140) see (2). 

[For use of C in prcpn. of dyes of the triphenylmcthane series see (3).] 

3:2700 (1) Cassella and Co., Ger. 290,209, Feb. 8, 1916; Cent. 1916, I 396-397, not in C.A. 
(2) Chem. Fabrik Griesheim Elektron, Brit. 251,511, May 27, 1926; Cent. 1926, II 2355; C.A. 
21, 1361 (1927) IVenoh 603,650, April 20, 1926, Cent. 1926, II 2355, not in C.A. (3) Cassella 
and Co., Ger. 302,138, Nov. 28, 1917; Cent. 1918, 1 250; not in C.A. 

3:8705 6-CHLORO-3,4-DIMETHYLPHENOL OH CgHoOCl Beil. VI — 
(6-Chloro-o-4-xylenol) /\ VIi — 

Vl2-(456) 

ClIsJcHs 

CYLz 

M.P. 98° (1) (2) 

Ndls. from It. pet. — Volatile with steam. 

[For prepn. of C from 5-chloro-3,4-dimethylaniline (6-chloro-o-4-xylidine) (1) via diazotiza- 
tion and hydrolysis (yield not stated) see (1); from 6-amino-5-chloro-3,4-dimethylphenol 
(6-chloro-5-amiiio-o-4-xylenol) (2) via diazotization and elimination of original amino 
group using CU2CI2 reaction (unusual) (yield not stated) see (2) ] 

C with CI2 m CHCI3 gives (1) 2,5,6“trichloro-3,4-dimethylphonol (3:4747), m.p. 182.5°. 
The nitration of C has not been reported, and neither of the two possible mononitro 
derivs. nor the corresp. <linitro deriv. is known. 

C in alk. soln. couples with benzenediazonium chloride giving (2) the corresp. azo cpd., 
red ndls. from ale., m.p. 143° (2). 

6-Chloro-3,4-dimethylphenyl acetate: unreported. 

® 6-Chloro*3,4-dimethylphenyl benzoate: m.p. 42° (1). 

3:2703 (1) Hinkcl, J. Chem. Soc. 126, 1853 (1924). (2) Hinkel, Ayling, Bevan, J. Chem. Soc, 
1928, 2532. 


3:8710 2,3,4,6.TETRACHLOROTOLUENE 



C7H4CI4 


Beil. V - 308 
Vi— 
V2-(833) 


M.P. 98.1° cor. <1) 
97-98° (2) (3) 


Ndls. from MeOH. 

[For prepn. of C from 3,4,5-trichIoro-2-aminotoluene (3) or from 2,4,5-trichloro-3- 
aminotoluene [Beil. XII-8721 (2) (3) via diazotization and use of CU2CI2 reactn. see indie, 
refs.; from 3,4,5-trichlorotoluene (3:0580) with CI2 in pres, of Al/Hg (2) (3) or with SO2CI2 
+ .AJCI3 + S (35% yield (1)) see indie, refs.] 

[C at b.p. with CI2 yields <4) 2,3,4,5-tetrachlorobcnzal (di)chloride (3:9397).] 

C on nitration with 6 pts. of a mixt. of 2 pts. HNO3 {D = 1.48) + 4 pts. H2SO4 (D ~ 
1.84) at 105° for ^ hr. (1) yields 2,3,4,5-tetrachloro-6-nitrotoluene, m.p. 159.6° cor. (1), 
159° (3). 


3:2710 (1) Silberrad, J. Chem. Soc. 127, 2682-2683 (1928). (2) Cohen, Dakin, J. Chem. Soe. 

86, 1280, 1285 (1904). (3) Cohen, Dakin, J. Chem. Soc. 89, 1463-1465 (1906). (4) Chem. 
Fabrik Griesheim-Elektron, Brit. 251,611, May 27, 1926; French 603,660, April 20, 1926: Cent. 
1926, II 2366. 
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3:2725 4-CHLOROPHTHALIC 
ANHYDRIDE 


O 

h 

h 


CsHsQsCl 


M.P. 98.5® (1) 

98® (2) (3) (4) <13) 

97® (5) 

96-97® <6) 

95° (7) (8) 

90-94® (3) 

[5ee (dso 4Hihlorophthalic add (3:4390).] 


BeU. XVn - 483 
XVni-(253) 


B.P. 294.5® cor. at 720 mm. <6) 
297° <3) 

291-295® (3> 

286-290® (4) 

287® at 760 mm. (2) 


Cryst. from CCU (.5) (4), from AC2O (2), from ether, or from ale. (For crystallographic 
coasts, see (2).) — Eas. sol. ale., ether, CHCI3; less sol. CS2; spar. sol. Igr. 

[For use of C with glycerol or ethylene glycol m prepn. of glyptal type resins see (26).] 
[For prepn. of C from 4-chlorophthalic acid (3:4390) by htg. or sublimation (6) (7) 
(8) (1) (9) or by htg. with AcCl (2) see mdic. refs.; from NaHA with cone. H2SO4 at 300® 
see (10); from phthalic anhydride (1:0725) with 012 in pres. of Fe or Fe salts at 160-260® 
see (11) (note that crude C obtd. by chlorination methods or from 4-chlorophthalic acid 
obtd. by chlorination methods may cont. dichlorophthalic anhydrides from which C is 
separable by its greater soly. in toluene (4)); from 4-nitrophthalic anliydride [Beil. XVII- 
486, XVIIi-(25b)] with CI2 at 240° see (12) ] 

[C with CI2 in fumg. H2SO4 in pres, of I2 gives (13) mixt contg. much 3,4-dichlorophthalic 
anhydride (3:3695), m.p. 120-121°, b.p. 329®, and little 4,5-dichlorophthalic anhydride 
(3:4830), m.p. 187°.] 

[C with SOCI2 4- ZnCl2 in s.t. at 240® yields (27) 4-chlorophthalyl (di)chloride [Beil. 
1X^17], b.p. 275-276° (6) 1 

[C in MeOH satd. with dry HCl yields (6) dimethyl 4-chlorophthalate, ndls. from Igr., 
m.p. 38® (5), m.p. 37° (6), b.p. 186-187° at 32 mm. (5); C in EtOH simUarly gives (6) 
diethyl 4-chlorophthalate, b.p. 173-174° at 16 mm. (14), 300-305° (6).] 

C fused and treated with dry NH3 gas (6) or C htd. with urea (28) yields 4-chlorophthali- 
mide [Beil. XXI-503, XXli-(391)], m.p. 210-211° (6) (3). [Ring opening of this prod, 
with NaOCl yields (9) 3 pts. 4-chloro-2-aminobcnzoic acid (4-chloroanthranilic acid) 
[Beil. XIV-365, XIVi-(548)], m.p. 235-236° (9), and 1 pt. 5-chloro-2-aminobenzoic acid 
as “ anhydride,” m.p. 178-179° (9).] [For use of 4-chlorophthalimide in prepn. of pig- 
ments of phthalocyanine type see (28).] 

[C fused with aminoacetonitrilc hydrochloride or sulfate yields (15) 4-chlorophthali- 
midoacetamide, ndls. from hot aq., m p. 241® (15); C htd. with methyleneaminoacetonitrile 
until evoln. of CH2O ceases yields (15) 4-chlorophthalimidoacetonitrile, ndls. from dil. 
AcOH, m.p. 146.5° (15); C htd. with glycine yields (15) 4-chlorophthalimidoacetic acid, 
yel. pi. from hot aq. or dil. ale., m.p. 205® (15).] 

[C with 2 moles phenol htd. with ZnCl2 at 115-130® for 48 hrs. as directed (2) gives 76% 
yield phenol (di)chlorophthalein, m.p. 214-233®, and prob. a mixt. of isomers; C with 
resorcinol htd. with trace cone. H2SO4 yields (6) a prod, behaving as dichlorofluorescein. 
— Note, however, that C with hydroquinone (1 : 1590) + AICI3 -H NaCl htd. at 200-220® 
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(4) or C with p-chlorophenol (3:0475) + fumg. H 2 SO 4 + HsBOs htd. 20 hrs, at 175-195® 
gives (95% yield <4)) 6-chioro-l,4-dihydroxyanthraquinone (6-chloroquinizarm), this, 
from toluene, m.p. 188® (diacetatc, m.p, 213®, dimethyl ether, m.p. 168.5° (4)).] 

[C with CeHe + AlCls yields ( 6 ) (3) 4 -chloro- 2 -(benzoyl)benzoic acid [Beil. X-750, 
Xi- (356)1, cryst. from xylene, m.p. 180.5® (3), from CsHe, m.p. 170® ( 6 ) (this on ring 
closure with cone. H 2 SO 4 at 160-170® for 10 min. gives 2 -chloroanthraquinone (3:4922), 
m.p. 204® (3). — C with chlorobenzene (3:7903) + AICI 3 yields (3) (17) 4-chloro-2-(p>- 
chlorobenzoyl)benzoic acid [Beil. Xi-(357)], cryst. from xylene, m.p. 195.5° (3) (this on 
ring closure as above gives (3) 2 , 6 -dichloroanthraquinone [Beil. VII-788, VIIi-(413)], 
m.p. 278® (3)). — For similar condensations of C + AICI 3 with yxlichlorobenzene see (3), 
with bromobenzene see (18), with naphthalene see (25) (19), with toluene see (19) (20), 
with perylene see (21) (22), with 2,2'-dinaphthyl see (23) ] 

[For use of C in prepn. ot pigments of the phthalocyaninci type see (24) (28).] 

C on warming with aq. readily hydrolyzes; C on saponification with standard alk. (Sap. 
Eq. =» 91.3) followed by acidification yields 4-chlorophthalic acid (3:4390) q.v. 

3:2725 (1) Miersch, Ber. 25, 2116 (1892). (2) Blicke, Smith, J. Am. Chem. Soc. 51, 1871-1872, 

1874 (1929). (3) Egerer, Meyer, Monatsh. 34, 81-83, 86, 90 (1913). (4) Waldmann, J. prakt. 

Chem. (2) 126, 254-265 (1930). (5) Ayling, J. Chem. Soc. 1929, 255 (6) Il6c, Ann. 233, 236- 

240 (1886). (7) A16n, Bull aoc. chim. (2) 36, 434 (1881). (8) Claiia, Dehne, Ber. 15, 320 (1882). 

(9) Moore, Marrack, Proud, J. Chem. Soc. 119, 1788-1789 (1921). (10) Scottish Dyes, Ltd., 

Bangham, Thomas, Brit. 347,666, May 28, 1931; Cetit. 1931, II 1195. 

(11) Dvornikoff (to Momsanto Chem. Co.), U.S. 2,028,383, Jan. 21, 1936; Cent. 1936, I 2830; 
C.A. 80, 1394 (1936). (12) Imperial Chem. Ind., Ltd., Shaw, Thomas, Brit. 357,165, Oct. 16, 

1931; Cent. 1931, II 3663. (13) Villiger, Ber. 42, 3594 (1909). (14) von Braun, Larbig, Kredel, 

Ber. 56, 2338 (1923). (15) Stephen, J. Chem. aSoc. 1931, 871-873. (16) Scottish Dyes, Ltd., 

Bangham, Hooley, Thomas. Brit. 339,589, Jan. 8, 1931, Cent. 1932, 1 2095, C.A. 25, 2859 (1931). 
(17) Mliller (to LG.), Ger. 495,447, April 7, 1930; Cent. 1031, 1 1675. (18) Waldmann, J. prakt. 

Chem. (2) 126, 74-75 (1930). (19) B.A S.F., Ger. 234,917. May 26, 1911; Cerit. 1911, II 114. 

(20) B.A.S.F., Ger. 211,927, July 14, 1909; Cent. 1909, II 396. 

(21) Zinke, Gorbach, Shimka, MofuUsh. 48, 693-598 (1927). (22) Nawiasky, Grosskinsky 

(to I.G.), Ger. 642,650, March 11, 1937; Cent. 1937, 1 5057. (23) Neroshoimer, Kacer (to I.G.), 

Ger. 565,425, Nov. 30, 1932; Cent. 1933, 1 1358. (24) Imperial C’hem. Ind., Ltd , French 808,845, 

Feb. 16, 1937; Brit. 464,126, April 12, 1937; Cent. 1937, II 3820; C.A. 31. 6265 (1937). (25) 
Schwenk, Waldmann, J. prakt. Chem. (2) 128, 320—326 (1930). (26) Kogan, Ponomarenko, 
Org. Chem. Ind. {U.S.S.R.) 7, 382-385 (1940); C.A. 35, 4118 (1941). (17) Kjaides (to Monsanto 

Chem. Co.), U.S. 1,951,364, March 20, 1934; Cent. 1934, II 333. (28) Imperial Chem. Ind., Ltd., 

Heilbron, Irving, Linstead, Thorpe, Brit. 410,814, June 21, 1934; French 763,993, May 12, 1934; 
Cent, 1935, 1 1305. 

3:2760 a-CHLOROCROTONIC ACID CH 3 — O— H C 4 H 6 O 2 CI Beil. U. - 414 

«ron»-2-Chlorobuten- |._rnnTT ni-(189) 

2^ic a«id) Cl-C-COOH n,.(395) 

M.P. 99.6-100° (1) (16) B.P. 219° (10) (11) 

09-100° (2) (3) 111-112° at 14 mm. (11) 

09-90.6° (6) 

09.6° (4) 

00.2° (5) (26) 

99° (7) (12) (27) 

98.6-09° (8) (11) 

97-08° (17) 

97.6° (9) (20) 

06 ° ( 10 ) 

[5ee also a<hloroisocrotonic acid (3:1615).] 
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Ndls. from aq. <4) (20) or pet. eth. (8). — C is sol. in 47.1 pts. aq. at 19® (13); 100 pts. 
satd. aq. soln. at 12.5® cont. 1.97 pts. C (9). — C is less (9) (5) volatile with steam than 
the isomeric a-chloroisocrotonic acid (3:1615). — Eas. sol. ale. or ether (10). — Readily 
sublimes (10). — Note that the m.p, of mixts. of C with |8-chlorocrotonic acid (3:2625) 
is depressed far below either (4). 

{For thermal anal, of system C + 2,6-dimethylpyrone see (12); with cone. H2SO4 sec 
(14).] 

Preparation. For prepn. of C from a,a,/3-trichloro-n-butyric acid (3:1280) [itself 
readily obtd. from a,a,/3-trichloro-n-butyraldehyde (butylchloral) (3 : 5910) by oxidn. with 
HNO3] by removal of two halogen atoms with Zn dust + aq (83% 3deld on initial butyl- 
chloral hydrate (3)) (10), or with Zn + HCl (15), see indie, refs.; from the higher-melting 
form of o£,j8-dichloro-n-butyric acid (“ isocrotonic acid dichloride (3: 1903) by s{ditting 
out HCl with ale. KOH see (17) (18); from the lower-melting form of a,/3-^chloro-w- 
butyric acid (“ crotonic acid dichloride ”) (3:1375) by splitting out HCl with excess aq. 
NaOH (5) (18) or with pyridine at 100® for 3 hrs. (4) or with 1% AmsN refluxed at 160- 
180® for 16 hrs. (85% yield (28)) (note, however, that with NaOH the yield is low and 
much of the isomeric a-chloroisocrotonic acid (3:1615) is formed); from a-chloro-/5-hy- 
droxy-n-butyric acid [Beil.^ 1II-309, 310] by elimination of H2O with warm 80% H2S04 
see (17).] 

[For prepn. of C from a,a,/3-trichloro-n-butyraldehyde (butylchloral) (3:5910) by 
simultaneous oxidn. and elimination of HCl with aq. K4Fe(CN)6 (yield 44.3% (3)) (19) 
see indie, refs ] 

[For formn. of C from crotonic acid (1:0425) by actn. of CI2 and distillation of product 
see (20); from a-chloroisocrotonic acid (3:1615) by htg. in s.t. at 150-160® for 12 hrs. (21), 
with pyridine HCl in pyridine 7 days at room temp. (4), or to small extent even on steam 
distn. (22) see indie, refs.; from the methyl, ethyl, or n-propyl esters of a-chloro-a-vinyl- 
acetic acid or from a-<'hloro-a-vinylacetomtrile (or amide) on hydrolysis with alkali (note 
shift of double bond from /3,7 to a,/3 position) see (11); from ethyl a-chlorocrotonate 
(3:8523) by hydrolysis with cone. HCl see (23).] 

Chemical behavior. [C on reduction with Na /Hg is dehalogenated yielding (10) crotonic 
acid (1:0425), m.p. 72®; note, however, that C does not readily absorb H2 even in pres, 
of Pt black (11).] 

C with CI2 in CvSs adds 1 mole halogen yielding (24) a,a,/3-trichloro-n-butyric acid (3:1280), 
m.p. 59.5-GO®. — C adds Br2 readily (15) yielding (10) a,/?-dibromo-a-chloro-n-butyric 
acid [Beil. 11-286], m.p. 92® (10). 

C with fumg. HCl in s.t. at 100® for 5 hrs. adds 1 HCl to double bond yielding (17) (18) 
the higher-melting a,/3-dichloro-n-butyric acid (3: 1903), m.p. 78®. 

C behaves as a monobasic acid; dissociation const, at 25® is 7.2 X 10"^ (25); Neut. Eq. 
120.5. 

[Salts: NH4A, Ifts. or hexag. tbls., sublimable (10); NaA (10); KA, Ifts. from ale. in 
which it is spar. sol. (1 pt. KA in 736.4 pts. 99% ale. at 16.5® (5)) (use in sepn. of C from 
the isomeric a-chloroisocrotonic acid (3:1615) (4) (18) (17)); AgA, ndls., spar. sol. aq. 
(10) (17); CaA2, pr. spar. sol. cold aq. (10) (17); BaX.2, more sol. aq. than CaA2 (10) (17); 
CuA 2, blue ndls., converted by w’^arm aq. to a basic salt (10); PbA2.H20 (10).] 

[C with NaOEt is unchanged even at 215® (20), but C with 10 AT KOH at 190-200® 
decomposes with formn. of AcOH (1 : 1010), oxalic acid (1:0445), CO2 + H2 H- other prods. 
( 20 ).] 

[For study of rate of reactn. of C with K3ASO3 see (2).] 

[C with PCIb on warming gives (10) a-cWorocrotonoyl chloride, liq. with sharp odor, 
b.p. 142® (10).] 
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Methyl a-chlorocrotonate: b.p. 161-162° (see 3:5870). [For study of rate of 

esterification of C with MeOH see (26) (27).] 

Ethyl a-chlorocrotonate: b.p. 176° (see 3:8523). 

® a-Chlorocrotonamide: Ifts., spar. sol. cold aq., eas. sol. ale.; m.p. ^113.5° (8), 111.5- 
112.5° (11), 107° (10). [From a-chlorocrotonyl chloride (above) (10) or ethyl a- 
chlorocrotonate (11) with cone. aq. NH4OH; also by other routes such as from a,a,^- 
trichloro-n-butyraldehydc (3:5910) with NII4OH + KCN (93% yield (8)).] 

a-Chlorocrotonanilide: unreported. 

a-Chlorocroton-a-naphthalide: unreported. 

8:2760 (1) Stelling, Z. physik. Chem. B-24, 423 (1934). (2) Barker, van Oosten, i?ec. trav. 

chim. 59, 57-58 (1940). (3) Roberts, J. Chem. Soc. 1938, 779. (4) Pfeiffer, Ber. 43, 3041-3042. 

3045-3046 (1910). (5) Wislicenus, Ann. 248, 288, 293, 295 (1888). (6) Wisliceniis. Ber. 20. 

1008-1010 (1887). (7) von Auwers, Ber. 56. 724 (1923). (8) Chattaway, Irving, J. Chem. Soc. 

1929, 1046. (9) Kahlbaum, Bar. 12, 2338-2339 (1879). (10) Sainow, Ann. 164, 94-106 (1872). 

(11) Rambaud, Bull. soc. chim. (6) 1, 1352-1355 (1934). (12) Kendall, J. Am. Chem. Soc. 38, 

1232 (1914). (13) Michael. Browne. Am. Chem. J. 9, 284 (1887). (14) Kendall, Carpenter, 

J. Am. Chem. Soc. 36, 2605 (1914). (15) Kramer, Pinner, Ann. 158, 51 (1871). (16) Pinner, 

Ber. 8. 1563 (1875). (17) Melikoff, Ann. 234, 200, 203-204 (1886). (18) Michael, Schulthess, 

J. prakt. Chem. (2) 46. 256, 260-262 (1892). (19) Wallach, Ber. 16, 1530 (1877). (20) Friedrich, 

Ann. 219, 351-356. 371-373 (1883). 

( 21 ) Michael, Pendleton, J. prakt. Chem. (2) 38, 4 (1888). (22) Wislironus, Ann. 248, 337 

(1888). (23) Wallach, Ann. 173, 301 (1874). (24) Valentin, Ber. 28, 2601-2662 (1895). (25) 

Ostwald, Z. physik. Chem. 3, 244 (1889). (26) Sudborough, Roberts, Chem. Soc. 87, 1845- 

1846 (1905). (27) Michael, Oerhslin, Ber. 42, 322 (1909). (28) Long (to Wingfoot Corp.), 

U.S. 2,376,067, May 15, 1945, C.A. 39. 3550 (1945). 


3:2800 6-CHL0R0.2-HYDR0XY- 
BENZALDEHYDE 

(5-ChIorosalicylaldehyde) 



C 7 H 5 O 2 CI 


Beil. Vni-53 
VIIIi— 


M.P. 100° (1) B.P. 10.5° at 12 mm. (1) 

99.6° (2) (3) (4) 

(5) (11) 

99° (6) (7) 

98° (8) 

95-97° U.C. (9) 

Colorless tbls. from ale.; long flat ndls. from CeHe (1). — Insol. aq.; sol. ale., ether. — 
Sol. in alk. with yel. color. 

[For prepn. of C from salicylaldehyde (1:0205) by chlorination with CI2 (10) (11) 
in AcOH (2), or with SO2CI2 (1) (8), see indicated refs.; from 5-chloro-2-hydroxybenzyl 
alcohol by oxidn. with K2Cr207 -f H2SO4 see (6); from 5-chlorosaIicylic acid (3:4706) 
by reduction (poor yield) sec (3); from p-chlorophenol (3 : 0475) via Reimer-Tiemanii reactn. 
(4) or via hexamethylenetetramine (7) see indicated refs.) 

C on reduction with Raney Ni (Al/Ni alloy) in 10% aq. alk. at 90° gives (76% yield 
(16)) o-cresol (1:1400). 

C on oxidn. with CrOa gives (in poor yield (1)) 5-chlorosalicylic ac. (3:4705), m.p. 
172° (1). 

C yields with satd. aq. NaHSOa soln. a cpd. C.NaHSOa (12) (use in purification of C 
(4)). — C with NH3 gives 5,5',5^'-trichloro-hydrosalicylamide, yel. scales from ether, m.p. 
unrecorded (10). — C in alk. gives on oxidn. with H2O2 good yield (13) of 4-chloropyro- 
catechol (3:2470). 
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C in AcOH treated with cone. HNO 3 as directed (14) gives 5-chloro-3(?)-nitro8alicylaldc- 
hyde, yel. ndls. from et. pet., m.p. 105-107® (14). 

C htd. with chloroacetic ac. (3:1370) and slightly more than 2 moles KOH in s.t. at 
160® yields (15) 4-chlorocoumarone (oil, volatile with steam) and 5-chloro-2-formyl- 
phenoxyacetic ac. (not volatile with steam from alk. soln.), cryst. from aq., m.p. 169- 
170® (15). 

® 6-ChlorosaUcylaldoxime: ndls. from aq., m.p. 128® (15) (7); 123-124® (9); 122®. 
(11) (6) [use in inorganic analysis (9)]. 

® 5-Chlorosalicylaldehyde phenylhydrazone [Beil. XV-189]: m.p. 150-152° (15), 148° 

( 11 ). 

6-Chlorosalicylaldehyde />-nitrophenylhydrazone: unreported. 

5-Chlorosalicylaldehyde 2,4-dmitrophenylhydrazone: unreported. 

® 6-Chlorosalicylaldehyde semicarbazone: ndls. from AcOII, m.p. 286-287° (11) (4). 

3:2800 (1) Durrans, J. Chem. Soc. 123, 1426 (1923). (2) Bradley, Dains, Am. Chem* J. 14, 296 
(1892). (3) Weil, Traun, Marcel, Ber. 55, 2065 (1922). (4) Sen, Ray, J. Indian Chem. Soc. 9, 

176 (1932). (5) IlaiiuB, J. prakt. Chem. 158, 205 (1941). (6) Visser, Arch. Pharm. 235, 647 

(1897). (7) Duff, ./. CAem. iSoc. 1941, 547-550. (8) Peratoner, ctoi t/aZ. 28, 1, 235 (1898). 
(9) Flagg, j^irnian, Ind. Eng. Chem., Anal. Ed. 12, 629-631 (1940). (10) Pina, Ann. 169 

(1839). 

(11) Biltz, Stopf, Ber. 37, 4024 (1904). (12) Bertagnini, Ann. 86, 190 (1863). (13) Dakin, 
Am. Chem. J. 42, 488 (1909). (14) Lovett, Roberts, J. Chem. Soc. 1928, 1978. (15) Stoermer, 
Ann. 312, 325-320 (1900). (IG) Schwenk, Papa, Whitman, Giiibherg, J. Org. Chem. 9, 1-8 
(1944). 

3:2825 i^-XYLYLENE DICHLORIDE C 8 H 8 CI 2 Beil. V - 384 

(<o,w'-Dichloro- 7 >-xylone) CICH 2 — N— CILCl Vi-(186) 

^ ^ “ V2-(300) 

M.P. 100® (1)(2) B.P. 240-245° dec. (2) 

98-99° (3) 135° at 16 mm. (1) 

98-100° (6) 

Lft,s. or this (from ale.). — Volatile with steam. 

[For prepn. from /i-xylylene glycol by distn. with cone. HCl see (4); for prepn. from 
benzyl chloride (3:8535) + trioxymethylene + ZnCh see (11 (42% yield (6)); for prepn. 
of C from p-xylene (1:7415) with SO 2 CI 2 + Br202 refluxed in sunlight 4 hrs. (58% yield) 
see (6).] 

C on htg. with 30 pts. aq. in s.t. at 170-180° yields (1) (4) 7 ?-xylylcne glycol [Beil. VL 
919], ndls., very sol. aq., ale. or ether, ra p 112-113°. 

C boiled with Pb(N 03)2 soln. yields (5) terephthalaldehyde [Beil. VII-675], fine ndls. 
from boilg. aq., m.p. 115°. 

C htd. with benzyl ale. (1:6480) -f KOII gives good yield (1) of p-xylylene glycol 
dibenzyl ether, cryst. from ale., m.p. 67° (1). 

3:2825 (l) Quelet, Bull. soc. chim. (4) 53, 222-229 (1934). (2) Laiith, Grimaux, Bull. soc. chim. 
(2) 7, 235 (1867); Ann. 145, 117-118 (1868). (3) Wislicenus, Peimdorf, Ber. 43, 1838 (1910). 
(4) Grimaux. Ann. 155, 339-340 (1870). (5> Grimaux, Compt. rend. 83, 826 (1876). (6) Kulka, 

Can. J. Research 23-B, 106-110 (1945). 
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3:2855 2,8-DICHLOROBENZO- 
QUINONE-1,4 
(o-Dichlorobenzoquinone) 

M.P. 100-101** (1) 

96-98° (2) 

96° (3) 

95-96° (4) 

[8ec also 2yS-dicMorohydroquinone (3:4220).] 

Yel. ndls. from aq. (2) or ale. (1). — C has characteristic quinone odor. 

[For prepn. of C from 2,3'dichlorohydroquinone (3:4220) by oxidn. with Mn02 -f dil. 
H2SO4 (yields: 88% (1), 60% (3)) (4), or with CrOs/AcOH (2) see indie, refs.; for formn. 
of C from p-benzoquinone (1 : 9025) in HCl or H3PO4 with CI2 see (6).] 

(For study of oxidn.-reductn. potential of system C + 2,3-dichlorohydroquinone (3:4220) 
see d) <5)1 

[C with butadiene-1,3 gives an adduct which upon oxidn. yields (7) 2,3-dichloronaphtho- 
qumone-1,4 (3:4857); similarly C with 2,3-dimethylbutadiene-l,3 gives an adduct which 
upon oxidn. yields <7) 2,3-dichloro-6,7-dimethylnaphthoquinone-l,4.] 

[For use of C as accelerator for vulcanization of rubber see (8).] 

[C in ale. with p-nitrosodimethylaniline gives (60% 3rield <9)) corresp. nitrone; for 
condens. of C with other nitroso cpds. and use of prods, as dye intermediates see <10).] 

[C in CHCI3 with CI2 is not attacked at low temps., but at ord. temp, yields (4) tetra- 
chloro-p-benzoquinone (chloranil) (3:4978).] 

C on reductn. (presumably with SO2 *f H2O) yields 2,3-dichlorohydroquinone (3:4220) 
q.v. 


C6H2O2CI2 


BeU. Vn-632 
vni— 


3:2866 (l) Conant, Fieser, J, Am. Chem. Soc. 46 , 2204-2205 (1923). (2) Eckert, Ender, J. 

prakt. Chem. (2) 104 , 82 (1922). (3) Peratoner, Genco, Gazz. chim. ital. 24 , II 376-396 (1894). 

(4) Oliveri-Tortorici, Gazz. chim. ital. 27 , 11 584-585 (1897). <6) Kvalnes, J. Am. Chem. Soc. 

66 , 668-669 (1934). (6) Chelintsev, Compt. rend. acad. sd. {U.S.S.R.) 14 , 289-291 (1937); 

Cent. 1937 , II 381 ; C.A. 31 , 7350 (1937). (7) I.G., Brit. 324,661, Feb. 27, 1930; French 677,296, 

March 6, 1930; French 677,781, March 14, 1930; Cent. 1930 , II 810. (8) Fisher (to Naugatuck 

Chem. Co.), French 740,978, Feb. 3, 1933; Cent. 1933 , 1 3133. (9) Gtindel, Pummerer, Ann. 629 , 

31 (1937). (10) Giindel (to I.G.), Ger. 663,968, Nov. 11, 1932; Cent. 1933 , II 619. 


3:2885 3,4,5-TRICHLOROPHENOL OH CeHaOCla 


Clis^Cl 


M.P. 101° (1) <4) B.P. 271-277° u.c. at 746 mm. (3) 

99-100° (2) 

91° <3) 


Beil. VI — 
VIi- 
Vl2-(181) 


Ndls. from Igr. — Volatile with steam. — Ionization const, at 25° is 4.5 X 10“® (4); 
C is too weakly acidic to be titrated (1) although sol. in alk. 

(For prepn. from 3,4,5-trichloroaniline via diazo react. (51% yield) see (1) (2); by cleavage 
of 3,4,5-trichloroanisole see (3).] 
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C treated with large excess Br 2 yields 2,6-dibroino-3,4,5-trichlorophenol, ndls. from 
AcOH, m.p. 180® (3). 

The methyl ether of C, 3,4,5-trichloroanisole, prepared indirectly, has m.p. 63° <3). 

® 3,4,6-Trichlorophenyl benzoate: from C -f BzCl + 20% NaOH; ndls. from ale., 
m.p. 120° 13). 

8:2885 (1) Tiessens, Rec. trav. chim. 50 , 113 (1931). (2) Herzberg, Scharfenberg, Ger. 367,362, 

Jan. 20, 1923; Cent. 1923 , II 1254. (3) Kohn, Kramer, MonaUh. 49 , 163-165 (1928). (4) 

Tiessens, Rec. trav. chim. 48 , 1066-1068 (1929). 


3:2910 4,6-DICHLORO-2- 

OH 

C7HeOCl2 

BeU. VI — 

METHYLPHENOL 

(^CHs 


VIi-(174) 

(4,6-Dichloro-o-cre8ol ) 

cH 


Vl2-(333) 

M.P. 101° (1) 

Cl 


* 


Ndls. from pet. ether; spar. sol. pet. ether, eas. sol. ale., AcOH, CeHe. 

[For prepn. of C from 4-chIoro-2-methylphenol (3:0780) with CI 2 in CHCI 3 see (1).] 

C in 2 pts. ice-cold HNO 3 {D = 1.48) stood for 12 hrs. gives (75% yield (1)) a prod, of 
compn. C 7 H 5 O 8 N 3 CI 2 , white ndls. from dry ether by addn. of pet. ether, m.p. 110 ° dec. ( 1 ). 

C in AcOH on mononitration yields (1) 4,5-dichloro-6-nitro-2-methylphenol [Beil. VI 1 - 
(179)1, yel. ndls. from pet. ether, m.p. 69° (1). 

(P 4,6-Dichloro-2-methylphenyl benzoate: ndls. from CeHe, m.p. 80-81° (1). [From 
C in alk. soln. on shaking with benzoyl chloride (1).] 

3:2919 (1) Zincke, Ann. 417 , 207, 231-233 (1918). 


3:2935 2,3-DICHLORONAPHTHOL-l 

M.P. 101° (1) 



BeU. VI-612 

VIi— 

VI 2 - 


Subl. in ndls.; spar. sol. cold aq., mod. sol. hot aq.; eas. sol. ale., ether, AcOH, CHCls, 
CeHe. 

[For prepn. from sodium l-naphtholsulfonate-2 by htg. with PCU at 100-120° see <1).] 

C dis. in hot Na 2 COs yielding sol. Na salt. 

C htd. with PCU at 130-140° yields 1,2,3-trichloronaphthalene (3:2125), colorless ndls. 
from ale., m.p. 90° (1). 

C on oxidn. in s.t. at 200° with dil. HNO 3 (D = 1.15) yields (1) phthalic ac. (1:0820), 
converted in m.p. tube to phthalic anhydride (1:0725), m.p. 128° (1). 

C on oxidn. with CrOs in AcOH or dil. H 2 SO 4 gives (although in poor yield <!)) 2,3- 
dichloronaphthoquinone-1,4 (3:4857), gold-yel. ndls. (from ale.), m.p. 190°. 


8:2935 (1) Claus. Enyrim, Ber, 18 , 2926-2929 (1885). 
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3:2965 8.CHLORONAPHTHOL.2 Cl C 10 H 7 OCI 

OH 


M.P. 101® U.C. (1) B.P. 307-308° {!) 

101° (2) (3) (5) 

Ndls. from Igr.; very eas. sol. ale., ether, AeOH, CeHe, CHCls; spar. sol. pet. ether. — 
Volatile with steam. — C depresses m.p. of 6-chloronaphthol-2 (3:3500) to 79-88° (5). 

[For prepn. of C from sodium 2-hydroxynaphthalenesulfonate-8 [Beil. XI-286, XIi- 
(67)) with 2 moles PCU at 150-160° see (1) (note that some l,7-(2,8)dichloronaphthalene 
(3 : 1385) is also formed and that its proportion increases with more PCI5 or at higher temps. 

(1) ); from 8-aminonaphthol-2 [Beil. XlII-685] via diazotization and use of CU 2 CI 2 reactn. 
see (2); for formn. of C (20% yield (3)) from /3-naphthol (1 : 1540) by treatment with soln. 
of Na 2 C 03 -h CI 2 see <3) (note that 30% of 2,2'-dihydroxyhinaphthyl-l,l' [Beil. VI-1051, 
VIi-(519)] together with a tar is also formed (3)).] 

[C (2 pts.) with benzaldehyde (1 pt.) with 7 pts. HBr/AcOH soln. stood for 24 hrs. 
gives (75% >neld (2)) weso-phenyl-dichlorodxbenzoxanthane, colorless ndls. from acetone, 
m.p. 213-214.5° (2).] 

[C (as sodium salt) treated with CO 2 under press, at elevated temp, as directed gives 
<4) 8-chloro-2-hydroxynaphthoic acid-3, pale yel. ndls. from hot CeHe, m.p. 250° <4).) 

(P 8-Chloro-2-iiaphthyl m-nitrobenzoate: citron-yel. ndls. from hot CeHe on addn. of 
4 vols. hot ale., m.p. 176° <5). [From C in warm dil. aq. NaOH on shaking with 
m-nitrobenzoyl chloride {5).) 

3:2965 (1) Claus, Volz, Ber. 18, 3157-3158 (1885). (2) Dilthey, Quint, Heinen, /. prakt. Chem. 

(2) 152, 73-75 (1939). (3) Tishchenko, J, Huss. Phys.-Chem. Soc. 60, 153-162 (1928) ; Cent. 1928, 

II 767; C.A. 22, 3397 (1928). (4) Lange, Luce. Jacobs (to I.G.), Ger. 564,128; Nov. 14, 1932; 

Cent. 1933, II 446. (5) Ruggli, Knapp, Meiz, Zimmeimaim, Helo. Chun. Acta 12, 1050 (1929). 

3:2990 ^-CHLOROPHENACYL CHLORIDE C 8 H 6 OCI 2 BeU. VII - 282 

(Chloromethyl p-chlorophenyl \ CTI2C1 VIIi-(162) 

ketone) \ / 

M.P. 101-102° (2) B.P. 270° (1) 

101° <1) 

Ndls. (from ale.). 

[For prepn. from p-ehloroaeetophenone (3:6735) by ehlorination in CS 2 see <1); from 
chloroaeetyl ehloride (3:5235) -f- ehlorobenzene (3:7903) + CS 2 + AICI 3 see ( 2 ).] 

C on oxidn. with alk. KMn 04 yields p-chlorobenzoie ae. (3:4940). 

C on treatment with Br 2 gives (3) «-bromo-p-oMiichloroaeetophenonc, eryst. from ale., 
m.p. 83-83.5° (3). — C with KCN yields (4) p-ehlorobenzoylaeetonitrile, m.p, 129.5- 
130° (4). — C with KSCN yields (4) p-ehlorophenaeyl thioeyanatc, m.p. 138.6-139.2° < 4 ). — 
C with Na 2 S at 60° gives (5) 6 is- (p-ehlorophenaeyl) sulfide, m.p. 121-121.6° ( 5 ). 

C in MeOH treated with NH 2 OH.HCI yields ( 6 ) eorresponding oxime, ehloromethyl 
p-ehlorophenyl ketoxime, m.p. 100.5-101° ( 6 ). [Note that although this deriv. has m.p. 
too similar to that of original C to be used as identifieation itself, upon htg. at 100° with 
cone. H 2 SO 4 and pouring into aq. it is eonverted by Beekmann rearr. to ehloroaeeto-p- 
chloroanilide (Beil. XII-612], m.p. 168° < 6 ), ndls. from ale., m.p. 169° (7).] 



BeU. VI - 649 
VIi— 
Vl2-(604) 
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C (1 mole) in ale. gradually added to phenylhydrazine (2 moles) in ale. with eooling 
ppts. <8) l-phenyl-3-ehlorophenyl-A*-diazene-l,2, yel. ndls. from ale., m.p. 164-164.6® (8). 

3:2990 (1) Gautier, Ann. chim. (6) 14, 395-396 (1888). (2) Collet, Compt. rend. 126, 718 (1897). 

(3) Rabcewicz-Zubkowski, Roczmki Chem. 9, 532-537 (1929) ; C.A. 24, 92 (1930). (4) Rabcewicz- 

Zubkowski, Kaflinska, Roczniki Ckem. 10, 541-569 (1930); C.A. 26, 505 (1931). (5) Chrzas- 

zczewska, Chwalinski, Roczniki Chem. 7, 67-73 (1927), Cent. 1927, II 415; C.A. 22, 1339 (1928). 
(6) Collet, BuU. 80C. chim. (3) 27, 540 (1902). (7) Beckurts, Frerichs, Arch. Pharm. 263, 241 

(1915). (8) BodforsB, Ber. 62, 1762, 1772-1773 (1919). 



CHAPTER VIII 
DIVISION A. SOLIDS 
(3:3000-3:3499) 


3:3005 M-DICHLORO^,4. 

DIMETHYLPHENOL 

(5,6-Dichloro-o-4-xylenol ) 


M.P. 102.5“ (1) 
102 “ ( 2 ) 



C8H8OCI2 


Beil. S.N. 529 


Cryst. from It. pet. — Very sol. most organic solvents. — Volatile with steam. 

[For prepn. of C from 5,6-dichloro-3,4-dimethylanihne (5,6-dichloro-o-4-xylidine) <3) 
via diazotization and hydrolysis (yield not stated) see (1); for formn. of C from 4,5,6- 
trichlofo-l,l-dimethylcyclohexen-4-one-3 with cone. H 2 SO 4 at 110-120° (yield not stated) 
see (2).l 

C with CI 2 in It. pet. readily gives (2) 2,5,6-trichloro-3,4-dimethylphenol (3:4747), 
m.p. 182“. 

The nitration of C has not been reported, and the expected 2-nitro-5,6-dichloro-3,4- 
dimethylphenol is unknown. 

6,6-Dichloro-3,4-dimethylphenyl acetate: unreported. 

(g) 6,6-Dichloro-3,4-dimethylpheiiyl benzoate: m.p. 97.5“ (1), 94“ (2). 

3:3006 (1) Hinkel, Ayling, Bevan, J. Chem. Soc. 1928, 2532-2533. (2) Hinkel, J. ChemrSoc. 

126, 1851 (1924). (3) Hinkel, Ayling, Bevan, J. Chem. Soc. 1928, 1877. 


3:3015 1,3,6-TRICHLORONAPHTHALENE 


M.P. 103“ (1) (2) (4) 

102-103“ (3) 

94“ (8) 



Beil. V - 545 
Vi-(263) 
V2-(446) 


[For prepn. of C from 1,3-diGhloronaphthalenesulfonyl chloride-5 [Beil. XI-163] <4) <5), 
from 1,5-dichloronaphthalenesulfonyl chloride-3 [Beil. XI-182] (1), from l-chloro-5-nitro- 
naphthalenesulfonyl chloride-3 [Beil. XI-1821 <6), or from l-chloronaphthalene-3,5-&i8- 
(sulfonyl chloride) [Beil. XI-215] (7), each with PCI 5 as directed, see indie, refs.; from 1,7- 
dichloronaphthylamine-3 (8) via diazotization and use of*Cu 2 Cl 2 reactn. see (8); for formn. 
of C (together with other products) from 1-nitronaphthalene [Beil. V-553, Vi- (264)1 with 
CI 2 (2) in pres, of I 2 + FeCla (3) see indie, refs.l 
[C treated with ClSOsH in CS 2 and reactn. prod. conv. to K salt as directed <1} yields 
potassium l,3,5-trichloronaphthalenesulfonate-7 (corresp. sulfonyl chloride, m.p. 152“ (1)).] 
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8:3015 (1) Turner, Wynne, Chem. Soc. 1941 , 247, 263. <2) Atterberg, Ber. 9 . 317 (1878). 

(3) Buffle, Corbaz, Arch. 8ci. phya. not. 14 , 149-158 0032) ; Cent. 1938 , II 3394. (4) Widman, 
Ber. 18 , 2230 (1879). <5) Armstrong, Wynne, Chem. News 61 , 274 (1890). (6) Cleve, Chem. 
Ztg. 17 , 768 (1893). <7) Armstrong, Wynne, Chem. News 68 , 162 (1890). <8) Friedlander, 
Karamessinis, Schenk, Ber. 55 , 48-49 (1922). 

3:3045 4-CHLORONAPHTHOL-2 


M.P. 104^^ (1) 

103-104° (2) 

102-103° (2) 

100° (4) 

Ndls. from Igr. or 30% aq. ale. 

[For prepn. of C from l,4-dichloronaphthol-2 (.3:3840) by partial reduction with SnCla 
in AcOH/HCl at 100° in s.t. for 8 hrs. (74% yield (2)) (1) see indie, refs.; from 4-chloro- 
naphthol-2-8ulfonic acid-1 (2) (see also under 3:3840) by hydrolysis of the sulfonic acid 
group (91% yield) see (2); from 4-chloronaphthalene-l,2-diazo-oxide (itself obtd. in 95% 
yield (3) from 4-chloro-2-nitronaphthylamine-l with HNO 2 ) on boilg. with A1 powder in 
EtOH for 19 hrs. (84% yield (4)) or (less advantageously) with Na2Sn02 (4) see indie, refs.) 

NaS. is spar. sol. in cold aq. 10% NaOH (4). 

[C with ale. NaOH + CHCI 3 (3:5050) undergoes Reimer-Tiemann reaction giving 
(but in very small yield (2)) 4-chloro-2-hydroxynaphthaldehyde-l, m.p. 118° <2).] 

C (in alk. soln.) with diazotized aniline gives (4) 4-chloro-l-benzeneazonaphthol-2, 
or -red ndls. from acetone, or crimson ndls. from chlorobenzene, m.p. 165° (4) (note that 
after fusion and resolidification this prod, has m.p. 151° but after a second resolidification 
(at about 155°) remelts on slow htg. at 165° (4)). [For use of C in prepn. of azo dyes by 
coupling with o-hydroxydiazonium salts see (5).] 

4-Chloro-2-naphthyl methyl ether: pi. from It. petroleum, m.p. 44-45° (4). [From 

C with Me2S04 + aq. NaOH (4).] 

© 4-Chloro-2-naphfhyl acetate: pi. from aq. McOH or It. petroleum, m.p. 58-59° (2), 
56° (4). [From C with excess AC 2 O refluxed 30 min. (90-100% yield <2)).] 

(p 4-Chloro-2-naphthyl benzoate: ndls. from ale., m.p. 83-84° (2). 

3:3045 (1) Fries, Schimmelschmidt, Ann. 484 , 293 (1930). (2) Burton, J. Chem. Soc. 1945 , 
280-283. (3) Hodgson, Birtwell, J. Chem. Soc. 1943 , 322. (4) Hodgson, Birtwell, J. Chem. 

Soc. 1943 , 468-469. (5) Herzberg, Wunderlich (to I.G.), Ger. 469,889, May 18, 1928; Cent. 
1988 , II 395; not in C.A. 



C10H7OCI 


BeU. S.N. 538 


3:3070 3,4.DICHLOROB£NZOPHENONE 
(3,4-Dichlorophenyl phenyl ketone) 



C18H8OCI2 


BeU. S.N. 652 


M.P. 104-105° (1) 
102-103° (2) (3) 
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Ciyst. (from ale. (1)). 

(For prepn. (79.5% yield) from o-dichlorobenzene (3 : 6055) + BzOH (1 : 0715) -h AICI3 
see (1); for prepn. from o-dichlorobenzeno (3:6055) + BzCl (3:6240) + AICI3 see (2) 
(3).J 

3,4-Dichlorobenzophenone oxime: m.p. 153-154° (1). [This oxime upon Beckmann 
rearr. with H2SO4 gives (1) 3,4-dichlorobenzanilide which can be hydrolyzed to 3,4- 
dichlorobenzoic ac. (3:4925), m.p 207-208° (1), and aniline.] 

3:3070 (1) Newton, Groggins. Ind. Eng. Chem. 27, 1398 (1935). (2) Boeseken, Rec. 27, 15 (1908). 
(3) Kraay, Rec. trav. chim. 49, 1085 (1930). 


3:3100 4-CHLORORESORCINOL OH C6HBO2CI Beil. VI — 

VIi— 
Vl2-(818) 
OH 


M.P. 105 ° (1) <10) B.P. 259 . 5 ° (2) 

102 ° (2) 255 - 256 ° (4) 

147° at 18 mm. <1} 

The nature of the cpd., m.p. 89°, and formerly (3) thought to be C, is still in doubt, cf. (1). 

C is very sol. in aq. and not volatile with steam (1); eas. sol. aq., ale., ether, CeHe, and 
CS2 <4). 

[For prepn. of C from resorcinol (1:1530) by actn. of SO2CI2 in ether (95% yield (1)) 
see (1) (4).] 

C with FeCls gives a blue-violet soln. becoming brown on warming <4). 

C reduces NH4OH /AgNOa on warming <4). 

C on further chlorination with SO2CI2 (no details) gives (96% yield (1» of 4,6-dichloro- 
resorcinol (3:3380). 

C (10 g.) refluxed with KHCO3 (40 g.) in aq. (50 ml.) for 1)4 hrs. gives (76% yield (5)) 
of 5-chloro-2,4-dihydroxybenzoic acid (6), cryst. from hot aq., m.p. 224-225° cor. (6), 
215-216° (Maquenne bloc) after drying at 100-105° (5) (6). 

C in AcOH treated with xanthydrol (1:5205) yields 4-chloro-2-(?)-xanthydrylre8orcinol, 
cryst. from CeHe, m.p. 215° (7). 

[For studies on prepn. of alkyl ethers of 4-chlororesorcinol for use as antiseptics and 
germicides see (8); for use of C in prepn. of purpurin (1,2,4-trihydroxyanthraquinone) by 
reaction with phthalic anhydride, H2SO4 + H3BO3, see (9).] 

[For coupling of C with diazotized aniline, p-nitroaniline, or p-toluidiue see (11).] 

4-Chlororesorcinol diacetate: m.p. 46-47° (10). 

® 4-Chlororesorcinol dibenzoate: m.p. 66° (10). 

8:3100 (1) Moore, Day, Suter, J. Am. Chem. Soc. 56, 2456-2458 (1934). (2) Likhosherstov, 
J. Oen. Chem. (U.S.S.R.) 3, 164-171 (1933); Cenf. 1934, 1 1476; C.A. 28, 1675 (1934). (3) Clark, 
J. Am. Chem. Soc. 55, 319-320 (1933). (4) lleinhard, J. prakt. Chem. (2) 17, 322-324 (1878). 
(5) Fabre, Ann. chim. (9) 18, 79-81 (1922). (6) Sandin, McKee. J. Am. Chem. Soc. 57, 1077- 
1078 (1935). (7) Ref. 5, pp. 108-109. (8), Read (to Lambert Pharmacal Co.), U.S. 2,036,827, 

April 7, 1936; Cent. 1937, I 697; C.A. 30, 3592 (1936). (9) Lee, Buxbaum (to du Pont Co.), 

U.S. 1,985,452, Dec. 25, 1934; Cent. 1935, II 439; C.A. 29, 1104 (1935). (10) Petyunin, J. Oen. 
Chem. {U.S.S.R.) 14, 203-210 (1944); C.A. 39, 2285 (1945). 

(11) Petyunin, J. Oen. Chem. {U.S.S.R.) 14, 303-311 (1944); C.A. 39, 4060 (1946). 
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3:3130 


3:3130 2.CHLOROHYDRO0UINONE 



C6H602a 


•H 


M.P. 106" (1) <2) (12) B.P. 263" (1) (2) 

106.6"cor. (3) 

104° (4) (5) 

103° ( 6 ) 

102 " (7) 

101 - 102 " ( 8 ) 


BeU. VI - 849 
VIi.(417) 
Vl2-(844) 


\See also S-chlorobenzoquinone-l ^4 (3:1100).] 

Colorless Ifts. from CHCI 3 in which C is eas. sol. hot but spar. sol. cold. — Very eas. sol. 
aq., ale., or ether; sol. in warm CeHe (dif from hydroquinone (1:1590) and use in sepn. 
from latter (1)). — Not sublimable (5). 

[For prepn. of C from 2-(!hlorobenzoquinonC“l,4 (3:1100) by rcductn. with aq. SO 2 
(2) (9) see indie, refs, (note, however, that in dil. aq NaOH under N 2 both reductn. and 
sulfonation occur (10)); from benzoquinone-1,4 (1:9025) with cone. HCl (11) (2) or in 
CHCI 3 with HCl gas (100% yield (12)) (2); from sodium benzoquinonesulfonate (5) with 
cone. HCl below 20° (55% yield (5)) in C(J 2 see indie.' refs.; from p-benzoquinone dichloride 
(2,3-dichlorocyclohexen-5-dione-l,4) [Beil. VlI-573] by reductn. with SnCU + HCl at 0" 
see (4); from hydroquinone (1 : 1590) in CCI 4 with CI 2 see (13).] 

[C is used as a photographic developer under name “ Adurol ” (for identification of C 
in developers see (1)); C forms an addn. cpd. (14) with 2 moles p-(methylamino)phenol 
also used as developer under name Chloranol; for use of C as vulcanization accelerator see 
(15); for use of C as antioxidant (16) and as gum inhibitor in cracked gasoline (17) or in 
aq. emulsion as insecticidal spray (18) see indie, refs.; for study of bactericidal actn. see 
(19).] 

C on oxidn. with NaC 103 + H 2 SO 4 -h V 2 OB in AcOH (92% yield (20)), with K 2 Cr 207 H- 
H 2 SO 4 (yield: 89% (21), 84% (8)) (2), with Mn02 + dil. H 2 SO 4 (56% yield (8)), or with 
Pb02 in CeHe (22) gives 2-chlorobenzoquinone-l,4 (3:1100). [For studies of oxidn.- 
reductn. potential of this system and also for the intermediate quinhydrone see under the 
quinone (3:1100).] 

[For reaotn. of C with phthalic anhydride + cone. H 2 SO 4 at 130-135° see (2); for reactn. 
of C with naphthalene-1, 2-dicarboxylic acid anhydride (23) or with naphthalene-2,3- 
dicarboxylic acid anhydride (24) each fused with AICI 3 4- NaCl see indie, refs.] 

C in AcOH with xanthydrol (1:5205) yields (25) 2-chloro-3-xanthydrylhydroquinone, 
cryst. from CeHe, m.p. 236-237° (25). 

C gives no effervescence with aq. 10% Na^COs but soln. darkens on stdg. (1); C with aq. 
5% AgN 03 scarcely reduces in cold but does so rapidly on warming (1); C with 10% aq. 
FeCla gives red-brown color in cold and on boilg. pronounced quiiione-like odor (1). 

® 2-Chlorohydroquinone diacetate: pr. from dil. ale., m.p. 99° (1) (26), 72° (2), 71-72° 
(27), 70.5° cor. (3). [From C with AC 2 O (2) or AcCl (26).] [Note that a monoacetate, 
m.p. 62° (28) has been reported, but the reason for the wide divergence in the m.p.'s 
reported for the diacetate has not been explained.] 

2-Chlorohydroquinone dibenzoate: fine woolly ndls. from mixt. of ale. -f ether, m.p. 
130° (2). [From C on refluxing with BzCl (2).] 
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8:3136 <1) Clarke, J. Ind, Eng. Chem. 10 , 891-895 (1918). <2) Levy, Scshulta, Ann. 210 , 137- 
144 (1881). <3) van Erp, Ber. 58 , 663-666 (1926). (4) Dimroth, Eber, Wehr, Ann. 446 , 144 

(1926). (6) Seyewetz, Compt. rend. 156 , 902 (1913); Seyewetz, Paris, Bvdl. soc. chim. (4) 13 , 
490 (1913). <6) Schulz, Ber. 15 , 654 (1882). (7) La Mer, Baker, J. Am. Chem. Soc. 44 , 1966, 
1960 (1922). (8) Coriant, Fieser, J. Am. Chem. Soc. 45 , 2201-2202 (1923). (9) Stadeler, Ann. 

60 , 302-309 (1849). <10) Dodgson, J. Chem. Soc. 1030 , 2498-2502. 

(11) Wdhler, Ann. 51 , 155 (1844). (12) Clark, Am. Chem. J. 14 , 571 (1892). (13) von Bramer, 

Zabriskie (to Eastman Kodak Co.), U.S. 1,912,744, June 6, 1933; Cent. 1933 , II 2090. (14) 
Union Phot. Ind. !6tab. Lumicre & Jougla R4unis, Gor. 345,471, Dec. 12, 1921; Cent. 1022 , 
II 604. (15) Fisher (to Naugatuck Chem. Co.), French 740,978, Feb. 3. 1933; Cent. 1033 , I 

3134. (16) Christmann (to American Cyanamide Co.), U.S. 1,806,671, May 26, 1931; Cent. 

1031 , I 1207. (17) Clarke, Towne (to Texas Co.), U.S. 2,023,871, Dec. 10, 1935; Cent. 1036 , 
I 2671; C.A. 30 , 851 (1936). (18) Yates (to Shell Development Co.), U.S. 1,778,240, Oct. 14, 
1930; Cent. 1931 , I 2799; C.A. 24 , 5928 (1930). (19) Cooper, Woodhouse, Biochem. J. 17 , 600- 
612 (1923). (20) Underwood, Walsh, J. Am. Chem. Soc. 68, 646-647 (1936). 

(21) Den Hollander, Rec. trav. chim. 39 , 483-484 (1920). (22) Hunter, Northley, J. Phys. 
Chem. 37 , 885-886 (1933). (23) Waldmann, J. prakt. Chem. (2) 131 , 77 (1931). (24) Wald- 
mann, B&r. 64 , 1721 (1931). (25) Fabre, Ann. chim. (9) 18 , 111-112 (1922). (26) Scheid, Ann. 

218 , 216-217 (1883). (27) Thiele, Winter, Ann. 311 , 344 (1900). (28) Clermont, Chautard, 
Compt. rend. 102 , 1072 (1886). 


3:3135 4.CHLOROPHENYLACETIC ACID C8H7O2CI Beil. IX - 448 

(p-Chloro-a-toluic acid) 

M.P. 106® (1) 

105-106® (2) (3) (4) 

105® (6) (6) 

104-105® (7) 

103.5-104® (8) 

Colorless ndls. from aq. ; eas. sol. aq., ale., ether, CeHe. — Odor faintly like that of 
phenylacetic acid. — [For study of ioniz. const, of C see (6); for fate m animal body see 
(13).l 

[For prepn. of C from p-chlorobenzyl bromide (?) [Beil. V-3071 by conversion to p- 
Cl.C6H4.CH2MgX and subsequent carbonation with CO2 at 0° (74% yield) see (9); from 
p-chlorophenylacetonitrile (p-chlorobenzyl cyanide) [Beil. IX-4481 by hydrolysis (80% 
yield (3)) with boilg. aq, KOH (6) (10) or with boilg. dil. H2SO4 (8) see indie, refs.; from 
p-aminophenylacetic acid [Beil. XIV-456, XIVi-(589)l via diazotization and use of CU2CI2 
reactn. see (5) (2) (11); from 2-phenyl-4-(4-chloro-benzal)oxazolone-5 (the azlactone 
from p-chlorobenzaldehyde -f iV^-benzoylglycine + AC2O) (7) [Beil. XXVII i- (299)] on 
boilg. with aq. NaOH and afterwards treated with H2O2 see (7); from 3-chloro-l,5-6i8- 
(p-chlorophenyl)pentadiene-l,3 (3) in acetone soln. by oxidn. with KMn04 see (3); for 
formn. from phenylacetic acid (1:0665) with CI2 in sunlight see (12); from ethyl p-chloro- 
phenylacetate (see below) by alk. hydrolysis see (19).] 

[For reactions of closely related p-Cl.C6H4.CH2.COOMgCl with large excess of isopropyl 
MgCl or o-tolyl MgBr yielding p-chlorophenylmalonic acid (14), cryst. from ale., m.p. 
163® (14), see (14); for quite dif. behavior with other RMgX cpds. see (22).] 

[C with benzaldehyde htd. in s.t. for 20 hrs. at 300® not only condenses but also loses 
C(>2 yielding (6) 4-chlorostilbene (l-(p-chlorophenyl)-2-phenylethylene) [Beil. V-633], 
white Ifts. from AcOH, m.p. 129® (6) (for corresp. reactns. of C with p-methoxybcnzalde- 
hyde (1:0240), or with salicylaldehyde (1:0205), see (6)); C (as K salt) with o-nitrobenzal< 
dehyde + AC2O htd. 24 hrs. at 100® undergoes Perkin condens. 3rielding (46-60% yield 
(16)) a-(4-chlorophenyl)-o-nitrocinnamio acid, colorless cryst. from AcOH, m.p. 186- 
186.5® u.c. (190.2-190.7® cor.) (16).l 


Cl 


l<^ y-CH2.COOH 


IXi-(198) 
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(C on dinitration with HNOs -f fumg. H 2 SO 4 yields (19) 4-chloro-2,6-dinitrophenyl- 
acetic acid, pale yel. ndls. from boilg. aq., m.p. 167^ (19).] 

[C with PCU in CHCI 3 yields (2) (13) p-chlorophenylacetyl chloride, yellowish oil, 
b.p. 120° at 14 mm. (2); this prod, with aminoacetic acid (glycine) in dil. aq. alk. gives 
(65-75% yield (13)) (2) p-chlorophenylaminoacetic acid (p-chlorophenylaceturic acid), 
Ifts. from aq., m.p. 165° u.c. (2), 164-165° (13).l 

[C conv. to Pb salt, latter dried at 110°, and distilled yields (16) 4,4'-dichlorodibenzyl 
ketone, ndls. from ale., m.p. 93° (oxime, m.p. 135-136°, semicarbazone, m.p. 118° (16)).) — 
[For Ca5.2.H20 and AgA. see (10).] 

Methyl ^-chlorophenylacetate: oil, b.p. 114-115° at 6 mm. (17). [From C in 

MeOH satd. with dry HCl gas (6).] — [For study of rate of reactn. with NH 3 in 
MeOH at 25° see (17).] 

Ethyl ^-chlorophenylacetate: m.p. 34° (18), 32° (1) (6), b.p. 253-254° at 749 mm. 

(1), 260° (6). [From C in EtOH with dry HCl gas (6).] — [This ester melted and 
treated with sodium evolves H 2 and yields a pale red sodium cpd. (19); the ester with 
Na sand in dry ether refluxed 8 hrs., then treated with BzCl, gives (poor yield (19)) 
ethyl a-(4-chlorophenyl)benzoylaeetate, ndls., m.p. 97-98° (19); the ester does not 
(19) condense with itself in pres, of NaOEt but upon treatment with isopropyl MgX 
gives (93% yield (9)) the desired condens. prod., viz., ethyl a, 7 -(p-chlorophenyl)- 
acetoacetatc, white cryst. from ale., m.p. 119-120° (9); for reactn. of ethyl p-chloro- 
phenylacetate with diethyl ethoxymethylenemalonate [Beil. II1-469, IIIi-(162), 
IIl2-(300)] yielding ethyl 7-chloronaphthol-l-dicarboxylate-2,4 (20) and a-(p-chloro- 
phenyl)glutaconic acid (20) see (20).] — [For study of rate of hydrolysis of ethyl p- 
chlorophenylacetate see (18).] 

(p ^-Chlorophenylacetamide: tbls. from ale., m.p. 175° (10). [Obtd. indirectly from 
p-c’hlorophenylacetonitrile by partial hydrolysis (10).] 

(g) (^-Chlorophenylacet)anilide: Ifts. from abs. ale., m.p. 164.5° (19). [From C + 1)4 
moles aniline at 180-190° for hr. (19).] 

(p^(4-Chlorophenylacet)-m-chloroanilide: colorless ndls. from dil. ale., m.p. 137.5° 
cor. (21). [From C + ?n-chloroaniline (1 mole) on htg. at 180-190° for 1 hr. (21); 
also from p-chlorobenzyl w-chlorophenyl ketoxime by Beckmann rearr. with PCU 
in ether (21).] 

(© (4-Chlorophenylacet)-^-toluidide: white ndls. from CeHe, m.p. 189.5° (18). [From 
C + p-toluidine htd. as for the anilide (above) (19).] 

(© (4-Chlorophenylacet)hydrazide: ndls. from ale., m.p. 170° (1). [From ethyl p- 
chlorophenylacetate (above) with hydrazine hydrate in boilg. ale. (1); for its further 
condens. prods, with acetone, benzaldehyde, salicylaldehyde see (1); note also that 
with I 2 in hot ale. the (mono)hydrazine gives (1) iV,iV'-5ia-(p-chlorophenylacetyl)- 
hydrazine, ndls. from ale., m.p. 255° (1).] 

(P (4-Chlorophenylacet)pheiiylhydrazide: white ndls. from CeHe, m.p. 166° (19). 
[From C with excess phenylhydrazine on htg. as above (19).] 

8:3135 ( 1 ) Curtius, J. prakt. Chem. (2) 89 , 527-530 (1914). (2) Friedmann, Maase, Biochem. Z. 
37 , 107 (1910). (3) Straus, Ann. 393 , 316-317 (1912). (4) Schotten, Z. physiol. Chem. 7 , 27, 

Note (1882). (5) Dippy, Williams, J. Chem. Soc. 1934 , 161-166. (6) van Walther, Wetzlich, 

J. prakt. Chem. (2) 61 , 195-198 (1900). (7) Mauthner, J. prakt. Chem. (2) 95 , 60 (1917). 
(8) Jackson, Field, Am. Chem. J. 3 , 89-91 (1880/81). (9) Ivanov, Spassov, BviU. soc. chim. (4) 
49 , 376-377 (1931). (10) Beilstein, Kuhlberg, Neuhoff, Ann. 147 , 347-350 (1868). 

\l\) Petrenko-Kritschenko, Ber. 35 , 2240 (1892). (12) Radziszewski. Ber. 3 , 208 (1869). 

(13) Cerecedo, Sherwin, J. Biol. Chem. 63 , 218-221 (1924/25). (14) Ivanov, Spassov, BuU. 
soc. chim. (4) 49 , 22 (1931). (15) Nyl6n. Ber. 53 , 158-159 (1920). (16) Kenner. Morton, J. 
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Chem. Soc. 1934, 680. (17) Betts, Hammett, J. Am. Chem. Soc. 69, 1568-1572 (1937). (18) 
Kindler, Ann. 452, 108 (1927). (19) Mehner. J. prakt. Chem. (2) 62, 560-565 (1900). (20) 

Menon, J. Chem. Soc. 1936, 1775-1777. 

(21) Jenkins, J. Am. Chem. Soc. 55, 2898 (1933). (22) Ivanov, Bull. soc. chim. (5) 4, 686 (1937). 


3:3140 2,3,4,6.TETRACHLORO- 
BENZALDEHYDE 

M.P. 106-106.5° (1) 


Cl 

Cl<^^ )>CHO 
ci Cl 


C 7 H 2 OCI 4 BeU. S.N. 635 


[For prepn. of C from 2,3,4,5-tetrachlorobenzal (di) chloride (3:9397) by hydrolysis 
(presumably with strong H 2 SO 4 ) see ( 1 ).] 

C with NaHSOa forms the corresp. addn cpd. which may be used as means of sepn. of 
C from 2,3,5,6-tctrachlorobenzaldehyde (3:2700). 

[For use of C in prepn. of dyestuffs see ( 1 ).] 

3:8140 (1) Chem. Fabrik Griesheim-Elcktron, Brit. 251,511, May 27, 1926; Cent. 1926, II 2355; 
[C.A. 21, 1361 (1927)1; French 603,650, April 20, 1926, Cent. 1926, II 2355; not in C.A. 


3:3145 6 -CHLORONAPHTHO- 
QUINONE-1,4 


C 10 H 6 O 2 CI Beil. S.N. 674 


M.P. 106-107° (1) 

[For prepn. of C from benzoquinone-1,4 (1:9025) by addition of 2-chlorobutadiene-l,3 
(“ Chloroprene ”) (3:7080) and subsequent oxidation of the resulting Diels-Alder type 
adduct see ( 2 ); for formn. of C by oxidation of various dichloronaphthalenes see ( 1 ).] 

3:3145 (1) Kozlov, Talybov, J. Gen. Chem. 9, 1827-1836 (1939); C.A. 34, 4067 (1940). (2) 
Carothers, Collins (to du Pont Co.), U.S. 1,967,862, July 24, 1934; Cent. 1936, I 2209; C.A. 28, 
5994-5995 (1934). 



3:3155 


14,2^,4,4.HEXACHLORO. 

BUTANE 


CI 2 CH 


Cl Cl 

i— CHCI2 


C 4 H 4 CI, BeU. S.N. 10 


H H 


M.P. 107° (1) ( 2 ) 


[For isolation of C from the high-boilg. fraction resulting in the preparation of trichloro- 
ethylene (3:5170) from 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (3:5750) 
see (1) (2); long refluxing (20 days) of freshly distilled samples of the latter compound also 

yi^ (1) e.] 

C on boilg. with ale. CaCOH), or with alk. at room temp, loses 2 HCl yielding (1) the 
liquid stereoisomer (3:6150) of l,2,3,4-tetrachlorobutadiene-l,3. [The solid stereoisomer 
(3:0870) was not obtained from C (1).] 


8:8155 (1) Mhller, Htither, Ber. 64, 589-600 (1931); C.A. 25, 3956-3957 (1931). (2) Ghighi, 
Ann. chim. appliccUa 28, 363-368 (1938); Cent. 1989, I 86; C.A. 33, 6792 (1939). 
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3:3180 HEXACHLOROCYCLO- 
HEXADIEN-2,6-ONE-l 
(“ Hexachlorophenol ”) 


M.P. 107" <1) <2) (4) 
106" (3) (5) 


Cl 

C 

ChC VCl 

cli i 

v\ 

Cl 


CdOCl* 


Bett. vn - 144 
Vni-( 96) 


Cryst. from CHCI3 or CS2; white ndls. from pet. eth. (1). — Insol. aq., spar. sol. cold 
ale., mod. sol. CeHe, very eas. sol. CHCI3 or pet. eth. (4). 

[For prepn. by various methods see Beil. VII-144 -f Beil. VII 1- (96); for comml. prepn. 
by chlorination of phenol see <2).] 

C with aq. KI (1), or Zn dust in boil. ale. <4), or SnCl2 + HCl in AcOH (100% yield) 
(5) (6) or even with cone. aq. or ale. KOH (4), yields pentaehlorophenol (3:4850). 

C (4 g.) grad, added to cone. HNO3 (20 g.) with warming, and the resultant soln. poured 
into aq., ppt. recrystd. from nitrobenzene, yields (5) tctraehlorobenzoquinone (chloranil) 
(3:^4978), m.p. 292° (5). 

C melted with eone. H2SO4, then htd. eautiously with shaking until reaction suddenly 
begins, evolves HCl, and on cooling chloranil (see above) separates (5). 


3:3180 ( 1 ) Buchan, McCombic, J. Chem. Soc. 1931, 144. (2) Britton, Martin, Alquist, Heindel 
(to Dow Chem. Co.), U S. 1,909,686, Aug. 7, 1934, Cent. 1935, I 3046. (3) Danger, Ann. 215. 

121 (1882). (4) Hugounenq, Ann. chim. (6) 20, 560-562 (1890). (5) BUtz, Ber. 37, 4009 (1904). 

(6) Biltz, Giese, Bcr. 37, 4018 (1904). (7) Ter Horst (to U.S. Rubber Co.), US. 2,378,597, 

June 19, 1945; C.A. 39, 4188 (1945). 


3:3200 1,5.D1CHL0R0NAPHTHALENE Cl C10H6CI2 

CO 

M.P. 107" (1) <6) (7) (9) (10) 

106.6-107" (2) 

106.6" (3) (24) 

106-107" (4) 

106-107" (5) 


BeU. V - 643 
Vi.(262) 
V2-(446) 


Lfts. from ale. or AcOH. — Sublimes in very broad thin pr. — [For use as wood im- 
pregnant see (22 )J 

[For prepn. of C from 1,5-dinitronaphthalene [Beil. V-558, Vi-(264)] (6) (2), from naph- 
thalene-l,5-5t8-(sulfonyl chloride) [Beil. XI-213] (36% yield (4)) (7) (8), from 1-chloro- 
naphthalene-5-sulfonyl chloride [Beil. XI-161] (9) (5), from 5-chloronaphthoI-l [Beil. 
VI-612] (10) by htg. with PCU see indie, refs.; from 5-sulfonaphthylamine-l [Beil. XIV- 
744, XIVi-(733)] by htg. corresp. diazonium salt with 2 moles PCU see (1) (11); from 1,5- 
dichloro-7-aminonaphthalene by replacement of — NH2 by —H see (12); from l,5-dichl6ro- 
naphthalenesulfonic acid-2 [Beil. XI-181] by hydrolysis of — SO3H group see (13) (14); 
from 4,5-dichloronaphthalene-2-sulfonyl chloride [Beil. XI-182] or from 1 ,8-dichloronaph- 
thalene (3:2435) by htg. with cone. HCl in s.t. at 290° see (15); from naphthalene (1 : 7200) 
in CCI4 at — 10 to 0" with CI2 in pres, of Fe (together with other products) (16) or from 1- 
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nitronaphthalene (Beil. V-663, Vi-(264)] with CI2 (together with other products) (17) <2) 
see indie, refs.] 

[C in CHCls soln. satd. with CI2 gives (25) both 1,5-dichloronaphthalene tetrachloride, 
m.p. 84®, and a trichloronaphthalene dichloride, m.p. 94® (separated by spar. soly. of latter 
in MeOH).] 

[C on mononitration yields (10) l,5-dichloro-8-nitronaphthalene [Beil. V-666], yel. pr. 
from AcOH, m.p. 142® (10) (17) (23); note that the isomeric l,5-dichloro-3-nitronaph- 
thalene, m.p. 132®, has been reported indirectly (23) (12).] 

[C on monosulfonation (18) (13) gives chiefly 1,5-dichloronaphthalenesulfonic acid-^ 
[Beil. XI-183, XIi-(41)] (corresp. sulfonyl chloride, m.p. 143® (13), corresp. sulfonamide, 
m.p. 204® (24)) accompanied by a smaller amt. 1,5-dichloronaphthalenesulfonic acid-2 
[Beil. XI-181] (corresp. sulfonyl chloride, m.p. 125® (13)).] 

[C with picric acid yields a cpd. C.PkOH, m.p. 87® (10).] 

[C on oxidn. with CrOa/AcOH yields (19) 3-chlorophthalic acid (3:4820) but on oxidn. 
with dil. HNO3 yields (20) a nitro-chloro-phthalic acid.] [C on cat. vapor-phase oxidn. 
(21) gives ,80% yield 3-chlorophthalic anhydride (3:3900) 20% phthalic anhydride 

(1:0725).] 

8:3200 (1) Erdmann, Ann. 247, 353-354 (1888). (2) Weissberger, Sangewald, Hampson, 
Trana. Faraday Soc. 30, 890 (1934). (3) KroUpfeiffer, Ann. 430, 198 (1923). (4) Beattie, 
Whitmore, J. Am. Chem. Soc. 55, 1546-1548 (1933). (5) Ferrero, BoUiger, Helv. Chim. Acta 
11, 1146-1147 (1928). (6) Atterberg, Ber. 0. 1188 (1877). (7) Armstrong, Ber. 15, 205 (1882). 

(8) Armstrong, Wynne, Chem. News 01, 93 (1890); 62, 163 (1890). (9) Cleve, Bull. soc. chim. 
(2) 26, 540 (1876). (10) Erdmann, Kirchhoff, Ann. 247, 378 (1888). 

(11) Erdmann, Ber. 20, 3185-3186 (1887). (12) Kalle and Co., Ger. 343,147, Oct. 28, 1921; 
Cent. 1022, II 143. (13) Turner, Wynne. J. Chem. Soc. 1941, 253. (14) Cleve. Chem. Ztg. 17, 
398 (1893). (15) Armstrong, Wynne, Chem. News 76, 69-70 (1897). (16) B.A.8.F., Ger. 
234,912, May 26, 1911; Cent. 1911, II 63. (17) Atterberg, Ber. 9, 316-318, 926-928 (1877). 
(18) Armstrong, Wynne, Proc. Chem. Soc. 1890, 81. (19) Guareschi, Gazz. chim. ital. 17, 120 

(1887). (20) Atterberg, Ber. 10, 547-548 (1877). 

(21) Pongratz, Bassi, Fuchs, Stiss, Wtistner, Schober, Angew. Chem. 54, 22-25 (1941). (22) 
R5chling’sche Eisen und Stahlwerke, Ger. 415,228, June 16, 1925; Cent. 1925, II 1239. (23) 
Friedlftnder, Karamessinis, Schenk, Ber. 55, 47-50 (1922). (24) Armstrong, Wynne, Chem. 
News 61, 274 (1890). (25) Wynne, J. Chem. Soc. 1946, 61. 


3:3220 PARA-a-CHLORO- 

ISOBUTYRALDEHYDE 
(2,4,6-<ris- (a-Chloro- 
isopropyl )-trioxane- 
1 ^ 6 ) 


M.P. 107“ (1) (2) 


C12H21O3CI3 

Cl O 

(CH8)J>-CiH \c— C(CH 3 )a 


Beil. XIX - 391 
XKi— 


Odorless tasteless ndls. (from distn. with steam); pr. (from ether); insol. aq.; sol. ale., 
ether, pet. ether. — Sublimes above m.p. 

[For prepn. from a-chloro-isobutyraldehyde (3:7236) by shaking with vol. cone. 
H2SO4 see (1) (2).] 

8:8220 (1) Brocket, Ann. chim. (7) 10 , 357-359 (1897). (2) Broebet, BuU. soc. chim. (3) 7, 
643-644 (1892). 
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3:3250 2,4.DICHLORONAPHTHOL-l 


M.P. 107-108" (2) (3) 
106-107" (1) (5) 



CioHeOCla 


Beil. VI - 612 
VIi.(308) 
VIa.(582) 


Ndls. (from dil. ale. or Igr.) ; from AcOH C separates in pr. with 1 mole of AcOH ra^dly 
lost at 40-50" <1). — C is volatile with steamy eas. sol. abs. ale. ether or CeHe. — C on 
htg. to 180" deeomposes with loss of HCl. 

(For prepn. from /3-naphthol (1:1600) (1) <2) or 4-ehloronaphthol-l (3:3720) (4) by 
chlorination see (1) (2) (3); from naphthalene 1,2,3,4-tetrachloride (3:4750) by oxidn. 
with CrOs in AcOH see (5); for other methods see Beil. VI-612.] 

C dissolves in NaOH or NaaCOa but on warming (or even long stdg. in cold) yields f6) 
ultramarine flocks which impart to ether a violet, and to benzene a deep blue violet, color 
(6). [Same result obtd. with K 3 Fe(CN )6 but not with pyridine (6).] 

C on boil, with dil. HNO 3 is oxidized <1) to phthalic ac. (1:0820); but with CrOa in 
AcOH yields 2-chloronaphthoquinoiie-l,4 (3:3580), volatile with steam, golden-yel. ndls. 
from aq., ale., or AcOH, m.p. 116° (1). 

C is not affected by Sn + ale. HCl (3), or Na/Hg (3), but on htg. in AcOH with cone. 
HI (D = 1.7) for 10 hrs. gives (3) a-naphthol (1:1500). 

C dislvd. in 20 pts. 15% aq. KOH and shaken with 4 pts. (CH 3 ) 2 S 04 gives (94% yield 
(3)) of the methyl ether, methyl 2,4-dichloro-l-naphthyl ether, colorless ndls. from ale., 
m.p. 58" (3). 

2,4-Dichloro-l-naphthyl acetate: from C by htg. with AcCl (2); ndls. (from ale.), 
m.p. 74-76" (2). 

3:3250 (1) Cleve, Bcr. 21, 891-893 (1888). <2) Zincke, Ber. 21, 1035-1036 (1888). (3) Franzen, 
St^uble, J. prakt, Chem, (2) 103, 384-385 (1921 /22). (4) Reverdin, Kauffmann, Ber. 28, 3053 

(1895). (5) Helbig, Ber. 28, 506 (1895). (6) Willstatter, Schuler, Ber. 61, 370 (1928). 


3:3275 6-CHLORO-2-METHYL- 
BENZOIC ACID 


M.P. 108" (1) 

102 " ( 2 ) 

[91.5" (3)1 

Long slender colorless ndls. from hot aq. (2) or from HCl (1). 

[For prepn. of C from 6-chloro-2-methylbenzamide (see below) (itself obtd. from 6- 
chloro-2-methylbenzonitrile, m.p. 82-83° <2)) by actn. of nitrous acid see <2); from 6* 
amino-2-methylbenzoic acid (1) via diazotization and use of CU 2 CI 2 reactn. see <1) <3).] 

C on htg. with aniline, K 2 CO 3 , and copper powder yields (1) 3-methyldiphenylamine- 
carboxylic acid-2, cryst. from 50% ale., m.p. 145" dec. <1). 

[C melted and treated with Br 2 evolves HBr, and the prod, on warming with dil. NaOH 
yields (3) 3-chloro-a-hydroxyphthalide, colorless pi. from dil. ale., m.p. 138" (3).] 

6-Chloro-2-methylbenzamide: scales from boilg. aq., m.p. 167" (2). [Prepd. 

indirectly as above.] 


COOH C 8 H 7 O 2 CI BeU. S.N. 941 
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8:8275 (1) Gleu, Nitzsche, J. prakt Chem. (2) 153, 213 (1939). (2) Kenner, Witham, Chem, 
Soc. 119. 1468 (1921). (3) Levy, Stephen, J. Chem. Soc. 1930, 2788. 

3:3295 S,4-DICHLORONAPHTHOL-2 


M.P. 108^* <1) (2). 

Small colorless ndls. from Igr. Sol. in cold K2CO3 soln. (2). 

[For prepn. from /3-naphthol (1 : 1540) via l-nitrosonaphthol-2, chlorination with SO2CI2 
in tetrachloroethane to l-nitroso-3,4-dichloronaphthol-2, reduction to 1 -amino-3, 4-di- 
chloronaphthol-2 and thence via diazo reaction to C see (1); for prepn. from 1,3,4-tri- 
chloronaphthol-2 by reduction with FeS04 + NaOH see <2).] 

C treated with 1 mole HNO2 yields l-nitroso-3,4-dichloronaphthol-2, golden-yel. cryst. 
from AcOH, m.p. not given (1). 

3:3205 (1) Marschalk, Bull. soc. chim. (4) 43, 1367 (1928). (2) Horzberg, Spengler, Schmidt 
(to I.G.), Ger. 431,165. June 30. 1926; Cent. 1926, II 1196. 

3:3298 l,l,l-TRICHLORO-2,2-6is- 

(^-CHLOROPHENYL )ETHANE 

(“ DDT ”, “ p,p-DDT ”) 


M.P. 108.6-109 (26) 

108-109** (1) cor. (27) (29) 

108® (2) (28) 

107-108® cor. (3) 

107® (4) 

106-107® (17) 

105-106® (5) 

106® (6) 

[See also l,l-dichloro-2,2~bis^{p-chloropk€nyl)€thane, ** DDD” (3:3320).] 

Note that C is the remarkable insecticide to which so much publicity is currently being 
given. Despite the general fanfare the amount of real scientific data which has been 
released at this writing is small, although very rapid publication is inevitable in the near 
future. No attempt can be made in this text to cover the utilization of C, but attention 
is drawn to two bibliograjihies (7) (8) containing respectively 174 and 418 references, al- 
though most of these are to general and nontechnical reports. For an extensive review 
of chemistry of C see (30). 

[For patents on utilization of “ DDT ” as insecticide see (9) (10). — For studies of 
toxicology and pharmacology of “ DDT” see (11) (12) (13) (14). — Note that C is by 
rabbits in part excreted as di-(p-chlorophenyl)acetic acid (3:4612), m.p. 166-166.6® u.c. 
(24).l 

Colorless cryst. from 95% ale. — C is spar. sol. in 95% ale.; viz., 0.8 wt. % at 0®, 3.9 
wt. % at 48® (3); spar. sol. pet. ether of b.p. 30-60® (3); C is moderately sol. in CCI4, ether, 
or CHCls (3); eas. sol. in pyridine, dioxane, CeHe, or acetone (3); for data and graph of 
wt. % solubility /temp, over range 0-48® see (3) cf. (25); for soly. of C in kerosenes see 
(31). [For detn. of 0 in technical samples, i.e., in pres, of “ DDD ** (3:3320), by recrystn. 
from satd. ale. soln. of “ DDT ” see (26).] 


Cl. 


Cl 


C14H9CI6 

0 \ 

'cyJ. 


Beil. S.N. 479 


;C— C— Cl 
Cl 



Beil. VI — 
VIi- * V 
Vl2-(604) 
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Note that technical C may contain some of the isomeric l,l,l-trichloro-2-(p-chlorophenyl)- 
2-(o-chlorophenyl)ethane (3:1820) and/or polymers of chloral (3:5210); in fact, technical 
C of setting point 88® contains about 70% C accompanied by 18% of the o-p isomer 4* 
6% of the o,o' isomer (25). — For extensive report on the compn. of technical grade C see 
(29). 

[For optical crystallographic props, of C see (28).] 

PREPARATION OF C 

C is universally prepd. by condensation of chloral or chloral hydrate with chlorobenzene. 
From chloral hydrate. [For prepn. of C from chloral hydrate (3:1270) with chloro- 
benzene (3:7903) + fumg. H2SO4 (8-10% 8O3) (70% yield (2) (4)) or CISO3H (77% 
yield (32)) sec indie, refs.] 

From chloral. [For prepn. of C from anhydrous chloral (3:5210) with chlorobenzene 
(3:7903) + cone. H2SO4 see (6) (15) (16) ] 

CHEMICAL BEHAVIOR OF C 

Reduction of C. C on reduction with Na/alc. gives up all its chlorine quant, detn. of 
which comprises a method for the quant, detn of C (14). 

[C on hydrogenation with H2 + Pd /CaCOs in various solvents on slight warming gives 
according to conditions (18) various products of bimolecular reduction; these include 

2.2.3.3- tctrachloro-l,l,4,4-tetra-(p-(hlorophenyl)butane, cryst. from AcOEt, m.p. 271.5® 
(28% yield (18)), both higher-melting (229°) and lower-melting (174°) stereoisomers of 

2.3- dichloro-l,l,4,4-tetra-(p-chlorophenyl)butene-2 (former 36% yield, latter in traces) 
(18), and perhaps other products; for much further study of these reaction products see 
the original reference (18) ] 

[C on electrolytic njduction in ale. HCl soln. gives (13% yield (19)) at the cathode 

l, l,4,4-tetra-(7M!hlorophenyl)butync-2, pr. from AcOEt, m.p. 174° (19); note that this 
prod, on oxidn. with CrOs/AcOH gives (91% yield (19)) 4,4'-dichlorobenzophenone 
(3:4270), m.p. 145°.] 

Oxidation of C. Attempts to oxidize C with CrOa/AcOH have given (5) no identifiable 
products. 

Dehydrochlorination of C. C under various conditions can be caused to split out 1 HCl 
yielding 1 , 1 -dichloro-2,2-5rs- (p-chlorophenyl )ethylene. 

C with ale. KOH refluxed 10 hrs. (5) (6) or 15-20 min. (24) (for study of rate see (20) 
(27)) gives (yields: almost 100% (24), 81% (5)) l,l-dichloro-5is-(p-chlorophenyl)ethylene 
(3 : 2438) [for use of this reaction by detn. of ionized chlorine as means for detn. of C in 
spray deposit see (21).] 

C with excess Ba(0H)2.8H20 in ethylene glycol refluxed 10-12 hrs. gives (33% yield 
(24)) di-(p-chlorophenyl)acctic acid (3:4612), m.p. 166-166.5° u.c.; this results by initial 
loss of HCl as above and further degradation. 

C in the pres, of minute amts, (c.g., 0.01%) of FeCla or AICI3 at 119-120° loses HCl 
giving (22) cf. (34) l,l-dichloro-2,2-6is-(p-chlorophenyl)ethylene (3:2438). (See also 
below under behavior of C with AICI3 4- CeHe.) 

Substitution Reactions op C 

Bromination. No study of the behavior of C toward Br2 appears yet to have been 
reported. 

Chlorination. C in CCI4 soln. with CI2 + trace of PCI3 in light at b.p. of mixture for 
3 hrs. gives (73% yield (5)) l,2,2,2-tetrachloro-l,l-6i«-(p-chlorophenyl)ethane (3:2477), 

m. p. 91-92° (5). 



3:S29S 
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Nitration. C on introduction of two nitro groups (no details) gives <6} a prod., ndls. 
from ale., m.p. 148.0-148.3® (29), which is presumably l,l,l-trichloro-l,2-6M-(4-chloro-2- 
nitrophenyl)ethane; note that this dinitro compd. has same m.p. as corresp. dinitro deriv. 
from “ o,p-DDT ” (3: 1820) but m.p. of a mixt. of the two is depressed (29). 

C on tetranitration with a mixt. (1:1 by volume) of fumg. HNO3 and cone. H2SO4 at 
100® for 1 hr. gives (23) l,l,l-trichloro-2,2-5is-(4-cliloro-3,5-dinitrophenyl)ethane, m.p. 
223.&-224.5® cor. (23). — [Note that similar tetranitration of “ DDD ” (l,l-dichloro-2,2- 
6w-(p-chlorophenyl)ethane (3:3320) gives (23) l,l-dichloro-2,2-6is-(4-chloro-3,5-dinitro- 
phenyl)ethane, m.p. 224.5-225.5° cor. (23); similar tetranitration of the o-p isomer of 
‘'DDT** (viz., l,l,l-trichloro-2-(o-chlorophenyl)ethane) (3:1820) gives a prod., m.p. 
229.5-230® cor. (23). — For color reactions of these tetranitro derivs. with MeOH /NaOMe 
and its use in detn. of C see (23) (33).] 

Behavior with AiCls 4- CeHa. C with anhydrous AICI3 (1 mole) in large excess of 
CeHe reacts at room temp, evolving 2 moles HCl and giving (10% yield (1)) 1,1,2,2-tetra- 
phenylethane (Beil. V-739, Vi-(371), V2-(673)], m.p. 211°. [Note that the mechanism 
of this surprising result has not yet been explained; that by similar treatment the same 
tetraphenylethane is also obtd. in 25% yield from l,l-dichloro-2,2-ft2s-(p-chlorophenyl)- 
ethane (3:3320), in 10% yield from l,l,l-trichloro-2,2*<liphenylethane (3:1420), and from 
the o~p isomer of “DDT** (viz., l,l,l-trichloro-2-(o-chloropheiiyl)-2-(p-chlorophenyl)- 
ethane) (3:1820), but not at all from l,l-dichloro-2,2-6is-(p-chlorophenyl)cthylene 
(3:2438); and that if chlorobenzene is substituted for CeHe no tetraphenylethane results 
from any of them (1).] 

8:8298 (1) Fleck, Preston, Haller, J. Am, Chem. Soc. 67, 1419-1420 (1945). (2) Darling, J, 
Chem. Education 22, 170 (1945). (3) Gunther, J, Am. Chem. Soc. 67, 189-190 (1945). (4) 
Iris, Leyva, Rev. inst. salubridad enfermedad trdp. (Mex.) 5, 71-74(1944); C.A. 39, 495 (1945). 
(5) Grummitt, Buck, Jenkins, J. Am. Chem. Soc. 67, 155-150 (1945). (6) Zoidler, Ber. 7, 1181 

(1874). (7) Roark, U.S. Dept. Agr., Bur. Entomology and Plant Quarantine, 12 pp. (Juno 
1944). (8) Roark, U.S. Dept. Agr., Bur. Entomology and Plant Quarantine, 27 pp. (May 1945). 
(9) MttUer (to J. R. Geigy, A.G.), U.S. 2,329,074, Sept. 7, 1944; C.A. 38, 1056 (1944). (10) 
Hughes (to J. R. Geigy, A.G.), Brit. 547,874, Sept. 15, 1942; C.A. 37, 6400 (1943). 

(11) Draize, Woodard, Fitzhugh, Nelson, Smith, Calvery, Chem. Eng. News 22, 1503-1504 
(1944). (12) Lillie, Smith, U.S. Pub. Health RepU, 69, 979-984 (1944). (13) Nelson, Draize, 
Woodard, Fitzhugh, Smith, U.S. Pub. Health Repts. 59, 1009-1020 (1944). (14) Smith, Stohl- 

man, U.S. Pub. HeaUh Repts. 59, 984-993 (1944); 60, 289-301 (1945). (15) Callaham, CAcm. 
Met. Eng. 51, No. 10, 109-114 (Oct. 1944). (16) Breckenridge, Can. Chem. Process Ind. 28, 
570 (1944). (17) Stohlman, U.S. Pub. HeaUh Repts. 60, 350-353 (1945). (18) Brand, Bausch, 

J. prakt. Chem. (2) 127, 222-224, 231-233 (1930). (19) Brand, Horn, Bausch, J. prakt. Chem. 
(2) 127, 240-241, 244-246 (1930). (20) Brand, Busse-Sundermann, Ber. 76, 1828 (1942). 

(21) Gunther, Ind. Eng. Chem., Anal. Ed. 17, 149-150 (1945). (22) Fleck, Haller, /. Am. 
Chem. Soc. 66, 2095 (1944). (23) Schechter, Haller, J. Am. Chem. Soc. 66, 2129-2130 (1944). 

(24) White, Sweeney, U.S. Pub. Health Repts. 60, 66-71 (1945). (25) Gunther, J. Chem. Educa- 
tion 22, 238-242 (1945). (26) Cristol, Hayes, Haller, Ind. Eng. Chem., Anal. Ed. 17, 470-473 
(1946). (27) Cristol, /. Am. Chem. Soc. 67, 1494-1498 (1945). (28) Gooden, Am. Chem. Soc. 

67, 1616-1617 (1946). (29) Haller, Bartlett, Drake, Newman, Cristol, et al., J. Am. Chem. Soc. 
67, 1691-1602 (1946). (30) Cristol, Haller, Chem. Eng. News 23, 2070-2075 (1945). 

(31) Fleck, Haller, Ind. Eng. Chem. 88, 177-178 (1946). (32) Rueggeberg, Torrans, Ind. 

Eng. Chem. 88, 211-214 (1946). (33) Schechter, Soloway, Hayes, Haller, Ind. Eng. Ch^., Anal. 
Ed. 17, 704-709 (1945). (34) Fleck, Haller, J. Am. Chem. Soc. 68, 142-143 (1946). 
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3:3300 2,3,6.TRICHLORO- 
RAPHTHALENE 


M.P. 109.5° (1) (2) 



[For prepn. of C from 2,3-dichloronaphthol-8 (3:4315) (2) or from 2,3-dichloronaphthar 
lenesulfonyl chloride-3 [Beil. XI-1641 <1) (2) (3) with PCU see indie, refs.) 

[C treated with CISO3H in CS 2 and reactn. prod. conv. to salts as directed (1) gives 
salts of 2,3,5-trichloronaphthalenesulfonic acid-8 (corresp. sulfonyl chloride, m.p. 164° <1)).) 


3:3300 (1) Turner, Wynne, J. Chem Soc. 1041 , 247, 255-256. (2) Armstrong, Wynne, Chem, 

News 61 , 275 (1890). (3) Armstrong, Wynne, Proc. Chem. Soc. 1890 , 83; 1895 , 79. 


3:3320 l,l-DICHLORO-2,2-Ws- Ci 4 HioCl 4 BeU. S.N. 479 

(^-CHLOROPHENYL)ETHANE p,/ V Cl 

(“ DDD » p,p'-DDD ”) ^ \ 

M.P. 109.5-110° (3) 

109.4- ll‘0.2°cor. (5) 

108.5- 110° (4) 

This compd. is closely related to"/* DDT ” (3:3298) and occurs (4) as minor impurity in 
technical grades of this compound. 

[For prepn. of C from dichloroacetaldehyde (3:5180) or from 2,2-dichloro-l-(p-chloro- 
phenyl)ethanol (4) with chlorobenzene (3:7903) -H cone. H 2 SO 4 + fumg. H 2 SO 4 (63% 
yield) see (4).) 

C with ale. KOH refluxed 3 hrs. loses 1 HCl giving (77% yield (4)) (5) l,l-dichloro-2,2- 
6w-(p-chlorophenyl)ethylene (3:1430). 

C on dinitration with 10 vols. fumg. HNO3 at 50° for hr. gives (90% yield (4)) a 
dinitro deriv.; cryst. from ale., m.p. 178-179° (4). 

C on tetranitration with a mixt. (1:1 by volume) of fumg. HNO 3 + cone. H 2 SO 4 at 
100° for 1 hr. gives (1) a prod., m.p. 224.5-225.5° cor., which presumably has the structure 
l,l-dichloro-2,2-W«-(4-chloro-2,6-dinitrophenyl)ethane. 

C with anhydrous AICI3 (1 mole) + excess CeHe at ord. temp, evolves HCl and ^ves 
(25% yield (2)) 1,1,2,2-tetraphenylethane, m.p. 211° (2). 

3:3320 (1) Schechter, Haller, J. Am. Chem. Soc. 66 , 2129-2130 (1944). <2) Fleck. Preston, 
Haller, J. Am. Chem. Soc. 67, 1419-1420 (1945). (3) Cristol, Hayes, Haller, Ind. Eng. Chem., 
Anal. Ed. 17, 470-473 (1945). <4) Haller, Bartlett, Drake, Newman, Cristol, et al., J. Am. 
Chem. Soc. 67, 1596, 1600 (1945). <5) Cristol, J. Am. Chem. Soc. 67, 1494-1498 (1945). 


3:3325 m-CHLOROPHENOXYACETIC ACID CsHtOsCI Beil. S.N. 522 

<( )>-O.CH2.COOH 

ci 

M.P. 110° (1) Neut. Eq. 186.5 

109.7-110.2° cor. <2) 

[For prepn. from ?Ji-chlorophenol (3:0255) by htg. with chloroacetic ac. (3:1370) and 
aq. alk. see <1) (2).] 
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8:3325 (1) Koelsch, J. Am. Chem. Soe. 53 , 304-305 (1931). (2) Hayes, Branch, J. Am. Chem. 

Soc. 65 , 1656-1657 (1943) 

3:3350 6-CHLORO-3-HYDROXY- Cl C 7 HBO 2 CI Beil. VIH — 

BENZALDEHYDE 
(2-Chloro-5-hydroxy- 
benzaldehyde) 

M.P. iir (1) 

110 . 5 - 111 . 5 ° ( 2 ) 

Colorless ndls. from dil. AcOH ( 1 ). — Very slowly volatile with steam ( 1 ). — C has 
pronounced sternutatory props. (1) (3). 

[For prepn. from ?/i-hydroxybcnzaldehydc (1:0055) via direct chlorination see (2); via 
4-nitro-3-hydroxybenzaldehyde, reductn. to corrcsp. amino cpd., and use of appropriate 
diazo rcactn. see (1); for prepn. from o-chlorobenzaldehyde (3:6410) via nitration to 2- 
chloro-5-nitrobenzaldehyde, m.p. 7S-79°, oximation, reduction to 2-(*hloro-5-aminobenzal- 
doxime, m.p. 159-160°, and finally diazotization and hydrolysis see (1); for prepn. from 
4-chloro-3-methylphenol (3:1535) see (3); for prepn. from ?>-clilorophonol (3:0475) by 
condensation with chloral (3:5210) and subsecpient alk. hydrolysis s(‘e (4) ] 

C in 50% AcOH mononitrated as specified (1) gives mixt. of 2 -nitro and 4-nitro products 
eas. sepd. by volatility of latter with steam (1) 2>Nitro-6<chloro-3>hydroxybenzaldehyde: 
yel. ndls. from dil. AcOH, m.p. 136° (5), 138° <3). [Corresp p-mtrophenylhydrazone, deep 
or.-red ndls. from AcOH, m p. 256-257° dec. (5); semicarbazone, yel. ndls. from ale., m.p. 
249-250° dec. <5).] 4-Nitro-6-chloro-3-hydroxybenzaldehyde: deep yel. ndls. from AcOH, 
m.p. 104° <5) (3). [Corresp. p-nitrophenylhydrazonc, brick-red ndls. from AcOH, m.p. 
284-286° dec. <5); semicarbazone, yel. pi. from ale., m.p. 266-267° dee. (5) ] 

C in aq. contg. NaHCOs treated (1) with Me 2 S 04 yields 6-chloro-3-methoxybenzalde- 
hyde, m.p. 62° (1). [Corresp. oxime, ndls., m.p. 101.6° (1); p-nitrophenylhydrazone, old- 
gold ndls., m.p. 229° (1) 1 [This methyl ether on oxidn. with KMn 04 (1) yields 6-chloro- 
3-methoxybenzoic acid, ndls. from dil. AcOH, m.p. 170-171° (1).] 

® 6-Chloro-3-hydroxybenzaldoxime: colorless ndls. of monohydrate from dil. ale., 
from abs. ale. in anhydrous ndls., m.p. 146-147° (1). 

6-Chloro-3-hydroxybenzaldehyde phenylhydrazone: unrecorded. 

® 6-Chloro-3-hydroxybenzaldehyde ^-nitrophenylhydrazone: red ndls. from dil. ale., 
m.p. 250-251° (1). 

6-Chloro-3-hydroxybenzaldehyde 2,4-dinitrophenylhydrazone: unrecorded. 

® 6-Chloro-3-hy(b:oxybenzaldehyde semicarbazone: pale yel. ndls., m.p. 236° (1). 

8:3350 (1) Hodgson, Beard, J. Chem. Soc. 1926 , 151-154. (2) Bissell, Kranz (to National 

Aniline and Chem. Co.), U.S. 1,776,803, Sept. 30, 1930; Cent. 1931 , I 159; C A. 24 , 5768-5769 
(1930). (3) Friedlander, Schonck, Ber. 47 , 304^3047 (1914). (4) Haakh, Smola, Austrian 

141,159, March 25, 1935; Cent. 1935 , II 439. (5) Hodgson, Beard, J. Chem. Soc. 1926 , 2034. 

3:3375 2,4,6-TRICHLOROBENZALDE- Cl C7H3OCI3 BeiLVII-238 

HYDE C\<^ ^CHO VHi— 

^ Cl 

M.P. 112-113° (1) 

110 -111° ( 2 ) 

Colorless ndls. from cone. ale. soln. (1). 

Eas. sol. ale., ether, CeHe, CHCls, CS 2 . 


<f~^CHO 


Vini-(6*6) 


Insol. boilg. aq. but volatile with steam. — 
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[For prepn. of C from 2,4,5-trichlorobenzal (di)chloride (3:6910) by hydrolysis with 
fumg. H2SO4 (1), with warm cone. H2SO4 (3), or with aq. in s.t. at 260° (2) see indie, refs.] 
[C on oxidn. with KMn04 should yield 2,4,5-trichlorobenzoic acid (3:4630), m p. 164°, 
but this reaction is not actually reported in the literature; note that C in air oxidizes only 
slowly (1).] 

[C with Na2S03 under press, gives (4) 5-chloroberizaldehydedisulfonic acid-2,4 [Beil. 
Xl-325].] 

[C with anhydrous NaOAc on htg. (Perkin synthesis) gives {!) 2,4,5-trichlorocinnamic 
acid, m.p. 200-201°.] 

[For use of C in prepn. of dyestuffs see (5) (3).] 

2,4,6-Trichlorobenzaldoxime: unreported. 

2,4,6-Trichlorobenzaldehyde phenylhydrazone: unreported. 

2,4,6-Trichlorobenzaldehyde ^-nitrophenylhydrazone: unreported. 

2,4,6-Trichlorobenzaldehyde 2,4-dinitrophenylhydrazone: unreported. 

3:3375 (1) Seelig, Ann 237, 147-140, 1.51 (18H7). (2) Beilstein, Kuhlberg. A/m. 152, 238-239 
(18G9). (3) FiHcher Gcr. 25,827, June 23, 1883, Friedldndpr 1, 42 0877-87). (4) Geigy and 

Co., Ger. 198,909, Juno 1, 1908; Cent. 1908; II 214; [C A. 2, 2733-2734 (1908)]. (5) Perkin, 
demo (to British Dyestuffs Corp ), Biit. 105,058, July 28, 1921 , C.A 16, 835 (1922). 


3 : 3380 4,6-DICHLORORESORCINOL 


M.P. 113.3° (1) (2) 

113-113° (3) 
108-109° (4) 



0611402012 


Beil. VI - 830 
VIi-(403) 
Vl2-(819) 


Oryst. from Igr. — 0 is very sol. aq. (forms hydrate, m.p. 70°) (1); 0 is eas.'sol. ale., 
ether (1). — [For bactcricjidal action of 0 see (3).] 

[For prepn. of 0 from resorcinol (1 : 1530) with iV,A'-dichlorourea see (1); from 4-chloro- 
resorcinol (3:3100) with SO2CI2 (96% yield) see (3) cf. (4); (the prods, of m.p. 77°, b.p. 
249° (5), and m.p. 101°, b.p. 254° (6), may have been impure samples of 0).] 

[0 with AjiV'-dichlorourea KBr gives (2) 2-bromo-4,6‘dichlororesorcinol, m.p. 101°.] 
[0 with i\r, A '-dichloroiirea -f KI gives <7) 2-iodo-4,6-dichlororesorcinol, m.p. 94°.] 

[0 with ethyl a-ethoxyacetoacctatc in ale. NaOEt gives (4) 6,8-dichloro-3-acetyl-5- 
hydroxycoumarin, m.p. 236°.] 

Note that 0 does not (6) (9) condense with phthalic anhydride. 


® 4,6-DichlororesorcinoI dimethyl ether: ndls. from ale., m.p. 118° (8), 117-118° (9), 
116-117° (3). [From 0 with MC2SO4 + aq. alk. (3) (9).] 

3:3380 (1) Likhosherstov, J. Gen. Chem. (U.S.S.R.) 3, 164-171 (1933); Cent. 1934, I 1476; 
C.A. 38, 1675 (1934) (2) Likhosherstov, J. Gen. Chem. (U.S.S.R.) 3, 172-176, Cent. 1934, 

1 1476; C.A 38, 1676 (1934). (3) Moore, Day, Suter, J Am. Chem. Soc 56, 2458-2459 (1934). 

(4) Weiss, Kratz, Monatsh. 51, 395 (1929). (5) Reinhard, J. prakt. Chetn. (2) 17, 328-329 (1878). 
(6) Mettler, Ber. 45, 802-803 (1912). (7) Likhosherstov, J. Gen. Chem. {U.SS.R.) 3, 177-182 
(1933); Cent. 1934, I 1477; C.A 38, 1676-1677 (1934). (8) Honig, Ber. 11, 1039-1040 (1878). 
(9) Jacobs, Heidelbcrger, Rolf, J. Am. Chem. Soc. 41, 463 (1919). 
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3:3400 1A7-TRICHL0R0NAPHTHALENE CioH^Cls 

Cl 


M.P. IIB^ <1) (2) (3) 

113.6-113* (4) 

Ndls. from ale. 

[For prepn. of C from 1,3-dichloronaphthaIenesulfonyl chloride-7 [Beil. XI-183] (5), 
from IJ-dichloronaphthalenesulfonyl chloride-3 [Beil. XI-182] (6), from 3,7-dichloro- 
naphthalenesuifonyl chloride-1 [Beil. XI-162] (5), from 3-chloronaphthalene-l,7-6i8- 
(sulfonyl chloride) [Beil. XI-2151 (7), from 7-chloroiiaphthalene-l,3-6is-(sulfonyl chloride) 
[Beil. XI-212] (1) (3) (6) (7), from l-nitronaphthalenedisulfonic acid-3,7 [Beil. XI-216] 
(3) (4), or from 7-chloro-3-naphtholsulfonic acid-1 (2), each with PCls as directed, see indie, 
refs.; for formn. of C from /9-chloronaphthalene tetrachloride (1,2,3,4,6-pentachlorotetralin) 
[Beil. V-493] with ale. KOH see (8).] 

[C treated with ClSOsH in CS2 and reactn. prod. conv. to sodium salt as directed (1) 
yields sodium l,3,7-trichloronaphthalenesulfonate-7 (corresp. sulfonyl chloride, m.p. 
138* <l).l 

8:3400 <1) Turner, Wynne, /. Chem. Soc. 1941 , 247, 263-254. (2) Battegay, Silbermann, 
Kienule, Btdl. aoc. chim. (4) 49 , 718-719 (1931). (3) Armstrong, Wynne, Chem. News 61 , 93 
(1890). (4) A14n, Ber. 17 , Referate, 437 (1884). (5) Armstrong, Wynne, Chem. News 61 , 276 

(1890). (6) Armstrong, Wynne, Chem. News 76 , 69 (1879). (7) Armstrong, W 3 rQne, Chem. 
News 62 , 165 (1890). (8) Armstrong, Wynne, Chem. News 61 , 285 (1890). 
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METHANE V\ Vi-(346) 

(Triphenylchloromethane; V2-(616) 

• triphenylmethyl chloride; 
trityl chloride) 


M.P. 113* 

112-113* 

112 * 

111 - 112 * 

111 * 

110 . 6 - 112 * 

110 - 112 * 

110 . 0 - 110 . 6 * 

109.2* 

109* 

109-110* 

108-112* 

108-111* 

106-109* 

106* 

106-109* 


< 1 ) 

<2) (3); cor. <8) 
<4) (5) (6) (46) 
(7) (9) 

( 10 ) ( 11 ) 

( 12 ) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

( 20 ) 

(21) (60) 

(30) 


B.P. [310* at 20 mm. (22)] 
230-236* at 20 mm. (23) 


Colorless (12) or pale greenish-yellow (7) (8) cryst. from hexane + Ac(^ (1), dry ether 
(9), Igr. (7) (8), or dry CeHe + pet. ether (12) (17). — Ord. C frequently conts. two kinds 
of crysts., white and yellow, both melting at 110-112* (13). — C from CCI4 cryst. with 
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1 mole solvent; C from acetone cryst. with mole solvent; in both cases solvent is lost 
at 92® but not readily in air at ord. temp. (24). — [For study of x-ray crystallography of C 
see (26).] — Note that C cannot be recrystd. from MeOH or EtOH without more or less 
complete conversion to the corresp. trityl ethers (see also below under behavior of C with 
alcohols) . 

C may be stored satisfactorily in ord. screw-top bottles, provided they are well sealed 
with paraffin (7). — On long exposure to moist air, however, C is hydrolyzed (see also 
below) to triphenylcarbinol (1:5985), m.p. 161-162°; for f.p. /compn. diagram of system 
C + triphenylcarbinol, eutectic, m.p. 100°, contg. 90% C, see (26). — Samples of partially 
hydrolyzed C may be purified by recrystn. from % wt. of CeHe contg. 5-25% acetyl chloride, 
the latter reconverting the triphenylcarbinol to C (7). 

C is eas. sol. in ether, CsHe (100 g. CeHe dis. 85.8 g. C at 25° (35)), CCU, CHCls, or CS2, 
but is much less sol. in pet. ether (19). — Solns. of C in acetyl chloride (27) (29), benzoyl 
chloride (27), hot 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (27) (28), dichloro- 
ethylene (28), nitrobenzene (27), SOCI2 (27), SO2CI2 (29) are yellow; for study of effect 
of temp, see (27). — Solns. of C in liq. SO2 are also yellow (29) and conduct electric current 
(30) (31) (32); for study of molecular weight of C in liq. SO2 see (33). — C is very sparingly 
sol. in liq. NH3 but soln. conducts elect, current (34). 

[The protracted arguments on the constitution of C and of trityl derivatives in general 
(controversy over carbonium and quinonoid forms, etc.) cannot be detailed within the 
scope of this book; however, for leading references since 1920 see (36) (37) (38) (39) (40) 
(41) (42) (43) (44) (45); for earlier references see Beil. V-700.1 

PREPARATION OF C 

The two best-studied preparations of C are those from triphenylcarbinol (1:5985) with 
AcCl (3:7065) in CeHe (93-95% yield (12)) and from CCI4 (3:5100) with CeH® -|- AICI3 
(84-86% yield on AICI3 used (7) (8)). Note, however, that many other methods have 
also been used as recorded below. 

From triphenylcarbinol (1:6986). [For prepn. of C from triphenylcarbinol with AcCl 
(3:7065) directly (79% yield (46)) or in CeHe soln. (93-95% yield (12)); with oxalyl 
(di)chloride (3:5060) (47); with HCl gas in dry CeHe (48) (for study of equilibrium see 
(49)) contg. CaCb (9) or in dioxane at 50° for 22 hrs. (86% yield (14)); with cone. HCl in 
AcOH (79% yield (50)) or in CeHe + ZnCb (85% yield (51)); with PCU directly (52) or 
in Igr. (53) or in CeHe (29) or in CeHe + ZnCl2 (90% yield (51)); with PCI3 -|- ZnCl2 in 
CeHe (92% yield (51)); with SOCI2 in CeHe (97% yield (51)); ^ith SiCU in CeHe or Igr. 
at 40° (54), or with COCI2 (3:5000) in CeHe + CaCb (5) see indie, refs.] 

From other triphenylcarbinol derivatives. (For prepn. of C from K triphenylcarbinolate 
with COCI2 (3:5000) in toluene (5); from triphenylmethoxy — MgBr, (CeH6)3C — OMgBr 
(from benzophenone + CeHeMgBr), with AcCl in CeHe (37% yield (55)) or with COCI2 
in toluene (14% yield (55)); from triphenylcarbinol ethyl ether (see also below) with Aids 
in CS2 (56) or with AcCl (46) (57) see indie, refs.] 

From various other trityl derivatives and relatives. [For prepn. of C from «-bromotri- 
phenylmethane (trityl bromide) with AgCl in CeHe in s.t. at 200° for several days (50% 
yield (57)); from a-aminotriphenylmethane (tritylamine) (Beil. XlI-1343, XIIi-(567)] 
with NH4CI in liq. NH3 (34); from triphenylmethylphosphinic acid [(C6H6)3C(PO)(OH)2l 
with PCI5 (3 moles) at 70° (91% yield (20)); from triphenylmethane (1:7220) with PCU 
at 160° for 2 hrs. (65% yield (58)) or with NOCl at 150° (59) see indie, refs.] 

[For prepn. of C from triphenylacetyl chloride (Beil. IX-713, IXi-(309)] by loss of CO 
on htg. at 120-150° (60) or at 170-180° (61); from his-(triphenylmethyl) peronde [Beil. 
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VI-716, VIi-(350)] with CI2 + a little I2 in boilg. CCI4 soln. for 3 hrs. (40% yield (23)) 
see indie, refs.] 

From benzene with various polyhalogenated methanes. [For prepn. of C from CeHe 
(1:7400) with CCI4 (3:5100) in pres, of AICI3 (84-86% yield on AICI3 used (7) (8); 70- 
85% yield (18)) cf. (62) (63) (64) in CS2 (97% yield (19)) see indie, refs.; for use of FeCla 
(31% yield against 77% with AICI3 under otherwise same conditions (10) cf. (65)) see 
indie, refs.] 

[For prepn. of C from CeHe (1 :7400) with CHCI3 (3:5050) + AICI3 at 50° see (22).] 
(Forformn. of Cfrom CeHe with dichloro-difluoro-methane (“ Freon ”)-f AICI3 see (66).] 
From various chlorotoluenes. [For formn. of C from benzotriehloride (3:6540) with 
CeHe in pres, of metallic U (67), Ti (68), Ce (69), or Cr (21) see indie, refs.; from benzal 
(di)chloride (3:6327) with CeHe + AICI3 see (22).] 

From various chlorodiphenylmethanes. [For formn. of C from a-chlorodiphenylmethane 
(benzohydryl chloride) (3:0060) (22) or from a,a-dichlorodiphenylmethane (benzophenone 
chloride) (3:6960) (70) with CeHe -}- AlC^ls see indie, refs.] 

From other miscellaneous sources. [For formn. of C from pentaphenylethane [Beil. 
V-755, Vi-(386), V2-(711)l with PCI5 at 170° for 2 hrs. or refluxed in ("eHe (58), or (to- 
gether with other products) with HCl at 150° (71) or on evapn. of soln. in 803(^2 (72).] 


CHEMICAL BEHAVIOR OF C 

Pyrolysis of C. C on htg. at 200° (52) (73) or 250° (53) or at 150° in pres, of P2O6 (74) 
loses HCl and yields both tnphenylmethane (1:7220), m.p. 92°, and 9-phcnylfluorene 
[Beil. V-720, V-i(355), V2-(630)], m.p. 147-148°; note that 9-phenylfluorene is also formed 
from C in various other reac^tions such as with POC^s on distn. (23) or with Ko wt. of mossy 
zinc refluxed in CeHe for 5 hrs. (75), 

Reduction of C. C is reduced to triphenylmethane by many different types of reducing 
agent [e.g., C in anhydrous formic acid (1:1005) at 100° evolves CO2 + HCl and gives 
(yield: 79% in 30 mm., 90% in 2 hrs (4)) triphenylmethane (1:7220); C in EtOII treated 
with cone. H2SO4 at 70-80° gives (76) (17) triphenylmethane accompanied by acetaldehyde 
(1:0100); C is reduced by diethyl other in the presence of AICI3 (56) (77), FeCL (65), or 
ZnCl2 (78) to triphenylmethane (1:7220), acetaldehyde (1:0100) and ethyl chloride 
(3:7015) also being formed; other reagents which effect reduction of C to triphenylmethane 
(1:7220) include hydrazobenzene in boiling CeHe (79), cyclohexadiene-1,3 (dihydroben- 
zene) + HgCL (80); Zn -f Ac^OH (50) (reaction here is complex, and various other prods, 
may be formed according to conditions), and dry H2B at 150° (81)]. 

Oxidation of C, C is not readily oxidized: C with silver oxide in dry CeHe or ether gives 
(78) a little fuchsone, (C6H5)2=CeH4=0 IBeil. Vll-520, Vlli-(290)], m.p. 168°, together 
with other amorphous products difficuk to purify; note, however, that C in alcohol-free 
acetone with KMn04 in same solvent instantly reduces the KMn04 and gives (100% yield 
(85)) triphenylcarbinol (1:5985). 

Hydrolysis of C. C with aq. hydrolyzes to triphenylcarbinol (1:5985) HCl: e.g., 
C on sha^ng with aq. at ord. temp, is 85% hydrolyzed in 48 hrs. (26) cf. (82) (83) (in this 
connection note m.p. /compn. diagram (26) of C + triphenylcarbinol) ; C with boilg. aq. 
rapidly and completely yields only triphenylcarbinol. 

[For study of hydrolysis of C by aq. in acetone (84), in dioxane (14), or by aq. HCl (35) 
see indie, refs.] 

C dissolves in cold cone. H2SO4 yielding (86) (48) (87) a golden-yellow soln. with evolu- 
tion of HCl (88) (86) (48) and formn. of triphenylcarbinyl hydrogen sulfate; dilution of 
this soln. with aq. ppts. (99% yield (86) (48)) triphenylcarbinol (1:5985). 
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[C dissolves in phenol with deep brown color; on dilution of the freshly prepd. soln. 
with aq. it becomes colorless and both HCl and triphenylcarbinol are detectable; if, how- 
ever, the phenol soln. has stood for some time prior to dilution some p-tritylphenol [Beil. 
VI-731, VIi-(364)], m.p. 282°, is also formed <89) (see also below under behavior of C 
with phenols).] 


BEHAVIOR OF C WITH OTHER INORGANIC REACTANTS 
With Salts op Various Inorganic Acids 

With Salts of Hydrogen Peroxide 

[C in acetone with 30% H2O2 in freezing mixt. treated with 50% KOH gives (90) trityl 
hydroperoxide, (C6H6)3C — O — OH (isolated as its addn. cpd. with pyridine hydrochloride, 
viz., (C6H5)3C — O — OH.C5H5N HCl, cryst. from ale., m.p. 133° dec.), accompanied by 
some triphenylcarbinol (1:5985).] 

[C in CeHe with aq. Na202 as directed (91) gives (5-11% yield) 6is-trityl peroidde, 
(C6H5)3C — O — O— C(C6H6)3, cryst. from hot CS2, m.p. 185-186°, accompanied by much 
triphenylcarbinol; the 6is-trityl peroxide is also obtainable from the trityl hydroperoxide 
(above) by reaction with C in CeHe on addn. of aq. alk. (90).] 

With Salts of Halogen Hydrides 

With alkali or alkaline-earth salts. [C with alkali fluorides seems not to have been 
studied; note, however, that trityl fluoride, cryst. from CdU, m.p. 104° (6), has been prepd. 
by other means, viz., from triphenylcarbinol with HF (6) or with acetyl fluoride (85).] 

[C with anhydrous CaBr2 in CeHe at room temp, for 5-6 hrs. (92) or C with HBr in 
CeHe at room temp, for 20 hrs. (92) is largely converted to trityl bromide [Beil. V-704, 
Vi-(348), V2-(617)], m.p. 152°.] 

[For study of rate of reaction of C with KI in dry acetone at 0° see (93); note, however, 
that, although trityl iodide [Beil. V-706], m.p. 132°, is doubtless formed, yet more or less 
sepn. of I2 and formn. of tripheiiylmethyl (or its reaction prods.) occurs also.] 

With metal chlorides. C with many metallic chlorides forms double salts [e.g., C with 
AICI3 forms (19) (87) a cpd., C.AICI3, dark-yellow very hygroscopic cryst. from nitro- 
benzene 4- CS2, dec. abt. 122-125°; C in nitrobenzene with SnCU gives on addn. of dry 
CS2 or.-yel. cryst. of a cpd., C.SnCU (30) (57) (87) (94); C with SbCU gives (57) a cpd., 
C.SbCU, red cryst.; C with BCI3 gives a cpd., C.BCI3 (6), etc.]. 

With Salts of Hydrogen Svlfide 

[C with ale. NaSH (from ale. NaOEt satd. with H2S) (81) cf. (95) (96), or C with KSH 
in CeHe (96), gives triphenylthiocarbinol [Beil. VIi-(352)], cryst. from abs. ale. or ale. -f- 
CHCI3, m.p. 107° (81) (95). — C with ale. Na2S as directed gives (21% yield (95)) bis- 
trityl sulfide, m.p. 182° dec. — Note also that 6w-trityl disulfide, cryst. from CeHe 4* pet. 
ether, m.p. 157° dec. (95) [Beil. VIi-(353)], is also known but prepd. indirectly (81) (95) 
(96).] 

With Other Salts of Inorganic Adds 

[C with Ag2S04 in liq. SO2 (23), CeHe (97), or at 120-130° for 15-20 min. (98) cf. (48) 
gives di-trityl sulfate [Beil. VI-717, VIi-(351)]. — C with AgC104 in nitrobenzene -h CeHe 
gives (99) trityl perchlorate [Beil. VI-717, VIi-(351)]. — C with AgCr04 in CeHe gives 
(48) cf. (100) di-trityl chromate [Beil. VI-7171; note that this salt is also obtd. from C with 
CrOs in CeHe or CCI4 (101).] 
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(C with NaNs in C«H» refluxed 20 hrs. gives (100% yield (102» trityl azide [Beil. V-708, 
Vi-(349), V2-(618)], colorless cryst., m.p. 64° (102>, 66° (IM). — For study of reaction of 
C with silver hyponitrite and decoinpn. of the transient trityl hyponitrite see (104).] 

With Metal Oxides 

[C with HgO in dry CjHe, ether, CSs, or CHCU as directed (78> cf. (105) (106) gives 
(50-85% yield (78)) di-trityl oxide, cryst. from xylene, m.p. 237-238° (106), 235-237° 
(78) (106). — Note that C with AgjO in CdHe undergoes oxidation (cf. above); note that 
C with CrOs in CjHo or CCI4 gives (101) di-trityl chromate [Beil. ¥1-717].] 

With Metals 

With alkali metals (or their amalgams). [C in dry ether with 1% Na/Hg on shaking 
at room temp. (2) (8) (107) (108) (109) or C with Na in liq. NH3 (112) gives tritylsodium 
(sodium triphenylmethyl) [Beil. XVli-(5S9)]. C with K in liq. NH3 gives (112) trityl- 
potassium. — C in dry ether with excess IJ/Hg, Rb/Hg, or Cs/Hg in absence of air 
gives (113) corresp. trityllithium, trityirubidium, or tritylcesium. For behavior of C 
with calcium in liq. NH3 see (112). — In this connection note that C in dry ether, CeHe, 
or CS2 in absence of air and under CO2 with molecular Ag (91) cf. (117), Hg (91), Zn (91) 
(114) (115), or C with Cu bronze in CeHe + EtOAc (116) or in s.t. at 80-110° in dark (117) 
gives triphenylmethyl (trityl); note also that C with Zn -f AcOH in the cold gives (60) 
triphenylmethane (1 : 7220) + trityl, but the same mixture if heated gives triphenylmethane 
-h l-benzohydryl-4-tritylbenzene [Beil. V-761], m p. 231° (118), 230° cor. (119), the latter 
under certain conditions attaining as high as 70% (50) (118).] 

With Zn. [C with Ho wt. of mossy zinc refluxed in Celle for 5 hrs^ gives (75) 9-phenyl- 
fluorene (see also above under p)rrolysis of C). — For behavior of C with Zn in EtOAc 
see (120).] 

With Mg (in dry ether). C with Mg in dry ether in the pres, of I2 as directed gives 
(96% yield (13)) cf. (121) of corresp. R — Mg — Cl cpd., viz., trityl — Mg — Cl [Beil. XVI-942, 
XVIi-(556)]. — [The former controversy as to whether this can exist in a more reactive 
quinonoid structure (a) or a relatively less reactive carbonium (/3) structure cannot be 
reported here (for references see above Beilstein citation), nor can space be taken for a 
full account of its reactions.] — Note, however, that this RMgCl cpd. with CO2 gives 
(yields: 91% (2), 87.6% (121)) (122) (59) triphenylacetic acid [Beil. IX-712, IXi-(309)], 
m.p. 264-265° dec. (122); for study of adverse influence of triphenylcarbinol or of benzalde- 
hyde see (121). 

^ With Nitrogenous Inorganic Reactants 

[C dislvd. in CeHe and satd. with dry NHs gas (123) (124) repeatedly (125), or C in 
naphthalene with dry NH3 gas at 130° (126), gives (45% yield (126 ) ) tntylamine (triphenyl- 
methyl-amine) [Beil. XII-1343, XlIi-(557)], pr. from abs. ale., m.p. 102° (126), 103-104° 
(124), 106° (127) (corresp. B.HCl, spar. sol. aq., m.p. 244° (127)).] 

[C with NH2OH (from NH2OH.HCI in MeOH/NaOMe) in CeHe gives (73-75% yield 
(3)) (128) cf. (129) i\r-tritylhydroxylamine [Beil. XV-33, XVi-(ll)], pr. from CeHe/pet. 
ether, m.p. 13(1-135° (3), 124-136° u.c. (128); for study of rearr. of this prod, see (129). — 
For study of AT’-methyl ether of this prod., viz,, AT-trityl-N-methylhydroxylamine (similarly 
prepd. from C with AT-methylhydroxylamine) see (130) (131); for study of the isomeric 
0-methyl ether, viz., AT-trityl-O-methylhydroxylamine (from C with methoxyamine), 
see (132).] 

[C with hydrazine hydrate (2 moles) in ale. at ord. temp. (232) or in dry ether under 
reflux (233) or in dry pyridine at 45-60° (234) gives (63% yield (234)) Ar,Ar'-di-tritylhydra- 
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zine («,a'-hydrazotriphenylmethane) [Beil. XV-582, XVi-(184)], m.p. 212® <234), 219-220® 
dec. (236), often accompanied (232) (233) by some ^-tritylhydrazine [Beil. XV-^l, 
XVi-(184)].] 

BEHAVIOR OF C WITH ORGANIC REACTANTS 
With Organic Hydroxy or Mercapto Compounds 
With Alcohols 

C with alcohols gives the correep. ethers of triphenylcarbinol. With the lower mono- 
hydric ales, this conversion can occur merely on solution and warming, but higher ales, 
usually require htg., use of metal alcoholate, use of an acid acceptor (pyridine), etc. 

With methyl alcohol. C with MeOH (1:6120) in CeHe for 10 min. (133), or C with 
MeOH/NaOMe refluxed 4 hrs. (134), gives (55% yield (134)) triphenylcarbinyl methyl 
ether (a-methoxytriphenylmethane), cryst. from MeOH, m.p. 83.5-84® (133), 82.5-83® 
(134), 82.6-82.9° (134) (136), 82° (64); note, however, that this product exists in dimorphous 
forms; the lower-melting form just mentioned sometimes (134) (135) changes to a higher- 
melting form, m.p. 96.0-96.5® (134) (135); note also that the m.p. of this methyl etheir is 
close to that of the ethyl ether (ace below) but that a mixed m.p. of the two is depressed 

(136) . — [For studies of hydrolysis of the methyl trityl ether to triphenylmethane (1:7220) 
and formaldehyde (1:0145) see (134) (136); for prepn. of its addn. cpd., m.p. 90-91®, with 
PkOH see (138) 1 

With ethyl alcohol. C with abs. EtOH (1:6130) on warming (1) (4) (5) (52) or even 
shaking 1 min. at ord. temp. (139), or C with abs. EtOH/NaOEt (9) (56) (134) (139), 
gives (yields: 83% (138), 50% (134)) triphenylcarbinyl ethyl ether (a-ethoxytriphenyl- 
methane), cryst. from abs. ale., ether, or pet. ether, m.p. 84° (5), 83® (1) (9), 81.2-81.8® 
(134), 81.3® (56), 81° (4). — Note that the m.p. of this prod, is almost identical with that 
of triphenylcarbinyl methyl ether (above) but that a mixed m.p. of the two is depressed 

(137) . — [For study of pyrolysis of this ethyl trityl ether yielding triphenylmethane (1 : 7220) 
and acetaldehyde see (134) (136); for study of its cleavage with AcCl (3:7065) (57) (46), 
with AICI3 in CS2 (56), or with EtOH/HCl (26) see indie, refs.; for conversion with boilg. 
anhydrous formic acid to triphenylmethane (1:7220) see (4).] 

With other monohydric ales. [C with n-PrOH (1 : 6150) in dry pyridine at room temp, 
for 20 hrs. (140), or C with n-PrOH/NaO n-Pr refluxed 4 hrs. (134), gives (10% yield (134)) 
trityl n-propyl ether, cryst. from n-PrOH/ pet. ether, m.p. 55° (140), 50.5-52.6° (134). — 
C with isopropyl ale. (1 : 6135) in dry pyridine at room temp, for 20 hrs. (140) or C with 
isopropyl alc./Na isopropylate under reflux gives (50% yield (134)) trityl isopropyl ether, 
m.p. 113° (140), 112.9-113.8® (134), 111.7® (56). — C with ti-BuOH (1:6180) + sodium 
n-butylate ©ves (40% yield (134)) trityl n-butyl ether, oil, b.p. 196-198° at 5 mm. (134). — 
For prepn. of corresp. trityl ethers from «ec.-butyl ale. (1 : 6155) (134), iaobutyl ale. (1 : 6166) 
(134), isoamyl ale. (1:6200) (134), cetyl ale. (1:5945) (140), allyl ale. (1:6145) (140), 
benzyl ale. (1:6480) (134), cyclohexanol (1:6415) (140), see indie, refs.) 

[For prepn. of corresp. trityl ethers from 1-menthol (1 :5940) (152) (163) (154), d-bomeol 
(1:6990) (152) (153), or cholesterol (1:5975) (152) see indie, refs.] 

[Note, however, that C with K triphenylcarbinolate does not give the expected prod, but 
father (96) p-hydroxytnphenylcarbinol in the form of its anhydride fuchsone; the expected 
ditrityl ether has been obtd. from C by action of HgO (see above).] 

With various important substituted monohydric alcohols. [C with jS-methoxyethanol 
(methyl “ cellosolve ”) (1:6405) in pyridine gives (80-85% yield (141)) trityl /3-methoxy- 
ethyl ether, m.p. 105.5-106.0® u.c. (141), 104® (142). — C with /3-ethoxyethanol (“cello- 
solve ”) (1:6410) in p3rridine at 100® for 5 hrs. gives (92% yield (141)) trityl /3-ethoxyethyl 
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ether, m.p. 79.0-79.5® u.c. <141), 77-78® (143). — C with /3-isopropoxyethyl ale. (isopropyl 
“ cellosolve ”) (1:6413) in pyridine gives (50--60% yield <141)) trityl ^-isopropoxyethyl 
ether, m.p. 71,0-71.6® u.c. <141). — C with /3-benzyloxyethyl ale. (benzyl “ cellosolve ”) 
(1:6533) in pyridine gives (60-70% yield <141)) trityl jS-benzyloxyethyl ether, m.p. 7^77® 
u.c. <141). — C with /3-phenoxyethyl ale. (phenyl “ cellosolve '*) (1:6518) in pyridine 
gives (75-85% yield <141)) trityl ^-plienoxyethyl ether, m.p. 123.5-124.0 u.c. Ufl).] 

[C with j8-(/3-methoxyethoxy)cthyl ale. (methyl “ carbitol ”) (1:6458) in p 3 rridine gives 
(55-60% yield <141)) trityl /3-(/3-methoxyethoxy)ethyl ether, m.p. 68-59® u.c. <141). — 
Note that the trityl ethers of /3-(/3-ethoxyethoxy)ethyl ale. (“carbitol**) (1:6470) and 
of /3-(i8-n-butoxyethoxy)ethyl ale. (butyl “carbitol**) (1:6517) are unreported.] 

With various polyhydric alcohols. (For C with carbohydrates see separate section 
below.) 

[C with ethylene glycol (1 *6465) in pyridine may according to conditions <141) give 
either or both of the two possible ethers, viz., ethylene glycol monotntyl ether, m.p. 105- 
105.5® u.c. <141), 104.5-105.5® <144), 102-103® <143), 98-100® <140) (corresp. benzoyl 
deriv. m.p. 58.5-59.5® <144); corresp. p-nitrobenzoyl dcriv., m.p. 155-156® <144)), and/or 
ethylene glycol ditrityl ether, m.p. 190® u c. <145), 187-188® u.c. <141), 185-186® <140).] 

[C with propylene glycol (propanediol-1,2) (1:6455) in pyridine gives (146) propylene 
glycol ditrityl ether, m.p. 176.5-177.0® u.c. <146).] 

[C (2 moles) with diethylene glycol (1:6525) in pyridine gives (60-70% yield <141)) 
diethylene glycol ditrityl ether, m.p. 157.5-158.0® u.c. <141); note that corresp. diethylene 
glycol Tnonotrityl ether has m.p. 112.5-113.5® u.c. <141).] 

[C (2 moles) with tricthylene glycol (1:6538) in pyridine gives (45-60% yield <141)) 
triethylene glycol ditrityl ether, m p. 142.0-142.5° u.c. <141 ); note that this prod, is di- 
morphous, and an unstable form, m.p 130.5-131.5® u.c., sometimes obtd. can bo converted 
to the stable higher-melting form by htg. at 125® or by grinding in acetone <1 11).] 

[C with glycerol (1:6540) may give mono-, di-, or tritrityl ethers acc. to conditions; 
glycerol a-monotrityl ether, m p. 93-94® (147), 92-94® <140), but also sometimes in another 
form of m.p. 108-110® <147) <148), 109-110® <149); glycerol a,a'-ditrityl ether, m.p. 174- 
177® <150), 174-176® cor. <151), 170-171® <140); glycerol a, a', trityl ether, m.p. 196- 
197® <147) <150). — Note that the relationships of these three ethers are subtle; eg., the 
monoether at 180-190® is converted <147) into the a,a'-diether; the latter in turn at 260® 
gives <147) the triether.] 

[C (4 moles) with pentaerythritol (1:5850) in pyridine gives <145) a tetratrityl ether 
m.p. above 350°.] 

With carbohydrates and their relatives. C has recently been much employed as a 
tritylating agent for compounds of the carbohydrate group. This use started from the 
original (erroneous) impression that C etherified hydroxyl groups only if the latter were 
primary. However, although C does in general react preferentially with such primary 
hydroxyls, and this reaction has been proposed <155) as a means for the detection of primary 
ales, in the presence of secondary and/or tertiary alcohols, yet such primary tritylation 
is not specific. Abundant evidence is already available <156) <157) <158) <159) that second- 
ary hydroxyl groups undergo tritylation. Although the scope of this book cannot be 
extended to a detailed treatment of the use of C as tritylating agent in the carbohydrate 
group, yet a few brief citations may be of service as leading references. 

With various tetrahydric alcohols. [For behavior of C with ?7ieso-erythritol (1:5825) 
and pentaerythritol (1:5850) see <145).] 

With various pentahydric alcohols and pentoses. [For behavior of C with adonitol, 
arabitol, xylitol, fucitol, rhamnitol, and epirhamnitol see <145); with arabinose, ribose, and 
xylose see <160); with various derivatives of these see <158) <167) <168).] 
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With various hexahydric alcohols and hexoses. [For behavior of C with mannitol 
(145) (161), sorbitol (145), dulcitol (162) see indie, refs.; with d-glucose (163) (164) (165), 
with d-galactose (165), with fructose (160) (166); with various derivs. of these see (159) 
(169) (152) (170) (171) (172) (173).] 

With various disaccharides. [For behavior of C with sucrose (174), maltose (174), turan- 
ose (175) see indie, refs.] 

With various polysaccharides. [For behavior of C with raflfinose (174), glycogen (176), 
starch (177), cellulose (177), and arabogalactan (178) see indie, refs.] 

With thiols (for thiophenols see below). C with mercaptans yields the corresp. trityl 
thioethers [c.g., C with MeSH in dry ether or CeHe gives (179) (180) trityl methyl sulfide 
[Beil. VIi-(352)], Ifts. from MeOII, m.p. 105° (179); C with EtSH similarly gives (179) 
(180) trityl ethyl sulfide [Beil. VIi-(353)l, m.p. 125° (179). — C with Na triphenylthio- 
carbinolate in ale. on htg. gives (95) ditrityl sulfide, m.p. 182° dec. (also obtd. from C 
+ abs. ale. Na 2 S) — For tritylation with C of SH groups in mercaptoacetic acid, or 
mercaptopropionic acid (thiolactic acid), /3-mercaptopropionic acid (thiohydracrylic acid, 
oc-mercaptosuccinic acid (thiomalic acid) see (180)]. 

With phenols. C with phenols (as with alcohols) gives in general the corresp. trityl 
ethers; however, with phenols there is a further complication in that either rearrangement 
of the tntyl radical of the ether or direct nuclear alkylation by the trityl radical of C (or 
both) may occur according to the conditions employed, the latter reaction being profoundly 
favored by dissociating solvents. 

With phenol (or Us salts). [C with KOCelle (89) (181) cf. (182) or NaOCeHs (139) (182) 
in dry ether gives (yields: 90% (139), 71% (181), 70% (182>) trityl phenyl ether (a-phe- 
noxytriphenylmethane) [Beil. VI-716, VIi-(350)], mp 103° (89) (165) (181), 102° (139) 
accompanied by some p-tritylphcnol (4-hydroxytt‘traphenylmethane) [Beil. VI-731, VIi- 
(364)], m.p. 282° (182), 280° (179); noU*. that the latter, wliich under favorable circumstances 
may represent as much as 74% yield (182), may be separated from the former by use of 
“ Claisen’s alkali ” (182), was originally (89) ovcilooked; note, also, that C with phenol 
(1:1420) in pyridine at 100° for 33^ hrs. gave 28% yield (165) trityl phenyl ether, while 
C with phenol at 130-140° for 4 hrs. gave (182) cf. (179) only 1.5% of this product and 
98.5% of the isomeric p-tritylphenol.] 

With the 3 cresols. [C with o-cresol (1 : 1400) in pyridine at 110° for 5-6 hrs. (183) (181) 

(184) or C with sodium o-crcsolate in dry ether refluxed 2 hrs (183) gives (yields: 31-53% 
(183) trityl o-tolyl ether, m.p. 112-113° (183) (181), 112 5° (184), accompanied by as much 
as 26% (183) of the isomeric nuclear tritylation prod., 4-trityl-2-methylphenol, m.p. 186° 

(185) , 185° (181), 183° (183) (186), 182-183° (187); C with sodium o-cresolate in excess 
o-cresol at 120° for 33^ hrs. (183) or C with o-cresol at 180° for 5 hrs. (181) or in pres, of 
ZnCl 2 at 180° for hr. (181) gives (33% yield (183)) 4-trityl-2-methylphenol. — Note 
that this latter cryptophenol was originally (181) (183) (184) supposed to possess the 
structure a-(o-hydroxyphenyl)-^,/3,/3-triphcnylethane, but this erroneous view has since 

(186) (187) cf. (188) (189) (195) been corrected.) 

[C with the sodium salt of m-cresol (1 : 1730) in dry ether under reBux 2 hrs. gives (53% 
yield (185)) trityl m-tolyl ether, m.p, 101° (185), none of the expected nuclear tritylation 
prod., viz., 4 (or 2)-trityl^methylphenol being found although the latter has subsequently 
(190) (186) been otherwise obtained and found to have m.p. 213-214° (190), 213° (186).] 

[C with TMjresol (1 : 1410) in dry pyridine at 100° for 7 hrs. (181) or 5 hrs. (191) (26) or 
C with sodium p-cresolate in dry ether refluxed 2 hrs. (185) gives (yields: 80% (191), 
50-60% (185)) trityl p-tolyl ether, the latter being definitely trimorphous and occurring 
in three forms; viz., m.p. 114° (185), 113-114° (191) (192) (26); m.p. 95° (193) (194); and 
m.p. 81° (181) (193) (194) (note that the lower-melting forms tend to convert to the 114° 
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type il94)) accompanied by a trace of a cryptophenol, presumably 2-trityl-4-methyl- 
phenol, m.p. 182® (185) (190), also obtd. (64% yield (190)) from C with sodium p-cresolate 
in excess p-cresol at 130-140® for 3 hrs.] 

With other phenols. [For further examples of nuclear tritylation of phenols by use of 
(5 with isochavibetol and isoeugenol sec (196) cf. (26); with 2-hydroxynaphthoquinone-l,4 
see (197). — For formn. of di-trityl ethers from pyrocatechol (1 : 1620) (140) or from 
hydroquinone (1 : 1590) (198) sec indie, refs.] 

With thiophenols. C with thiophenol on hig. (199) or in CeHe soln. on refluxing ^ hr. 
(180) (179), or C with NaSCeHs in ether at ord. temp, for 18 hrs. (200) (201), gives (yield 
^m. quant. (199) (200), 96% (180)) trityl phenyl sulfide, m.p. 106.5° (180), 106° (201), 
105-106® (199) (200), 105® (179); this prod, on oxidn. with CrOs/AcOH gives (199) the 
corresp. sulfoxide, m.p. 163°, but is unaffectcid by H2O2 (199) [for corresp. sulfone, m.p. 
175-176® (210), see bdow under reaction of C with salts of organic acids (sodium benzene- 
sulfinate)]. 

[For corresp. sulfides from C with o-thiocresol, p-thiocresol, a-thionaphthol, ^-thio- 
naphthol, 2,4-dinitrothiophenol see (201).] 

With enols or enolates. [For examples of reaction of C with the enol form of diphenyl- 
acetaldehyde (202), methyl diphenylacetate (202), or with stilbenediol bis-Mgl cpd. (203) 
see indie, refs.] 

Behavior of C with Ethers 

C with various aliphatic ethers in the pres, of suitable catalysts yields triphenylmethane 
and an aldehyde [e.g., C with diethyl ether in the pres, of AICI3 (56) (77), FeCls (65), or 
ZnCl2 (78) gives triphenylmethane and acetaldehyde; although the latter is lost by poly- 
merization the method is standard (77) for prepn. of triphenylmethane (1:7220)]. 

[Note, however, that with aromatic ethers nuclear tritylation occurs: e.g., C with anisole 
(1:7445) -f SnCl4 at 100-110® for 1 hr. gives (45% yield (204)) 4-tritylanisole, m.p. 200.5® 
(204),] 

Behavior op C with Organic Acids 

(For salts of organic acids see below.) 

C with AcOH even at 13° (133) (146) cf. (50) is in equilibrium with trityl acetate (see 
below) 4- HCl. — C with thiolacetic acid (CH3COSH) gives trityl thiolacetate [Beil. 
VI-721, VIi-(353)], m.p. 138® (179). —C with thiolbenzoic acid (CeHsCOSH) in toluene 
gives (85% 3deld (180)) trityl thiclbenzoate [Beil. IX-422, IXi-(170)], m.p. 187.5-188® 
(180). — C with free thiocyanic acid in CeHe gives (97% yield (180)) trityl thiocyanate, 
m.p. 139° (180) (see also below). 

Behavior op C with Salts op Organic Acids 

C with salts of organic acids normally reacts to yield the corresp. trityl esters. 

C with AgOAc in dry ether or Cell® on shaking at room temp. (57) or in CeHe refluxed 
2 hrs. (46), or C shaken with NH4OAC in CeHe at ord. temp. (205), gives trityl acetate, 
cryst. from AcOEt + Igr., m.p. 87-88® (46) (57). — C with AgOBz in CeHe at 60® for 
4 hrs. gives (96) trityl benzoate, m.p. 165-166® (96). — Note that in analogous fashion 
C might be expected to react with silver salts of p-nitrobenzoic and 3,5-dinitrobenzoic 
acids to give corresp. esters, but these are unreported. 

[C with excess dry Ag2C03 in dry CeHe shaken 24 hrs. gives (60-80% yield (106» (105) 
ditrityl carbonate, cryst. from xylene, m.p. 209° dec. (106), 206-210® (105); this prod, on 
htg. in xylene in pres, of Cu pdr. decomposes (106) (105) into CO2 and ditrityl ether, m.p. 
237-238® (106) (see also above under C with HgO).] 

[C with excess Hg(CN)2 at 150-170° for 1 hr. gives (aim. 100% yield (53)) on extraction 
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with CeHe <53 ) <206) <207) trityl cyanide (triphenylacetonitrile) [Beil. IX-714, IXi-(309)], 
pr. from AcOH, m.p. 129° <208), 127^° <53).] 

[C with mercury fulminate in dry Calle under cooling gives (65% yield <208)) trityl 
cyanide oxide, (C6H6)3CNO, ndls. from ale., m.p. 153-154° <208).] 

[C with KSCN in dry CgHe shaken at room temp, for 2 days gives <209) trityl thiocyanate 
[Beil. VI-721], m.p. 137° (209) (see also above under C with organic acids (HSCN)).] 

[C with sodium benzenesulfinate in dry ether gives <210) trityl phenyl sulfone [Beil. 
VI-721], Ifts. from ether, m.p. 175-176° <210); note that corresp. sulfoxide (see above under 
behavior of C with thiophenol) has m.p. 163°. — Similarly, C with sodium p-toluenesulfinate 
in dry CeMf® gives <179) trityl p-tolyl sulfone [Beil. VIi-(363)], mp. 173° <179).] 

Behavior of C with Organometallic Compounds 

This topic cannot be fully expanded within the scope of this book, but the following 
examples will serve as leading references. 

With organo-alkali compounds. [C with Li 7i-butyl in pet. ether for 9 days gives (26% 
yield <211)) 1,1,1-triphenylpentane, m.p. 153-154° <211). — C with Li CeHfi gives <212) 
free trityl isolated in form of (20% yield) ditrityl pieroxide.] 

[C with Na n-butyl or Na trityl m liq. NH3 + toluene <112) or C with Na trityl in dry 
ether <108) gives free trityl, — C with Na 4- tetraphenylethylene as directed gives (213) 
pentaphenylethyL] 

With RMgX compounds. C with MeMgBr <214) or C with McMgl <215) gives no gas 
(216) cf. <217) <218) but couples giving (yields: 95% <214), 70% <215)) 1,1,1-triphenyl- 
ethane (a-methyltriphenylmethane) [Beil. V-709, Vi-(350)], cryst. from ale., m.p. 94-95° 
<214) (215), 94.8-95 0° (15); note that this prod, is also obtd. from MeMgBr with trityl 
acetate (61% yield (219)) or from K trityl with Mel in liq. NH3 (85-94% yield (220)). 

[C with EtMgBr in dry ether reacts rapidly and quant. (221) yielding (215) not only 
the expected 1,1,1-triphcnylpropane [Beil. V-712], m.p. 51° (215), but also (215) triphenyl- 
methane (1:7220) and ethylene ] 

[C with 7i-PrMgBr in dry ether gives (215) not only 1,1,1-triphenylbutane, m.p. 79° 
(215), but also considerable triphenylmethane (1:7220). — C with iso-PrMgBr in dry 
ether gives (215) not only l,l,l-triphenyl-2-methyl propane, b.p. 233-234° at 21 mm. <215), 
but also much trijdienylmethane (1 : 7220) ] 

[C with CeHsMgBr in dry ether or CeHe gives a small yield (25-30% <222), 10-12% 
(139), 5-10% (215) (223)) tetraphenylmethane [Boil. V-738, Vi-(371), V2-(672)l, m.p. 
281-282° (224) (225), b p. 431° at 760 mm. (225), but the principal product (yield: 50-77% 
(222), 47.4% (226)) is 4-benzohydrylbiphenyl (p-phenyltetraphenylmethane) [Beil. V-738, 
V2-(672)], m.p. 111° (226), 112-113° (116); for explanation and study of this reaction see 
(222). — Note that C with CeHsMgl behaves differently giving (227) cf. (179) triphenyl- 
methyl and biphenyl (1 : 7175).] 

[C in CfjHe with benzyl MgCl in dry ether gives (100% yield (215)) (228) 1,1,1,2-tetra- 
phenylethane [Beil. V-740, Vi-(372), V2-(674)], m.p. 144° (215), 143.5-143.7° (15). — C 
with benzohydryl bromide + Mg in dry ether (215) cf. <230) (or better trityl MgBr + 
benzohydryl bromide <229) cf. <230)) gives (90% yield <229)) pentaphenylethane [Beil. 
V-756, Vi-(386), V2-(711)], m.p. in air 166-178° <229), in N2 182-185° <229).— C with 
trityl MgCl gives <230) free trityl.] 

[For behavior of C with phenylacetylenyl MgBr giving trityl-phenylacetylene or with 
acetylene-6i5-MgBr giving di-tritylacetylene (hexaphenylbutyne-2) see <231).] 
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Behavior of C with (Organic) Amines 

(For C with NH 3 , NH 2 OH, NH 2 NH 2 , etc., see above under C with inorganic nitrogen 
compds; for C with arylhydrazines see below.) 

C with Primary Amines 

[C with MeNH 2 in CeHa in pres, of NaOMe gives (125) trityl-AT-methylamine [Beil. 
XII.1344, Xni-(557)], m.p. 73° (125) (236) (corresp. B.HCl, m.p. 216° (125)).! 

With aromatic prim, amines. C in CeHe with aniline in ale. refluxed 15 min. gives 
(80% yield (228)) (57) iV-tritylaniline [Beil. XlI-1344, XIIi-(657)], cryst. from ale./ 
ether, m.p. 149* 150°, (57), 148-149° (237), 146° (228) [note that this prod, with 3^ its 
wt. ZnCl 2 at 160° for 15 min. rearranges (228) to p-tntylaniline [Beil. XlI-1348], ndls. 
from toluene or ale., m.p. 256° cor. (225), 249° (228); note also that C is claimed to form 
with aniline an addn. cpd., m.p. 180-190° (34)]. 

[C in CeHe with o-tolmdine in ale. refluxed 15 min. gives (228) A-trityl-o-toluidine, 
m.p. 142.5° (228), 142° (237) (238), 140-142° (57); this prod, with ZnCl 2 at 160° for 15 
min. rearranges (82% yield (189)) (228) to 4-trityl-2-mothylaniline, m.p. 216° (228), 
215° (189) {not to a-(2-ainiiio)-/3,/3,^-triphenylethane as originally supposed (228) cf. (189)). 
— C with m-toluidine directly has not been studied nor has the other expected product, viz., 
A-trityl-m-toluidine, nor its rearr. prod., b(H‘n reported. — C in CeHe with p-toluidine in 
ale. refluxed 15 min. gives (228) A-trityl-p-toluidine [Beil XII-1344], m.p. 180° (228), 
177-178° (85), 177° (238), 176° (237): this product with ZnCk at 190° for 30 min. does 
not (228) rearrange.] 

[C with p-aminobiphenyl (p-xenylamine) in CeHe on htg. gives (82% yield (239)) 
i^-trityl-p-xenylamine, pr. from CeHe, m.p. 179.5-180.5° (239); note that this prod, does 
not rearrange ] 

C with Secondary Amines 

With aliphatic sec. amines. [C with Me 2 NH in CeHe gives (65% yield (240)) trityl- 
dimethyl-amine, cryst. from abs. ale., m.p. 95-97° (240), 97° (236).] 

With aromatic sec. amines. [C with diphenylamine might first be expected to give 
iV-trityl-diphenylamine, ndls. from toluene, m.p. 172° (241), which has actually been prepd. 
by other means (241) (242) (243); however, C with diphenylamine (244) in hot CeHe (243) 
or pyridine (165) or the above A-trityl-diphenylamine with diphenylamine HCl in CeHe 
or in hot AcOH directly (243) gives the rearr. prod., viz., 4-trityl-diphenylamine (4-anilino- 
tetraphenylmethane), m.p. 242° (243) (244), 240° (165). — For use of these and related 
prods, as antioxidants sec (244) (245). — For analogous behavior of C with di-p-tolylamine, 
di-p-amylamine, and di-(p-dimethylaminophenyl)amine see (243).] 

[For behavior of C with iVjA-diphenyl-p-phenylenediamine yielding a blue meriquinoid 
salt, m.p. 182-183°, see (246) (247) (248); with indole and with 2-methylindole giving 
JV-trityl derivs. sec (196).] 

With heterocyclic sec. amines. [C with piperidine in CeHe yields (179) A'-tritylpiperi- 
dine, ndls. from ale., m.p. 153° (179).] 

C with Tertiary Amines 

With aliphatic fer-amines. [C with MesN in acetonitrile + CHCI3 at room temp, 
ppts. a prod., m.p. 190-195° dec. (249), of compn. 2 (C 6 H 6 ) 3 COH.(CH 3)3 N.HCl from which 
extraction with aq. leaves triphenylcarbinol (1:5985), m.p. 161°, or from which extraction 
with CeHe leaves the trimethylamine HCl. — For analogous behavior of C with EtsN 
see (249).] 
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With aromatic fer -amines. [C with 3 wts. dimethylaniline at 100-115° for 8 hrs. gives 
(42% yield (250)) 4-trityldimethyIaniline (4-dimethylamino-tetraphenylmethane), cryst. 
from ale., m.p. 204-205° (250), 208° (251).] 

With heterocyclic far -amines. [C with pjridine does not give a simple quaternary salt; 
however, C with pyridine in nitromethane -h CHCI 3 (249) or in EtOAc (249), or C in dry 
pyridine with exactly 1 mole H 2 O (84) (252) (165), gives a definite prod., cryst. from acetone 
(249) or CHCI 3 (42), m.p. 176° (42), 174° (34) (253) (165), 172-174° (84), 170-175° (249); 
this prod, is formulated as either (C6H5)3C.0H.C6H6N.HC1 (249) or as ((^116)3001.- 
CfiHfiN.HaO (84) (252) (42).] 

Behavior of C with Arylhydrazines 

With monoarylhydrazines. C with phenylhydrazine (2 moles) in dry ether at room 
temp, gives (90% yield (254)) AT-trityl-A-phenylbydrazmc [Beil. XV-581, XVi-(184)], 
cryst. from boilg. abs. ale., m.p. 136-137° (254), 148° (255). [Note that this prod, is 
easily oxidized (dehydrogenated), e.g., with nitrous oxides (100% yield (254), 86% (256)) 
or Br 2 /aq. (100% yield (257)) giving tritylazobenzene (C 6 H 5 ) 3 C — N=N-^ 6 H 5 [Beil. 
XVI-85], m.p. 113-114° (254), 110° (255), 110-112° (256) (for study of thermal decompn. 
of this prod see (258)).] 

[C with p-mtrophenylhydrazine in a large vol. CsHe gives (257) cf. (256) AT-trityl-iV- 
(/3-nitrophenyl) hydrazine, m.p. 170° (250) ] 

With diarylhydrazines. [C with A,iV-(wnsi/m.)-di phenylhydrazine (2 moles) in CeHs 
refluxed 20 min, gives (259) A'-trityl-Ar,N-diphenylhydrazine, m.p. 136-137° (259). — 
C with ATjN^-diphenylhydrazinc (hydrazobenzene) (2 moles) in dry ether under CO 2 
refluxed 16 hrs. gives (259) N'-trityl-AT.AT-diphenylhydrazine, m.p. 107° (259) (in this 
connection recall also that C with hydrazobenzene in boilg. CeHe is in part reduced (79) 
to triphenylmethane).] 

Behavior of C w^ith Amides 

[C (2 moles) with urea (1 mole) in dry pyridine at 100° gives (165) cf. (179) N,N'^ 
ditntylurea, cryst. from ale. with 2 EtOH not lost on air drying, m.p. 245° (165); note that 
AT-tntylurea (prepd. indirectly (124)) has m.p. 234-235° dec (124). — C (1 mole) -f 
thiourea in pyridine at 100° for 1 hr. gives (165) cf. (179) N-tritylthiourea, cryst. from 
CsHe, m.p. 222° dec. (165), 217° (179) ] 

Behavior of C with Hydrazides 

[C with free semicarbazide (NH 2 CONH.NH 2 ) in pyridine at 0° gives (88% yield (260)) 
1-tritylsemicarbazide, cryst. from abs. ale. with 1 EtOH, m.p. 186-188° dec.; the solvate 
ale. is lost in vac. at 110° after 6 hrs. and m.p. risas to 190-192° (260).] 

[C with primary hydrazidas (acylliydrazme) in general reacts to give N-trityl-iV-acyl- 
hydrazines which upon suitable dehydrogenation give N-trityl-N-acyl-azo compounds; 
the topic cannot here be expanded but for many examples see (260) (261).] 

® Triphenylmethane (1:7220): Ifts. from ale. [From C in anhydrous formic acid 
(1 : 1005) at 100° for 2 hrs. in 90% yield (4).] 

® Triphenylcarbinol (1:5985): cryst. from CsHs or ale., m.p. 161-162°. [From C on 
boilg. with aq.] 

® Trityl methyl ether: cryst. from MeOH, m.p. 82-83°. (See text above under be- 
havior of C with alcohols. ) 

® Trityl ethyl ether: cryst. from EtOH, m.p. 83-84°. (See text above under behavior 
of C with alcohols.) 
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AT-Tritylphthalimide: this, from ale., m.p. 172° <179). [From C with K phthalimide 
at 200° <179).] 
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3 : 3415 3,4^D1CHL0R0B£NZ0I 

(m-Chlorophenyl p-chloro 
phenyl ketone) 


M.P. 112.6-113.4° (1> 

[For prepn. of C from l,l-<lichloro-2-(w-chlorophenyl)-2-(p-chlorophenyl)ethylene 
(3:9863) by oxidn. with CrOs (41% yield) see (1).] 

(P 3,4^-Dichlorobenzophenoae 2|4-dinitrophenylhydrazone: m.p. 258-260° (1). 

S:S415 (1) Haller, Bartlett, Drake, Newman, Cristol, et al., J, Am. Chem. Soc. 67, 1601-1602 
(1946). 
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3:3420 63-DICHLORONAPHTHOL.l Cl OH 


M.P. 114r-115® (1) 

Ciyst, (from CS 2 ) <1). — Spar. sol. hot aq. <1>. 

[For prepn. (in very poor yield) from 7-(2,5^chlorophenyl)paraconic ac. [Beil. XVIII- 
422] by distn. see <1).] 

C with FeCls gives a white turbidity, changing on warming to flocculent violet ppt. (1). 
C in alk. soln. coupled with diazotizcd naphthionic acid (1-naphthylaminesulfonic acid-4) 
gives dark violet color (1). 

[For use in dyestuff industry sec (2) (3) (4).] 

(g) 6 , 8-DichloTO-l -naphthyl acetate: yellowish pr. from CS 2 + Igr., m.p. 144-145® (1). 

3:3420 (1) Erdmann, Schwechten, Ann. 275 , 285 (1893). [2) Aktien Ges. fUr Anilin Fabrikation, 
French 517,558, May 7, 1921; Cent. 1921 , IV 194. (3) Soc. Chem. Ind. Basel, French 593,751, 

Aug. 31, 1925; Cent. 1926 , I 1048. (4) Soc. Chem. Ind. Basel, Swiss 185,148, Sept. 16, 1936; 

Cent. 1937 , I 1561. 
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3:3432 CHLOROMALEIC ACID Cl— C— COOH C 4 H 8 O 4 CI 

H— 1:— COOH 

M.P. 115” {1) <2) 

114-115” (3) (4) 

[108® after sintering at 96® (5) (6)] 

[iScc also chlorofumaric acid (3:4853).] 

Cryst. from AcOH/CHCL, ether /CHCI 3 , ether /pet. ether, or ether alone. — Eas. sol. 
ale., ether, AcOH; spar. sol. CIICI 3 or CeHe; insol. pet. ether. 

[For prepn. of C from meso-a, a'-dichlorosuccinic acid (3:4930) with NaOAc/dil. AcOH 
on boilg. (5) (1), or from its neutral sodium salt in aq soln. on boilg. y 2 hr. (4), see indie, 
refs. ; from chloromaleic anhydride (3 * 0280) by hydrolysis with aq. and subsequent evapn. 
see (4) (5) (6) (7); from 3,5,5,5-tetrachloro-4-ketopenten-2-oic acid-1 (“ /3-(trichloroacetyl)- 
3-chloroacrylic acid ”) (Beil. III-7331 on 24 hr. stdg. at room temp, of its soln. in excess 
10% aq. Na^COa see <6); from chloromaleonitrile (b.p. 185° at 753 mm., 71.0-71.5® at 10 
mm., = 1.2293, nf? = 1.48944 (9)) by. hydrol. sec (9).l 

C on htg. at 180° loses H 2 O yielding (6) chloromaleic anhydride (3:0280). 

C although unchanged by cone. HCl at ord, temp, for as long as 10 days (4) is by re- 
peated evapn. with cone. HCl (7) isomerized to chlorofumaric acid (3:4853). 

C in aq. soln. with Zn filings. is dehalogenated yielding (4) fumaric acid (1:0895); C 
(as NazA) in aq. soln. with 1% Na/Hg gives (4) mainly succinic acid (1:0530) accompanied 
by some fumaric acid (1:0895). 

C readily reduces aq. KMn 04 . 

[C readily combines with Br 2 if heated in s.t. to 100® <7).] 

C behaves normally as a dibasic acid: eg, titration with standard dil. aq. alk. gives 
Neut. Eq. 75.3; for study of electrometric titration see (1). 

[<SaZte; KHA, eas. sol. aq. (dif. from corresp, salt of chlorofumaric acid (3:4863)), e.g., 
100 g. of its satd. aq. soln. at 15® cont. 29.2 g. of KHA (7); for crystallographic data see (7). 


Beil, n - 752 

Hi- 

n2-(646) 
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— NaHA.3H20, eas. sol. aq. (7). — Ag2A, insol. aq. (7). — Ba5..2H20 <4) (6) (6), spar, 
sol. aq. — CaA.4H20 <4). — SrA.4>^H20, spar. sol. cold aq. (5). — PbA, insol. aq: (4>.J 

[C on stdg. at ord. temp, with slight excess 0.76 N aq. KOH gives chlorine ion only 
^0 a® rapidly (4) as the isomeric chlorofumaric acid (3:4853),] 

The acid chloride corresp. to C, viz., chloromaleyl (di)chloride (3:6158) q.v., has been 
reported only by indirect means. 

Dimethyl chloromaleate : oil (see 3:9351). 

Diethyl chloromaleate : oil (see 3:6697). 

® Chloromaleanil [iV-phenyl-chloromaleimide] : ndls. from boilg. ale., m.p. 170^ <8). 
[From aniline salt of C (or of chlorofumaric acid) on htg. for a few minutes at 170- 
180° (8); note that this prod, on htg. with aniline yields (8) a-anilinosuccinanil [Beil. 
XXI-554, XXIi-(432)], yel. cryst. from acetone + CeHe, m.p. 232° (8), and that a 
little of this latter cpd. which may accompany the former is readily removed from it 
by washing with warm CeHe (8).] 

® Chloromaleic ^-chloroanil [N-(^-chlorophenyl)chloromaleinimide]: pi. from hot ale., 
m.p. 175° (8). [From p-chloroaniline salt of C on htg. for a few minutes at 170-180° 
(8).] 

® ChlofTomaleic ^-bromoanil [N-<(p-bromophenyl)chloromaleinimide]: microcrystn. 
powder from boilg. ale., m.p. 190° (8). [From 2>-bromoaniline salt of C on htg. for 
a few minutes at 170-180° (8).] 

3:3432 (1) Ashton, Partington, /Tmns. Faraday Soo. 30, 602, 605 (1934). (2) Stelling, Z. phyaik, 
Chem. B*24, 410, 424 (1934). (3) Langseth, Z. physik. Chem. 118, 64 (1925). (4) Michael, 

Tissot, J. prakt. Chem. (2) 62, 306-308, 321, 331-334 (1895). (5) van der Riet, Ann. 280, 224- 
230 (1894). (6) Zincke, Fuchs, Ber. 26, 506-509 (1893). (7) Perkin, J. Chem. Soc. 63, 706-708 
(1888). (8) Chattaway, Parkes, J. Chem. Soc. 125, 466 (1924). (9) Mommaerts, BuU. claaae 

aci., Acad, roy Belg. (5) 27, 579-597 (1944) ; Cent. 1043, 1 616-616; C.A. 38, 3621 (1944). 


3:3445 2,7-DICHLORONAPHTHALENE 



cloHfiClz 


M.P. 115° (10) 

114-115° U.C. (1) 
114° (2) (3) 


Beil. V - 544 
Vi-~ 
V2-(446) 


Cryst. from ale or CeHe; sublimes under reduced press. — Eas. sol. boilg. ale. 

[For prepn. of C from naphthalene-2, 7-6w-(sulfonyl chloride) [Beil. XI-217] (4) (1), 
from 7-chloronaphthalene-2-sulfonyl chloride [Beil. XI-181] (4) (5), from 7-bromonaph- 
thalene-2-sulfonyl chloride [Beil. XI-184] (7), from sodium 7-hydroxynaphthalenesulfonate- 
2 [Beil. XI-285, XIi-(67)] (3) by htg. with PCU as directed, see indie, refs.; from 7-sulfo- 
naphthylamine-2 [Beil XIV-763, XIVi-(736)] by treatment of the corresp. diazonium 
chloride with PCU in POCU see (8); from 3,6-dichloronaphthalimide or 3,6-dichloro- 
naphthalic acid (3:4870) with HgO -f aq. in s.t, 6 hrs. at 200-210° see (10).] 

C on oxidn. with dil. HNO3 iP = 1.21) in s.t. at 140° yields (9) 4-chlorophthalic acid 
(3:4390), m.p. 157°. 

[C on mononitration yields (9) a prod., m.p. 141.5-142°.] 

[C on treatment with chlorosulfonic acid in CS2, followed by conversion as directed (11), 
yields mixt. of two sulfonic acids; the major prod is 2,7-dichloronaphthalenesulfonio acid-3 
(corresp. sulfonyl chloride, m.p. 166°, corresp. sulfonamide, m.p. 218° (12)), the minor 
prod. (10% of total) is 2,7-dichloronaphthaIenesulfonic acid-4 (corresp. sulfonyl chloride, 
m.p. 152°) (11).] 
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3:3445 (1) Weissberger, S£lngewald, Hampson, Tram. Faraday Soc. 30, 890 (1934). (2) KrolI> 

pfeiflFer, Ann. 430, 198 (1923). (3) Bayer, Duisberg, B&r. 30, 1432 (1887). (4) Cleve, Bull, 
soc. chim. (2) 36, 244-245 (1876). (5) Armstrong, Chem. News 58, 295 (1888). (6) Armstrong, 
Wynne, Chem. News 59, 189 (1889). (7) Sindall, Chem. News 60, 58 (1889). (8) Erdmann, 

Ann. 375, 280 (1893). (9) A16n, Bull. soc. chim. (2) 36, 433 (1881). (10) Dziewonski, Majewioz, 

Schimmer, BitU. intern, acad. polon. sci., Classe sci. math. nat. 1936-A, 43-45; Cent. 1936, II 4214; 
C.A. 31, 3906 (1937). 

(11) Turner, Wynne, J. Chem. Soc. 1941, 256. (12) Armstrong, W 3 mne, Chem. News 61, 274 
(1890). 


3:3448 S,4,5-TRICHLOROCATECHOL OH C 6 H 3 O 2 CI 3 BeU, VI - 783 
(3,4,5-Trichloropyro- f^^OH VIi-(389) 

catechol) VI 2 — 

Cl^Cl 

M.P. IIS*’ (1) 

Abt. 106-109° (2) 

104-105° (3) 

Note that the prod, for which the above m.p.*s are recorded is actually a monohydrate, 
viz., C.H2O, which in vac. over H2SO4 (3) or at 70° (1) loses ^ H2O giving a hemihydrate, 
pr. from CeHe, m.p. 134r-]35° (3) (1). 

C (as monohydratc) cryst. from AcOH in colorless pr.; insol. cold aq. but sol. in ale., 
ether, or AcOH. 

[For prepn. of C (as monohydrate) from catechol (1,2-dihydroxybenzene) (1 : 1520) in 
AcOH'soln. with CI 2 (3) or ICl (1) see indie, refs.; from 4,6-dichlorocatechol (3:3525) in 
AcOH soln. with CI 2 see (2).] 

[C with excess CI 2 gives (3) 3,4,5,6-tetrachlorocatechol [Beil. VI-784, VIi-(389)], an- 
hydrous cryst. from hot dil. ale. or Igr., m.p. 194-195° (4), 193-194° (1); trihydrate, m.p. 
94° (2); 1 : 1 mol. cpd. with AcOH, m.p. 123-124° (2).] 

C with FeCls gives (3) green coloration. 

3,4,6-Trichlorocatechol dimethyl ether (3,4,6 -trichloroveratrole): m.p. 68-69° (5). 

[From C by methylation (no details) (5) ] [Note that two mono methyl ethers of 
C are known, one m.p. 114-115° (5), the other, m.p. 107-108° (6), both obtained 
indirectly.] 

3,4,6-Trichlorocatechol diethyl ether: unreported. 

3,4,6-Trichlorocatechol diacetate: unreported. 

3,4,6-Trichlorocatechol dibenzoate: unreported. 

3:3448 (1) Jackson, Boswell, Am. Chem. J. 35, 526-529 (1906). (2) Willstatter, Milller, Ber. 44, 

2185-2186 (1911). (3) Cousin. Bull. soc. chim. (3) 13, 719-720 (1895); Ann. chim. (7) 13, 
483-486 (1898). (4) Zincke, KUster, Ber. 31, 2729 (1888), (5) Cousin, Ann. chim. (7) 39, 
60-62 (1903). (6) Peratoner, Ortoleva, Gazz. chim. iial. 38, I 230-231 (1898). 


3 : 3460 2,3,6,6-TETRACHLOROPHENOL 


M.P. 115° (1) (2) (3) 



C6H2OCI4 


Beil. VI — 

VIi— 

Vl2.(183) 


Cryst. from pet. eth. 

[For prepn. of C from 2,3,5,6-tetrachloroaniline (1) (4) via diazotization and reaction 
with aq. in pres, of H2SO4 (1) or CUSO4 (18% yield (3)) see indie, refs.; for formn. of C 
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from pentachlorobenzene (3:2290) with N 12 MeOH/NaOMe at 180® in s.t. for 7^ hrs. 
(note that some of the iosmeric 2,3,4j5-tctrachlorophenol (3:3523) is also formed) see 

( 1)1 

C in aq. behaves as a fairly strong acid, K at 25° = 3.3 X 10~® (2), and can be directly 
titrated with V/10 aq. NaOH (3) (1), Neut. Eq — 232. 

C (1 wt. pt.) added to HNO 3 (D = 1 5, 6 wt. pts.) in 20 pts. AcOH at 10°, and after 
1 hr. poured onto ice, gives (65% yield (4)), 2,3,5, 6-tetrachloro-4-nitrophenol, ndls. from 
AcOH, m.p. 148-149° dec. (4) (corresp. acetate, ndls. from dil. ale., m.p. 113-114° <4)). 

® 2,8,6,6-Tetrachlorophenol methyl ether (2,3,5,6-tetrachloroanisole) : ndls. from ale., 
m.p. 88° <1). [From C with alk. + Me 2 S 04 (1).] — [Note that this prod, on nitration 
with 4-5 wt. pts. HNO 3 {D - 1.5) at 0° gives (95% yield (4)) 2,3,5,6-tetrachloro-4- 
nitroanisole, ndls. from dil. ale., m.p. 112-113° (4) ] 

2,3,6,6-Tetrachlorophenol ethyl ether (2,3,5,6-tetrachlorophenetole): m.p. 56° (5). 

[Reported by indirect means (5).l 

2,3,6,6-Tetrachlorophenyl acetate : unreported 

(© 2,3)6,6-Tetrachlorophenyl benzoate: m p. 136° (5). [From C + large excess BzCl 
in aq. alk. (5).] 

2,3,6,6-Tetrachlorophenyl N-phenyl carbamate : unreported. 

3:3460 (1) Holleman, van der Hoeven, Rec. trav. chim. 39, 746-748 (1920). (2) Tiessens, Rec. 
trao. chtm. 48, 1068 (1929). (3) Tiesbens, Rec. trav. chim. 50, 116, 119 (1931). (4) Peters, Rowe, 
Stead, J. Chem. Soc. 1943, 233-235. (5) Bures, Kovarovicova, Casopis Ceskoalov. L6kdrnictva 

10, 197-202, 233-239 (1930); Cent. 1930, II 2775; C.A. 35, 1816-1817 (1931). 


3:3470 1,2,4,4,6,6-HEXACHLORO- 
CyCLOHEXEN-l-DIONE-3,6 

(“ Hexachlororesorcinol ”) 



M.P. 115® (1) B.P. 159-160® at 13-16 mm. (1) 


C 6 O 2 CI 6 Beil. Vn- 572 
vni- 


Colorless tbls. or thick pr. (from AcOH or ether /pet. ether). — Penetrating lachrymatory 
odor. — C can be distd at atm. press, without decompn. — Eas. sol. ether, CHCI3, CeHe, 
spar. sol. pet. ether. — Readily forms supersatd solns. 

[For prepn. from 3,5-dihydroxybenzoic acid [Beil. VI-404] by actn. of CI 2 in AcOH see (1) ] 
C with KI in AcOH lilierates I 2 (1). — C with SnCl 2 in AcOH reduces smoothly (1) to 
tetrachlororesorcinol (3:4135), m.p. 141® <1). 

[For use as seed disinfectant see (2); for other reactions see (1).] 

3:3470 (1) Zincke, I^chs, Ber. 24, 2689-2690 (1892). (2) Bonrath, Urbschat (to I.G.), Ger 
534,697, Sept. 29, 1931; Cent. 1931, II 3143. 
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3:3500 6-CHLORONAPHTHOL-2 

M.P. 115° (1) (2) (3) (4) 



CioHtOCI 


Beil. VI -649 
VIi- 
Vl2-(603) 


Ndls. from hot aq (1) (2); sol. ale., ether, AcOH, CeHe, CHCI3, CS2. — Sublimes in 
prisms. — C depresses m.p. of 8-chloronaphthol-2 (3:2965), m.p 101° to 79-88° (2). 

[For prepn. of C from l,6-dichloronaphthol-2 (3:3600) with FeS04 -h NaOH see (4); 
from 6-chloronaphthol-2-sulfonic acid-4 (2) (3) with Na/Hg m dil. HCl see (2) (3); from K 
salt of 2-naphtholsulfonic acid-6 [Beil. XI-282, XIi-(66)] with 3 moles PCU at 166° as 
directed see (1 ) (2) ] 

[C {iui dry sodium salt) with CO2 under press and at elevated temp, yields (5) 6-chloro- 
2-hydroxynaphthoic acid-3, ycl. Ifts. from AcOH, m.p. 260° (5).] 

C on oxidn. with dil HNO3 (D = I 13) in s.t. at 190-200° gives (6) 4-chlorophthalic 
acid (3:4390). 


® 6-Chloro-2-naphthyl benzoate: m p. 124-125° <3). 

(g) 6-Chloro-2-naphthyl m-nitrobenzoate : ndls. from much ale., m.p. 146-147° (2). 
[From C dislvd in 10% NaOH at 50-60° and shaken with m-nitrobenzoyl chloride (2).] 

3:3500 (1) Claii.s, Zinimermann, Bcr 14 , 1483-1485 (1881). (2) RiigKli, Knapp. Merz, Zimmer- 

mann, Hdv. Chim. Acta 12 , 1(148-1050 (1929). (3) Battegay, Silbermann, Kienzle, Bull, aoc. 

chim. (4) 49 , 721 (1931). (4) Herzberg, Hpenglcr, Schmid (to I.G ), Ger. 431,165, June 30, 1926; 

Cent 1926 , II 1196. (5) Lange, Luce, Jacobs (to I.G.), Gei. 564,128, Nov. 14, 1932, Cent. 1933 , 

II 446. (6) Claus, Dchno, Bcr 15 , 321 (1882). 


3 : 3505 4-CHLORO-3,6- 

DIMETHYLPHENOL 
(2-Chloro-?w-5-xylenol ) 



M.P. 115-116° (1) B.P. 246° <2) 

115° (3) (4) 

114-115° (2) 


CsHbOCI 


BeU. VI — 
VIi- 
Vl2-(463) 


Cryst. from benzene. 

[For prepn of C from 3,5-dimethylphenol (m-5-xylenol = spm.-m-xylenol) (1 : 1455) 
with SO2CI2 (1 mole) in CHCI3 (1) or with CI2 in AcOH (66% yield (2)) or from crude coal- 
tar fraction consisting mainly of 3,5-dimethylphenol with CI2 or SO2CI2 (5) sec indie, refs, 
(note that some 2-chloro-3,5-dimethylphenol (6-chloro-r/i-5-xylenol) (3:0844) is formed 
as a by-product (1) (5); also that 3,5-dimethylphenol in AcOH on complete saturation 
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3:3606 4-CHLORO-3,5-DIMETHYLPHENOL 336 

with CI 2 gives (2) 2,4,4,6-tetrachloro-3,5-dimethylcyclohexadieii-2,5-one-l, m.p. 106-107® 
(2)j.l 

C and its derivatives have attracted much attention as antiseptics, disinfectants, preserva- 
tives, bactericides, fungicides, etc. [e.g., for studies from various aspects of bactericidal 
properties of C see (4) (6) (7) (8) (9) (10) <11) (12) (13) (14) (15) (16); for studies on use 
as fungicide in leather (17) (18) including toxicity (19) see indie, refs.]. 

(For patents on use of C for improving wettability of materials (20), or for use with 
soaps, etc., as disinfectant (21), as component of mixtures for insecticides (22) see indie, 
refs.) 

[For study of fate of C in animal and human metabolism see (23).] 

[For study of tests for detection of C see (24); for studies of quant, detn. of C (3) (26) 
in urine, blood, or tissue (26) see indie. refs.J 

CHEMICAL BEHAVIOR OF C 
Nuclear Substitution 

Halogenation. [C with CI 2 (1 mole) (used in form of V-chloroacetamide (27)) gives 
2,4-dichloro-3,5-dimothylphenol (2,4-dichloro-m-5-xylenol) (3:2182), m.p. 83°; C with 
CI 2 (2 moles) should give 2,4,6-trichloro-3,5-dimethylphenol (trichloro-m-5-xylenol) 
(3:4713), m.p. 177°, although such prepn. of the latter is not actually reported; for action 
of excess CI 2 in AcOH see note above under prepn. of C.] 

C with Br 2 (2 moles) in AcOH gives (1) 2,6-dibromo-4-chloro-3,6-dimethylphenol, 
ndls., m.p. 158° (1). 

Nitration. C on mononitration with cone. HNO 3 in AcOH gives (28) (2) 4-chloro-2- 
nitro-3,5-dimethylphenol, m.p. 90° (28), 87-89° (2) (corresp. methyl ether, m.p. 166°; 
corresp. ethyl ether, m.p. 107° (28)). — Note that the dinitro deriv. of C, viz., 4-chloro- 
2,6-dinitro-3,5-dimethyIphenol, appears to be unreported. 

Mercuration. [For study of mercuration of C see (29); for patents see (30).] 

Alkylation. C with ales, in pres, of ZnCh at 80° undergoes nuclear alkylation (perhaps 
by rearr. of intermediate ethers). [E.g., C with isopropyl ale. (1:6135) gives (9) (32) 
4-chloro-3,5-dimethyl-2-isopropylphenol, b.p. 125° at 3 mm., C with diethylcarbinol 
(1:6176) gives (9) (32) 4^hloro-3,5-dimethyl-2-(diethylmethyl)phenol, b.p. 141-142° at 
3 mm.; etc. — C (as NaS.) with benzyl chloride (3:8635) in toluene gives (33) 4-chloro-3,5- 
dimethyl-2-benzylphenol (5-chloro-4,6-dimethyl-2-hydroxydiphenylmethane), m.p. 68.7°, 
b.p. 182-185° at 4 mm., etc.] 

Other nuclear substitutions. [For behavior of C with o-nitrophenylsulfenyl chloride 
see (34) (35) (36).] 

[C with hexamethylenetetramine htd. with glycerol + boric acid, then hydrolyzed with 
cone. H2SO4, all as directed (38), gives (27% yield) 4-chloro-3,5-dimethyl-2-aldehydophenol 
(5-chloro-4,6-dimethyl8alicylaldehyde), m.p. 96° (corresp. oxime, m.p. 197°); note that 
C with CHCls + aq. NaOH (Reimer-Tiemann process) gives only 10% yield and prod-, 
is dif. separable (38).] 

Other Reactions of C 

[C (1 mole) with ethyl acetoacetate (1 mole) + cone. H2SO4 gives (35% yield (37)) 
6-chloro-2,5,7-trimethylchromone, m.p. 145-146° cor. ; note that the isomeric 6-chloro-4,6,7- 
trimethylcoumarin, m.p. 194-195.5° cor., which might be expected in the above condensa- 
tion has been obtd. indirectly (37).] 

4-Chloro-3,5-dimethylphenol methyl ether: m.p. 22.6-23.5°, b.p. 117° at 14 mm. 

< 2 ). 
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4-Chloro-3,5-dimethylphe]iol ethyl ether: unreported. 

® 4-Chloro-3,6>dimethylphen<d benzyl ether: m.p. 67® <28). [Note that nitration of 
this ether gives 4-chloro-2-nitro-3,5-dimethylphenol benzyl ether, m.p. 106® (28).] 

® 4-ChlQro-3,5-dimethylphenyl acetate : m.p. 48.7® (9), 48® cor. (37), b.p. 102® at 2.5 
mm. (9). [From C 4- AC 2 O -f trace H 2 SO 4 (93% yield (37)); for study of Pries rearr. 
of this ester with AICI 3 to 4-chloro-3,5-dimethyl-2-acetylphenol methyl ether see 
(37).] 

4>Chloro-3,5-dimethylpheayl benzoate: unreported. 

3:3606 (1) Lesser, Gad, Ber. 66, 974, 976 (1923). (2) von Auwers, Miirbo, Saurwein, Fortschr. 

Chem. Physik. u. phyaik. Chem. 18. No. 2, 1-45 (1924); Cent 1934, II 2267; C,A. 19, 2339 (1925). 
(3) McNicoll, Merritt, West, Analyst 64, 261-262 (1939); C.A. 33. 4160 (1939). (4) Heicken, 
Angew. Chem. 63, 263-265 (1939). (5) Gladden. Cocker, U.S. 2,350,677, June 6, 1944; C.A. 
38, 4964 (1944). Brit. 529,070, Nov. 13, 1940; C.A. 36, 7982 (1941). (6) Lebduska, Pidra, 

Zentr. Bakt. Parasitenk. I Abt., Grig. 146, 425-438 (1940); C.A. 36, 8008 (1941). (7) Locke- 

mann, Heicken, Zentr. Bakt. Parasitenk. I Abt., Grig. 146, 61-71 (1939); C.A. 34, 2534 (1940). 
(8) Heading, Pharm. J. 138, 321-322 (1937); Chemist and Druggist 136, 392-393 (1937); Cent. 
1937, II 2208; C.A. 31. 8119 (1937). (9) Klarmann. Shternov, Gates, J. Am. Chem. Soc. 66, 

2576-2589 (1933). (10) Lockemann, Kunzmann, Angew. Chem. 46, 296-301 (1933). 

(11) Rapps, J. Soc. Chem. Ind., 53-T 175-176 (1933); Cent. 1933, II 1047, C.A. 37, 3967 (1933). 

(12) Lockemann, Ulrich, Z. Hyg. Infekiionskrankh. 113, 475-481 (1932); Cent. 1933, II 99. 

(13) Etinger-Tiilezynska, Ulrich, Z. Hyg. Infekiionskrankh. 113, 437-444 (1932); Cent. 1933, 

II 77; C.A. 36. ,2551 (1932). (14) Kliewe, Rabenau, Prakt. Ihsinfektor 31, 67-71 (1939); 

Cent. 1939, II 1532; C.A. 36, 3766-3767 (1941). (16) Alehin, Chem. Products 3, 93-95 (1939); 

C.A. 33, 7961 (1939). (16) Lum, Pharm. J. 138. 76 (1937), Cent. 1937, II 2208; C.A. 31. 8118 
(1937). (17) Greene, Lollar, J. Am. Leather Chem. Assoc. 39, 209-218 (1944); C.A. 38, 6595 
(1944). (18) Seldowitz, Arch. Dermatol. SyphM. 43, 676-686 (1940); C.A. 36, 1509 (1941). 
(19) LoUar, J. Am. Leather Chem, Assoc. 39, 203-209 (1944); C.A. 38, 6594 (1944). (20) Chap- 

man (to Monsanto Chem., Ltd.), U.S. 2,062,604, Doc. 1, 1936; Cent. 1937, I 2302; C.A. 31, 890 
(1937): Bnt. 431,645, Aug. 8, 1935, Cent. 1936, II 4001; [C.A. 39, 8268 (1935)]. 

(21) Deutsche Hydnerwerke, A.G., French 823,289, Jan. 18, 1938; Cent. 1938, I 2588; [C.A. 
33, 5582 (1938)]. (22) Dispersoid Syndicate, Ltd., French 669.912, April 19, 1924; Cent. 1936, 

I 1125; not in C.A. (23) Zondek, Shapiro, Biochem, J. 37, 692-695 (1943), C.A. 38, 2393 (1944). 
(24) Rosenthaler, Pharm. Ztg. 78, 229-231 (1933); Cent. 1933, I 3990. (25) Merritt, West, 
Analyst 63, 257-261 (1938); C.A. 33, 4279 (1938). (26) Zondek, Shapiro, Hestrin, Biochem. J, 

37, 689-691 (1943); C.A. 38, 2677 (1944). (27) Jones, J. Chem. Soc. 1941, 275. (28) Jones, 

J. Chem. Soc. 1943, 445. (29) Bordeianu, Ann. sd. univ, Jassy, Pt. I, 33, 240-2G4 (1937); Cent, 

1938, 1 61 , C.A. 33, 5802 (1938). (30) Christiansen, Moness (to Squibb and Sons), U.S. 2,137,236. 
Nov. 22, 1938; Cent. 1939, I 5007; C.A. 33, 1886 (1939). 

(31) Christiansen (to Squibb and Sons), U.S. 2,252,706, Aug. 19, 1941; CA. 36, 7657 (1941). 

(32) Klarmann, Gates (to Lehn and Fink, Inc.), U-S. 1,938,912, Dec. 12, 1933; Cent. 1934, I 
2006 [C.A. 38, 1472 (1934)]. Brit. 432,955, Sept. 6, 1935; Cent. 1936, I 809; [C.A. 30, 576 (1936)]. 

(33) Klarmann, Gates (to Lehn and Fink, Inc.), U.S. 1,926,874, Sept. 12, 1933; Cent. 1934, I 

83; [C.A. 37, 6896 (1933)]. (34) Kent, Smiles, J. Chem. Soc. 1934, 424, 428. (35) Learmonth, 

Smiles, J. Chem. Soc. 1936, 327-328. (36) McClement, Smiles, J. Chem. Soc. 1937, 1016-1021. 

(37) Adams, Mecorney, J. Am. Chem. Soc. 66, 802-804 (1944). (38) Duff, J. Chem. Soc. 1941, 
548-549. 


3:3510 CHLORALIDE 


CfiHaOaCU 

BeU. XIX ■ 105 

(2,6-5i8-(Trichloromethyl)- CUC — CH- 

CCla 

XIXi-(656) 

dioxolane-l ,3.on&4) 

O^C— 


M.P. 116° {1> 

B.P. 375® 

(7) 


116-116° <2> 

373-373® 

(5) (6) 


114r-116° <3) (4) (5) 

373® 

<2) 


11»-114° (6) 

368® 

at 734 mm. (8) 



147-148® at 12 mm. (9) 



3:3510-3:3520 


DIVISION A 


33S 


[Note that, in addition to its ordinary use to designate C specifically, the term “ chloral- 
ide ” is also used generically to denote a class of compounds formed by condensation of 
chloral (3:5210) with a-hydroxy acids ] 

Cryst. from ale. or ether; eas. sublimable; insol. aq ; eas. sol. hot but spar. sol. cold ale.; 
eas. sol. ether; eas. sol. in 80% AcOH (dif. and sepn. from metachloral (1 )). — For crystallo- 
graphic studies see <10). 

Note that m.p. of C is almost identical with that of ot-parachloral, m.p. 116®, but that 
mixed m.p. of the two is depressed as low as 85-90° (2); jtJ-parachloral, however, has m.p. 
152° (2). 

[For prepn. of C from chloral (3:5210) or chloral hydrate (3:1270) with cone, or fumg. 
H2SO4 (yields: 61% (11), 44-51% (4) both based on chloral hydrate) see (11) (4) (8) (12) 
(6); for formn. of C from chloral hydrate with II2SO4 as a by-product (abt. 2% (2)) in 
prepn. of a- and /il-parachloial + mcitachloral, or from chloral by warming with AICI3 

(I) , see indie refs.; for formn. of C from chloral with C^SOsIl as by-prod, of prepn. of 
octachlorodiethyl ether (3:0738) see (3); for formn. of C from chloral (excess) with 
trichloro-a-hydroxypropionic acid (trichlorolactic acid) [Beil. 111-286, llli-(lll), III2- 
(210)1 in s.t. at 150-160° see (4) (13) cf (17).] 

[C on reduction with Zn + HCl in ale. soln. gives according to conditions very small 
amts, of /9,^-dichloroacrylic acid (3:1875) (14) (15) (16), /9-chIoroacryhc acid (3:2240) 

(II) , and acetaldehyde (1.0100) (15) (16).] — [C is unaflected by boilg IINO3 (8).] 

[C with pels in s t. at 270-290° for several days gives (18) (9) 5-chlor()-2,5-/ns-(trichloro- 
methyl)dioxolane-l,3-one-4 (“trichlorolactic acid-tetrachloroethyluh'ne ether-ester") 
[Beil. XIX-105], oil, b p. 276° (18), = 1.7426 (18).] 

C with boilg. alkalies undergoes hydrolytic cleavage yielding (4) (12) (6) (7) chloroform 
(3:5050) and salts of formic acid (1 : 1005). 

[C with abs. EtOH in s.t. at 140-150° gives (16) (1) chloral ethylalcoholate (3:0860) 
and ethyl ^,^,/3-trichlorolactate [Beil. 1II-287, Illi-(lll), IIl2-(210)], m.p. 66-67°.] 

3:3510 ( 1 ) Boeseken, Rec. trav. chim. 29 , 108 (1910). (2) Chattaway, Kcllott, J. Chem. Soc. 

1928 , 2709-2712. (3) Fuchs, Katschcr, Ber. 62 , 2384-2385 (1929). (1) VVallach, Ann. 193 , 

4 , 8, 11-19 (1878). (5) Wallach, Ber. 6 , ll8, Note (1873). (0) Stadclcr, Ann. 61 , 104-114 

(1847); 106 , 253-255 (1858). (7) Personne, Bid/, soc c/am (2) 21,529 (1874). (8) Grahowski. 

Ber. 8 , 1433-1437 (1875). (9) Anschutz, Ilaslam, Ann. 239 , 207-,300 (1887). (10) Wallach, 

Bodewig, Ann. 193 , 58r-.59 (1878), Z. Krut. 1 , 594 (1877). 

(11) Otto, Ann. 239 , 262-266 (1887). (12) Kekul6, Ann. 105 , 293-295 (1858) (13) Wallach, 

Heymer, Ber. 9 , 545-547 (1876). (14) Wallach, Ann. 203 , 83 84 (IS80). (15) Wallach, Ann. 

193 , 6 , 20, 27 (1878). (16) Wallach, Ber. 8 , 1578-1583 (1875). (17) lloutala, Neovius, Ber. 67 , 

252, Note 4 (1924). (18) Anscliutz, Haslam, Ann. 253 , 121-123 (1889). 


3 : 3620 2,4,6-TRICHLORO-3- 

HYDROXYBENZALDEHYDE 


M.P. 116.5-116.5° (1) 
115-116° (6) 

114° (2> 

113° (3) 



C7H3O2CI3 


Beil. Vm- 61 
vnii— 


Colorless cryst. from 50% AcOH; C seps. with AcOH of crystn. but this immediately 
effervesces in air. — C has pronounced sternutatory props, and on moist skin produces 
painful blisters (2). 
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SOLIDS 


3 : 3520 - 3:3523 


{For prepn. of C from m-hydroxybcnzaldehyde (1:0055) in AcOH with excess Ch see 

< 1 )( 2 ).] 

[For condens. of C with 2,4-dichlorophcnol (3:0560) see (4); with 2,4-dihydroxybenzoic 
acid (1:0843) and use of prod as dye intermediate see (5).J 
C in 50% aq. KOH warmed for 4 hrs at 60-70° gives (89.9% yield (3)) 2,4,6-trichloro- 
phenol (3:1673). 

NaA, pure ycl. ndls., spar. sol. aq (2). 

C in Na2C03 soln. with Me2S04 yields 2,4,6-trichloro-^methoxybenzaldehyde, ndls. 
from ale , m p. 76° (2); on very slow oxidn. with alk. KMn04 this prod, yields 2,4,6-trichloro- 
3-methoxybenzoic acid, m p. 109° (2). 

(g) 2,4,6-Trichloro-3-hydroxyhenzaldoxime: ndls. from dil. ale., m.p. 174° (2), 170° (6). 
[This with boilg AC2O yields 2,4,6-trichloro-3-acotoxybenzonitrile, Ifts. from dil. 
AcOH, m.p. 82-83° (6> ] 

(g) 2,4,6-Trichloro-3-hydroxybeiizaldehyde ^-nitrophenylhydrazone : yel.-or. ndls., m.p. 
272-273° dec. (2) [From C in ale. with p-nitrophenylhydrazine + 1 drop aq. (2).] 

3:3520 (1) Bissoll, Kranz (to Nat Aniline & Chem. Co.), U.S. 1,776,803, Sept. 30, 1930; Cent 
1931 , I 159, C A 24 , 5709 (1<K30). ( 2 ) Ilodfison, Beard, C/iem, Soc 1920 , 148-149, 153. (3) 

Lock, Monatah. 55 . 312 (1930). (4) I.G., Swiss 137,923-137,929, incl., 138,180-138,183, inch, 

April 16, 1930; Cent, 1930 , 11 1453. <5) Weiler (to F. Bayer & Co.), US. 1,532,790, April 7. 

1925; Cent. 1925 , II 352. (G) Krause, Bcr. 32 , 123 (1899). 


3 : 3523 2,3,4,5-TETRACHLOROPHENOL 


M.P. 110-117° (1) 

116° (2) (3) 

[For prepn. of C from 2,3,4,5-tetrachloroaniline [Beil. XII-630, XIIi-(313)] via diazotiza- 
tion and reaction with acj. (65% yield) see (1); from 2-amino-3,4,5,6'-tetrachlorophenol 
[Beil. XIII-386] (3) via diazotization and elimination of diazo group with ale. see (3); for 
forran of C from pentachlorobonzene (3:2290) with N /2 MeOH/NaOMe at 180° in s.t. 
for 73^ hrs. as by-prod, of the isomeric 2,3,5,6-tetrachlorophenol (3 : 3460) see (4).] 

C in aq. behaves as an acid, K at 25° = 1.1 X 10"^, and can be titrated with N /lO aq. 
NaOH (1), Neut. Eq. = 232. 

2,3,4,6-Tetrachlorophenol methyl ether (2,34,6-tetrachloroanisole) : m.p. 83° (3). 

IReported only by indirect means (4) ] 

2,3,4,6-Tetrachlorophenol ethyl ether (2,3,4,6-tetrachlorophenetole): unreported. 

2,3,4,6-Tetrachlorophenyl acteate: unreported. 

(g 2,3,4>6-Tetrachlorophenyl benzoate: m.p 110° (4) (5). [Note that this prod, de- 
presses m.p. of corresp. benzoate from the isomeric 2,3,4,6-tetrachlorophenol (3:1687) 
<5).l 

2,3,4,6-Tetrachlorophenyl N-phenylcarbamate : unreported. 

3:3523 (1) Tiessens, Bee. trav. chim. 50 , 115-116, 119 (1931). (2) Tiessens, Rec. trav. chim. 48 , 

1068 (1929). (3) Bures, Havlinova, dcuiopis Ccskosiov. Likdrnictva^ 9 , 101-107, 129-1.34, 153- 

167 (1929); Cent 1929 , II 1403; C.A. 24 , 2998 (1930). (4) Hollcman, van der Hoeven, Bee. 

trav. chim. 39 , 748 (1920). (5) Holleman, Rec. trav. chim. 40 , 318-319 (1921). 


OH 
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3 : 3525 4,6-DICHLOROCAT£CHOL 

(4,5*Dichloropyrocatechol ) 


M.P. 116-117° (1) 
105-106° (2) (3) 

{See text) 



C 6 H 4 O 2 CI 2 BeU. VI - 783 
VIi-(380) 
Vljr- 


Colorless pr. from CHCI 3 + CS 2 (1); ndls. from Celle + pet. ether (2). — C is eas. sol. 
in cold aq. from which it crystallizes as a hemihydrate {1) (it is possible that the m.p. of 
105-106° observed by some workers may have been due to formn. of this prod.). — C 
cryst. from AcOH with 1 mole of solvent, viz., C.AcOH (1). 

[For prepn. of C from pyrocatechol (1 : 1520) with SO 2 CI 2 (2 moles) or from 4-chloropyro- 
catechol (3:2470) with SO 2 CI 2 (1 mole) see (2)] 

[C with silver oxide in dry ether gives (1) 4,5-dichlorobenzoquinone-l,2 [Beil. VIIi- 
(338)1, m.p. 94°; note, however, that C with this prod, forms a corresp. quinhydrone, dec. 
abt. 85°.] 

[C with CI 2 in AcOH gives (1) 3,4,5-trichloropyrocatcchol (3:3448) cryst. from aq. as 
monohydrate, m.p. abt. 106-109° (1), 104-105° (4), 115° (5).] 

[C with PCls gives (2) 1,2,4,5-tetrachlorobenzene (3:4115).] 

C with iV/lO aq. KOH titrates <1) as a monobasic acid, i.e , Neut. Eo = 89.5. — C 
with aq. FeCla gives blue-green coloration becoming red on addn. of aq. Na 2 C 03 (1). 

Q does not (6) condense with xanthj^drol (1:5205) in AcOH (dif. from 4-chloropyro- 
catechol (3:2470)). 

4,5-Dichloropyrocatechol diacetate : unreported. 

(P 4,6-Dichloropyrocatechol dibenzoate [Beil. IX]- (72)]: m.p. 140.0-140.5° (1). 

4,6-Dicliloropyrocatechol 1-methyl ether (4f5-dichloroguaiacol) [Beil. VII-783]: 

ndls. from pet. ether, m.p. 71-72° (7). [Prepd. indirectly (7).] 

4,6-DicUoropyTocatechol dimethyl ether (4,6-dichloroveratrole) [Beil. VII-783]: 

ndls. from ale., m.p. 85.5-86.5° (7). [From the preceding monomethyl ether with 
Mel + aq. KOH (7).] 

3:3525 (1) Willstdtter, Miiller, Ber. 44, 2184-2186 (1911). (2) Peratoner, Gazz. chim. ital. 28, 
I 222-224 (1898). (3) Frejka, Sefranek, Zika, Collation Czechslov. Chem. Commun. 9, 243-244 

(1937). (4) Cousin, BvU. soc. chim. (3) 13, 719 (1895); Ann. chim. (7) 13, 483 (1898). (5) 
Jackson, Boswell, Am. Chem. J. 35, 526-527 (1906). (6) Fabre, Ann. chim. (9) 18, 116 (1922). 
(7) Peratoner, Ortoleva, Gazz. chim. ttal. 28, I, 229-232 (1898). 


3 : 3530 6-CHLORORESORCINOL 


M.P. 117° (1) 



CeH802Cl 


Beil. VI — 
VIi- 
Vl2-(810) 


C cryst. from CsHs in colorless ndls. of monohydrate, m.p. 67° (1 ), which on sublimation 
in vac. yield anhydrous C (1). 

C is readily sol. in all usual solvents except It. pet.; it rapidly absorbs aq. regenerating 
above monohydrate, m.p. 67° (1). 

C with FeCls gives bluish-purple color; C reduces boilg. Fehling soln. 



m 


SOLIDS 


3:3530-3:3580 


C on bromination (no details <!)) yields 5-chloro-2,4-tribromoresorcinol, colorless ndls. 
from AcOH or dil. ale., m.p. 143° (1). 

3:3530 (1) Hodgson, Wignall, J. Chem. Soc. 1936, 2827. 


3:3560 1-CHLORO-l, 2, 2-TRIPHENYL- 
ETHYLENE 

(“ Chlorotriphenylethylene ”) 


M.P. 117° (1) (2) (3) (4) (5) 

116-117° <6) 


CaoHifiCl 



BeU. V . 723 
Vi-(355) 
V2~ 


Colorless cryst. from ale. or pet. ether. — Insol. aq ; sol. ale. or It. pet. ; freely sol. ether, 
acetone, benzene, or CHCI 3 . — [For use of C in stimulation of action of estrogenic hormones 
see (7); for aq. susp. of C for medicinal use see (9).] 

[For prepn. of C from 1,1,2-triphenylethanol-l (benzyl-diphenyl-carbinol) [Beil. VI-721, 
VIi-(354)] in AcOH by treatment with CI 2 at 30-40°, then htg. to b.p. to remove AcOH 
and effect loss of HCl (87% yield), see (1); from l,2-dichloro-l,l,2-triphenylethane (1) by 
htg. just above m.p. (115°) (100% yield (1)) or by refluxing 5 hrs. in pyridine (65% yield 
(1)) see (1); from triphenylethylene [Beil V-722, Vi-(355)] in AcOH with CI 2 (1), in CsHe 
with PCI 5 (4), or in CCI 4 with SO 2 CI 2 in pres, of dibenzoyl peroxide (2) see indie, refs.; from 
<.),w-diphenylacetophenone (1,1,2-triphenylethanone) (triphenylvinyl alcohol) [Beil. 
VlI-522, VIIi-(291)] (5) (3) or from triphenylacetaldehyde [Beil. VIIj-(292)] (6) with 
PCU see indie, refs.] 


3:3560 (1) van de Kamp, Sletzinger, /. Am. Chem. Soc. 63, 1879-1881 (1941). (2) Tadros, 

Nature 148, 53 (1941). (3) Schonberg, Robson, Tadros, Fahim, J. Chem. Soc. IM, 1328. 

(4) Bergmann, Bondi, Ber. 64, 1407-1468 (1931). (5) Gardeur, Bull. acad. roy. Belg. 67- 

100 (1897); Cent. 1897, II 662. (6) Danilov, J. Russ. Phys.-Chem. Soc. 51, 125 (1919); Cent. 

1923, III 761. (7) Robson, Schonberg, Fahim, Nature 142, 292 (1938). (8) MaePherson, 

Robertson, Lancet (2) 237, 1362 (1939). (9) Collie & Imperial Chem. Ind., Ltd., Brit. 543,897, 

March 18, 1932; C.A. 36, 6313 (1942). 


O 

3:3580 2-CHLORONAPHTHO- 
QUINONE-1,4 
(2-Chloro-«-naphthoquinone ) 


118° 

U) 

117° 

<2> (3) (4) 

116-117° 

<5) 

116° 

<9) 

115° 

<8) 

112° U.C. 

(6) 

111° 

(7) 


Yel. ndls. with pungent quinone odor from dil. ale. or dil. AcOH. — Volatile with steam. 
— Eas. sol. ale., CsHe; spar. sol. ether. 

[For prepn. of C from naphthoquinone-1,4 (a-naphthoquinone) (1:9040) by conversion 
with CI 2 in AcOH to 2,3-dicliloro-l,4-diketo-l,2,3,4-tetrahydronaphthalene (‘^ a-naphtho- 




3:3580 


2-CHLORONAPHTHCKiUINONE-l,4 


342 


quinone dichloride**) [Beil. VII-702] and subsequent elimination of 1 HCl with NaOAc/ 
AcOH see (4) cf. (7); from a-naphthol (1 : 1500) by conversion with CI2 in AcOH to 2,2,4- 
trichloro-l-keto-l,2-dihydronaphthalene [Beil. Vll-Ii87] and subsequent hydrolysis (with 
rearr.?) in boilg. dil. ale. or dil. AcOH see <5).] 

[For prepn. of C from 1,3-dichloronaphthalene (3:1310) by oxidn. with CrOa/AcOH 
see (8); from 2,4-dichloronaphthol-l (3:3250) by oxidn. with CrOa/AcOH or HNOa/AcOH 
see (5) (9); from 2-chloro-l,2-diaminonaphthalene (2-chloronaphthylcnediamine-l,2) by 
oxidn. with 2% alk KJffn04 sec (2); from 2-chloronaphthol-l-sulfonic acid-4 by oxidn. 
with MnOa in boilg. 50% 112^04 see (1); from 2,4-dmitronaphthol [Beil. VI-617, VIi-(308)] 
by oxidn. with NaOCl in HCl soln (3) or HCl -f KCIO3 (10) sec indie, refs ; from sodium 
salt of 4-(p-sulfobenzeneazo)naphthol-l C* Orange 1 ”) [Beil. XVI-275, XVli-(296)] by 
oxidn. with NaOCl in HCl soln see (3) ] 

[C on reduction might be expected to give 2-chloro-l,4-dihydroxynaphthalene [Beil. 
VI-975], m.p. 116-117°; note, however, that this reaction has not actually been reported 
and that this prod, is also obtained by SO2 reduction of 3-chloronaphthoquinone-l,2 
(3:4704). — For study of oxidn. -reductn. potential of C sec (7).] 

[C with CI2 in AcOH gives (4) (5) 2,3-dichloronaphthoquinono-l ,4 (3:4857).] 

[C in boilg. ale. with aq. NaNa splits out NaCl giving (90% yield (11)) 2-azidonaphtho- 
quinone-1,4, long yel. pr. from ale , m p. 118° dec ] 

C with aniline on htg. (5) (6) in ale. soln. (8) (9) gives 3-chloro-2-anilino-naphthoquinone- 
l,4_[Beil. XIV-168, XIVi-(434)], red ndls , m.p. 207-208° (10), 207° (8), 202-203° (9) (6). 

C like many other quinones is able to form Diels-Aldcr type adducts with many con- 
jugated dienes [e.g., C with 2,3-dimethylbutadiene-l,3 (1:8050) gives an adduct which 
with aq. 5% NaOH and a little Na2S204 at 70° reduces (with loss of halogen) to 2,3-dimethyl- 
1,4-dihydroanthrahydroquinone wdiich in turn upon oxidn. with air at 0° gives (12) 2,3- 
dimethylanthraquinone [Beil. VI 1-815, VIIi-(425)], yel. ndls from ale or AcOH, m.p, 
210° (13), 209° (14), 208-209° (15), 208° (16), 205-206° (17); note also that this 2,3-di- 
methylanthraquinone is also obtd. (18) from the initial adduct with pyridine in absence 
of air, or (18) from C -f 2,3-dimethyl butadicnc-1 ,3 (1:8050) at 100-105° under press. — 
For behavior of C with 2-methylbutadiene-l,3 (isoprene) (1:8020) and with butadieno- 

I, 3 see (18).] 

2-Chloronaphthoquinone-l,4-oxime-4 (2-chloro-4-nitrosonaphthol-l) [Beil. VII- 

729] : ndls. from ale., m.p. 200° dec. (8). [From C with NH2OH H( U in ale. on warming 

( 8 ).] 

2-Chloronaphthoquinone-l,4-(^-nitrophenylhydrazone-4) = 4-(^-nitrobenzeneazo)- 

2-chloronaphthol-l: m.p. 274° doc. (1). [From C with p-nitrophenylhydrazinc (1); 
also from 2-chloronaphthol-l (3:1490) in alk. soln. on coupling with diazotized 
p-nitroaniline (1).] 

3:3580 (1) Hodgson, Rosenberg, J. Soc. Chem. Ind. 48-T, 287-289 (1929). (2) Hodgson, Elliott, 

J. Chem, Soc. 1935, 1852. (3) Seyewetz, Chaix, Bull. soc. chim. (4) 41, 201, 338 (1927). (4) 

Zincke, Schmidt, Ber. 37, 2757 (1894). (5) Zincke, Kegel, Ber. 31, 1036-1039 0 888). (6) 

Russig, J. prakt. Chem. (2) 63, 41-42 (1900). (7) Conant, Fiescr, J. Am. Chem. Soc. 46, 1872, 
1875 (1924). (8) Cleve, Ber. 33, 955 (1890). (9) Clove, Ber. 31, 892-893 (1888). (lo) Plage- 
mann, Ber. 15, 485, Note 1 (1882). 

( 11 ) Fieser, Hartwell, J. Am. Chem. Soc. 57, 1484 (1935). (12) I.G., French Addition .37,684, 
Jan 14, 1931; Cent. 1931, II 124; C.A. 35, 4559 (1931). (13) Barnett, Marrison, Ber. 64, 537 

(1931). (14) L. Fieser, M. Fieser, J. Am. Chem. Soc. 57, 1681 (1935). (15) Fieser, Seligman, 
Ber. 68, 1751 (1935). (lO) Fairbourno, J. Chem. Soc. 119, 1578 (1921). (17) Fieser, Seligman, 
J.Am. Chem. Soc. 56, 2695 (1934). (18) LG.. Brit. 320,375, Nov. 7, 1929; Cent. 1936, II 807- 
809; [C.A. 34, 2757 (1930)]. 
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3:3585 


3:3585 a-CHLORO-DIPHENYL. / V C 14 HUO 2 CI Beil. IX - 674 

ACETIC ACID \ COOH JSii<282) 

(Diphenylchloroacetic acid) 

M.P. 130°dcc. (1) 

118-119° dec. (2) (3) 

[<Sec also a-chlorodiphenylacetyl chloride (3:0885).] 

This, from CeHg/lgr.; very eas. sol Igr. 

[For prepn of C from benzilic acid (a-hydroxydiphcnylacetic acid) (1:0770) with POCI 3 
on warming (not boilg.) until red color begins to appear (65% yield (3)) (4); with PCU 
(62.5% yield (1 )) or PCI 3 (68% yield {!)) both at room temp.; with SOCI 2 directly at room 
temp. (92% yield (1)) or with SOCI 2 (3 moles) in CCI 4 at ord. temp. <5) (2) see indie, refs.; 
note, however, that bcnzilic acid (1:0770) with PCI 5 (2 moles) at 120-130° ( 6 ) or 1(X)° (7) 
or excess PCI 5 (5 moles) in C'cHe at room temp. (1) gives instead a-chlorodiphenylacetyl 
chloride (3:0885), mp 50°; nob* also that benzilic acid (1:0770) with large excess (6 
moles) S()Cl 2 refluxed for several days gives (5) a-chlorodiphenylacetic acid anhydride 
[Beil. IXr (228)1, m.p. 129° (5)]. 

[For prepn. of C from 0-carbomethoxybenzilic acid (2) with SOCI 2 see (2); for prepn. of 
C from a-chlorodiphenylacetyl chloride (3:0885) by hydrolysis (even in moist air) see 
<8)J 

C on reduction with T 1 CI 3 in boilg. AcOH gives (8) diphenylacetic acid (1:0765), m.p. 
148°. 

C (or its sodium salt) htd. under reduced press, at 125° for 10 hrs gives (80-90% yield 
<9)) benzihde [Beil. XIX-187, XIXi-(700)], ndls. from ale., mp 196° (10), 194° <11) (5), 
193° (12), 192-193.5° (9) [the structure of this prod, is disputed, but it is either 2,2, 5,5- 
tetraphenyl-3,6-dikc*todioxane“l,4 or tetraphenyldiglycohc acid anhydride). 

C with aq. KvSH (or NaSH) docs iwi (21) give the expected a-mercaptodiphenylacetic 
acid (diphenyl thiogly colic acid) (thiobonzilic acid) [Beil. Xi-(154)], but rather (apparently 
because of alkalinity of the soln.) benzilic acid (1:0770). 

[C with NaOMe (?) gives (13) a-methoxydiphenylacctic acid (benzilic acid 0-methyl 
ether) (Beil. X]-(152)], m.p. 100° (13); note that various compounds prepd. by a wide 
variety of methods but all supposed to have this structure have been reported with m.p.’s 
as follows: 99-100° (14), 102° (15), 106° (16), 107° (17), 111-112° (18), 120-121° (9); note 
also that the corresp. methyl ester, viz., methyl a-mcthoxydiphcnylacctate, oil, b.p. 199- 
200° at 27 mm., has been prepd. (19) from a-bromodiphenylacetyl bromide with MeOH.) 

[C with EtOH/NaOEt gives (8) cf. (13) a-ethoxydiphenylacetic acid [Beil Xi-(152)], 
tbls. from ether, m.p. 114-115° (20) (8), 114° (13), 113-114° (14); the corresp. ethyl ester, 
viz., ethyl a-ethoxydiphcnylacetate, appears to be unreported 1 

C with Na phenolate might be expected to give a-phenoxydiphenylacetic acid, but 
neither this reaction nor the expected prod, is reported. — However, C with thiophenol in 
CeHe refluxed 2 hrs. evolves HCl and gives (22) a-thiophenoxy-diphenylacetic acid, cryst. 
from 50% AcOH, m.p. 126-128° (22). 

[C with CeHe + AICI 3 gives normal Priedel-Crafts type reaction giving (25% yield (3)) 
triphenylacetic acid [Beil. IX-712, IXi-(309)], m.p. 265°.] 

C with various amines or amino compds. splits out HCl giving the corresp. a-aminodi- 
phenylacetic acid derivatives [e.g., C with NHs gives (13) a-aminodiphenylacetic acid 
(diphenylglycine), m.p. 245° (13); C with piperidine gives (13) a-piperidinodiphenylacetic 
acid, m.p. 180° (13); for other cases see (13)]. \ 
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C with benzhydrazide in CeHe splits out HCl and yields (8) at-benzhydrazido-diphenyl- 
acetic acid, m.p. 167-168® (8). 

C with excess SOCI2 on warming does not give the expected ot-chlorodiphenylacetyl 
chloride (3 :0885), m.p. 50®, but rather <5) a-chlorodiphenylacetic acid anhydride, m.p. 
129® <5). 

C in pjnridine on htg. at 100° (23) evolves CO2 presumably yielding benzohydryl chloride 
(a-chlorodiphenylmethane) (3:0060) as its quaternary salt with pyridine. 

Methyl a-chlorodiphenylacetate : oil, b.p. 196® at 16 mm. (4). [hYom C in dioxane 

soln. with diazomethane (100% yield) (4); note also that this ester with Cu bronze 
refluxed in CeHe for 5 hrs. then evaporated in air gives (4) the peroxide, m.p. 151- 
152°, of dimethyl tetraphenylsuccinate.] 

Ethyl a-chlorodiphenylacetate : cryst. from ale., m.p. 43-44® (24) (6), b.p. 185° at 

14 mm. (24). [From C with EtOH dry HCl (10) best in pres, of CeHe as directed 
(90% yield (25)), or from a-chlorodiphenylacetyl chloride (3:0885) with EtOH (6), 
or from ethyl benzilate (1:2086) with PCI5 (6)] 

a-Chlorodiphenylacetamlde : m.p. 115° (6), 1 1 1-113° (26). [lY*om a-chlorodi phenyl- 

acetyl chloride (3:0885) in ether with NH3 gas (6) (13).] 

a-Chlorodiphenylacetanilide : m.p. 88®. [Sec text of a-chlorodiphenylacetyl 

chloride (3:0885).] 

8:8585 (1) Setlur, Nadkarny, Proc. Indian Acad. Set. 12-A, 268 (1940); C.A. 35, 1398 (1941). 
(2) McKcuzie, Lesslie, Ber. «1, 160-161 (1928). (3) Bistrzyeki, Herbst, Ber. 36, 145-147 (1903). 

(4) Schlenk, Hillemann, Rodloff, Ann. 487, 138, 154 (1931). (5) Stolid, Ber. 43, 2471-2473 (1910). 
(6) Bickol, Ber. 22, 1537-1539 (1889). (7) Staudmger, Ann. 356, 72-73 (1907). (8) Aspolund, 
Acta Acad. Aboensis Math, et Phys. 6, No. 17, 17 pp. (1932); Cent. 1933, I 782-783; C.A. 28, 
5441-5442 (1934). (9) Staudinger, DyckerhofI, Klever, Ruzicka, Ber. 58, 1087 (1925). (10) 

Klinger, Standke, Ber. 22, 1213-1214 (1889). 

( 11 ) Einhorn, Mettler, Ber. 35, 3642 (1902). (12) Staudmger, Ber. 44, 645 *547 (1911). (13) 
Setlur, Kothare, Nadkarny, J. Univ. Bombay 12-A, Pt. 3, 68-70 (1943); C.A. 38, 3250, 1739 
(1944). (14) Klinger, Ann. 390, 371-372 (1912). (15) Schlenk, Bcrgmann, Ann. 464, 38 (1928). 
(16) Kohler, Larsen, J. Am. Chem. Soc. 58, 1521 (1936). (17) Ziegler, Thielmann, Ber. 56, 

1741, Note 8 (1923). (18) Staudinger, Bereza, Ann, 380, 271 (1911). (19) Bergmann, Fujise, 

Ann. 483, 76-77 (1930). (20) Salkind, Peschekerowa, J. Russ. Phys.-Chem. Soc. 46, 488 (1914); 

Cent. 1914, II 1269. 

(21) Bistrzyeki, Brenken, Helv. Chim. Acta 3, 465-466 (1920). (22) Bistrzyeki, Risi, Helv. 

Ckim. Acta 8, 585 (1925). (23) Bezzi, Atti ist. Veneto sci., Ser. II, 94, 167-182 (1935). Cent. 

1937, II 3605; not in C.A. (24) Klhiger, Ann. 389, 262-263 (1912). (25) Adickos, /. prakt. 

Chem. (2) 150, 91 (1938). (26) Steinkopf, Ber. 41, 3593 (1908). 

3:3590 PENTACHLOROBENZAL CLCl C7HCI7 Beil. V - 304 

(DI)CHLORIDE Cl/ \CHCI2 Vi-(153) 

d Cl Vjr- 

M.P. 119.5° (1) B.P. 334° (2) 

109° (2) 199° cor. at 13 mm. (3) 

Colorless Ifts. from ale.; eas. sol. hot, spar. sol. cold, ale. 

[For prepn. of C from 2,3,4,5,6-pentachlorotoluene (3:4937) with CI2 at 210-230® as 
directed (70-80% yield) see (3); for formn. of C from benzal (di)chloride (3:6327) with 
CI2 in pres, of I2 + SbCls see (2); from “ pentachloro-orcinol ” [Beil. VII-576, VIIi-.(323)] 
with PCls (2 moles) at 230° for 12-16 hrs. (together with hexachlorobenzene (3:4939)) 
see (1).] 

C is un^ected by aq. even in s.t. at 300°; however, C on hydrolysis with cone, H2SO4 
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at 60-100® or with fumg. H2SO4 at 40-50® gives (90% yield (3)) (4) pentachlorobenzalde- 
hyde (3:4892), m.p. 202.5° (3). 

3:8590 <l) Zincke, von der Linde, Ber. 26, 318 (1803). (2) Beilstein, Kuhlberg, Ann. 150, 

306-308 (1869). (3) Lock, Ber. 66, 1533 (1933). (4) Bayer and Co., Ger. 243, 416, Feb. 10, 

1912;* Cen<. 1912, I 618; [C.A. 6, 2292 (1912)]; U.S. 998,140, July 18, 1911; [C.A. 5, 2904r-2905 
(1911)]. 


3:3600 l,6-DICHLORONAPHTHOL-2 


M.P. 119.5® (1) 


Cll 



Cl C 10 H 6 OCI 2 
lOH 


Beil. VI — 
VIi- 
Vl2-(604) 


Ndls. from hot Igr. 

[For prepn. from l-chloronaphthol-2 (3:1700) by actn. of CI2 in sunlight see (1).I 
C on reduction with FeS04 + NaOH yields (2) 6-chloronaphthol-2 (3:3500), m.p. 115° 
( 2 ). 

3:3600 (1) Ruggli, Knapp, Mcrz, Zimmermann, Helv. Chim. Acta 12, 1050-1051 (1929). (2) 

Herzberg, Spengler, Schmidt (to I.G.), Ger. 431,165, June 30, 1926; Cent. 1926, II 1196. 


3:3634 DICHLOROMALEIC ACID Cl— C— COOH C 4 H 2 O 4 CI 2 

Cl— 1:— cooH 


M.P. 119-180° (1) 

118.5-119° (2) 
118-119° (3) 

116° {4) 


Beil. U - 753 

n,— 

n,— 


[See also dichloromaletc anhydride (3:3635) and dichloromaleyl {di)chloride (3:6197).] 

Ndls. from Igr./ether. — Eaa. sol. aq.; sol. ale., AcOH; insol. CeHe, CHCI3, CS2. — 
Note that C on htg. very readily loses H2O and is converted to dichloromaleic anhydride 
(3:3635); the m.p.’s observed for C are probably actually those of its anhydride. 

Note also that, although the stnicture corresp. to C should be capable of existing also 
in the geometrically isomeric irons configuration, no such dichlorofumaric acid or its de- 
rivatives has ever been reported. 

[For prepn. of C from furfural (1:0185) in cone. HCl soln. with CI2 (30% yield) see 
(5); from dichloromaleinaldehyde-acid (“ mucochloric acid ”) [Beil. III-727] by oxidn. 
with fumg. HNO3 on stdg. at ord. temp, for several days (100% yield (4)) (2) see indie, 
refs.; from a,/3-dichloro-/3-(trichloroacetyl)acrylic acid (“ perchloro-j3-acetylacrylic acid ”) 
[Beil. III-733] by hydrolytic cleavage with aq. NaOH (chloroform is also formed) see 
(3); from hexachlorocyclohexen-l-dione-3,6 [Beil. VII-674] by hydrolytic cleavage with 
10% aq. NaOH (trichloroethylene (3:5170) is also formed) see (1); from hexachlorocyclo- 
hexen-l-dione-3,5 (“ hexachlororesorcinol ”) (3:3470) (6) or from 2,2,3,4,6,6,6-hepta- 
chlorohexen-3-one-5-acid-l [Beil. III-735, IIIi-(255)] (6) with large excess dil. aq. Ca(OCl)2 
see indie, refs.] 

(For formn. of C from 3,4-dichlorofuroic acid [Beil. XVIII-282] by oxidn. with boilg. 
dil. HNO3 <7) or from 3,4,5-trichlorofuroic acid [Beil. XVIII-283] by oxidn. with hot dil. 
HNOs or cold Br2/aq. <7) see indie, refs.; from pyrrole with aq. NaOCl (other prods, are 
also formed) see ($).] 
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C behaves normally as a dibasic acid: e.g., C on titration with standard dil. aq. alk. 
gives Neut. Eq. 92 5 (2). 

(Salts: for Liii, Na^A.HA NaHl.HjO, KJA. 2 H 2 O, K2A.H2O, CuA-HjO, PbA.HA 
NiA.2H20 see (4). — BaA.2HH20 (3). — Ag2A, white ndls. which explode on htg. (3) 
(8) (9).) 

Dimethyl dichloromaleate : oil, b.p. 225° (9). [From dichloromaleic anhydride 

(3:3635) in MeOH with HCl gas on boilg. (9).-— This prod, with aniline at 100° 
yields <4) dimethyl a,/3-dianilinomaleate, cryst. from ale., m.p. 172° (4).] 

Diethyl dichloromaleate: unreported. 

Dichloromaleinimide (Beil XXI-401]* ndls. from aq., m.p. 179° (10). (From di- 
chloromaleic anhydride (3:3635) with urea on htg. at 110-115° (10) ] 

N-Phenyldichloromaleinimide (dichloromaleanil) [Beil. XXI-402]: colorless Ifts. 

from MeOH, m.p. 203°. [Reported only by indirect means.] 

Dichloromaleic dianilide: see under text of dichloromaleyl (di)chloride (3:6197). 

3:3634 (1) Zincke, Fuchs, Ann. 267, 19-22 (1S92). (2) Stelling, Z physilc Chem. B-34, 424 

(1934). (3) Zincke, von Lohr, Ber. 25, 2230 (1S02) (4) Salmony, Simonis, Ber. 38, 2588- 

2690, 2694-2596. 2598-2599 (1905) (5) Leder, Russ 48,297, Aug. 31, 1936; Cent. 1937, II 
288. (6) Zincke, Fuchs. Ber. 26, 509 510 (1893). (7) Hill, Jackson, Am. Chem. J. 12, 43-44, 
124-125 (1890). (8) Ciamician, Silher. Ber. 17, 1743-1744 (1884). (9) Kauder, J. prakt. Chem. 

(2) 31, 5-6 (1885). (10) Dunlap, Am. Chem. J. 18, 333-.334 (1896). 


Cl— C— C 




3:3635 DICHLOROMALEIC ANHYDRIDE 


\ 

() 


Cl— c— c 




V 


M.P. 110-120° (1) (2) 
119.5° (3) 

119° <4) (8) 

117-118° (6) 


C>403Cl2 


Beil. XVn - 434 
XVIIi— 


[See also dichloromaleic acid (3 : 3634).] 


Colorless Ifts. very eas. sol. ale., ether, CeHe, or CS2; sublimable. 

[P^or prepn. of C from dichloromaleic acid (3:3634) hy htg. see (1) (2) (10); for prepn. 
of C from maleic anhydride (1 ;0625) with CI2 at 130° m pres, of Fe (80% yield (7)) or 
from chlorofumaryl dichloride with CI2 in pres, of P’e (8) see indic. refs.; for prepn. of C 
from furoic acid (1:0475) by conv with Mn02 + HCl to mucochloric acid, OCH.CCl— 
CCl.COOH [Beil. III-727] (9), and subsequent treatment with fumg. HNO3 (4) (9) or 
from 3,4-dichlorofuran (9) by oxidn with fumg. HNO3 (9) see indie, refs ; for formn. of 
C (together with other products) from diethyl tartrate (1:4256) with PCls for 7-8 hrs. 
at 100° see (6); from either dichloromaleo(di)nitrile (m.p. 58-59°, 1)^ = 1.32501, wd = 
1.48824 (12)) or from dichlorofumaro(di)nitrile (m.p. 60.0-60.5°, = 1.32543, nf? = 

1.4^5 (12)) by hydrol. see (12).] 

C is itself spar. sol. aq. but slowly dissolves (1) (6) yielding a soln. of dichloromaleic 
acid (3:3634). 

C with PCI5 yields (8) dichloromaleyl dichloride (3:6197). 

C with 1 mole anthracene (1:7285) htd. for 10 min. at 170° gives 100% yield (4) of 
anthracene-9, lO-cndo-dichloromaleic anhydride, ndls. from acetonitrile, m.p. 235° (4). 
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C with 1 mole urea htd. to 90-95® for 20 min. yields (11) dichloromaleic acid monoureide 
[Beil. 111-68], m.p. 158° dec. (11); this prod, on fusion or the original system htd. at 110- 
115° yields (11) dichloromaleinimide [Beil. XXI-401], m.p. 179° (11). 

C on htg. with aniline (9) yields a-chloro-a-anilinomalem-a'-isoanil [Beil. XVII-6551, 
greenish yel. cryst. from ale., m.p. 188.7-190 2° cor. (9), 187° (10). 

3:3635 (1) Ciamician, Siller, Ber. 16, 2396 (1883). (2) Zincke, Fuchs, Ann. 367, 20-22 (1892). 
(3) Kauder, J. prakt. Chcin. (2) 31. 4 (1885). (4) Diels, Thiele, Ber. 71, 1173-1178 (1938). 

(5) Leder, J. prakt Chem (2) 130, 271 (1931). («) Patterson, Todd, J. Chem. Soc. 1920, 1768- 

1771. (7) Leder, Russ. 43,419, June 30, 1935, Cent. 1936, 1 1310, C.A. 31, 7447 (1937). (8) 

Vandevelde, Bull. acad. ray. Belg (3) 37, 080-700 (1900); (\nt. 1900, I 404- (9) Shepard, 

Winslow, JobiKson, J. Am. Chem. Hoc 53, 2088-2089 (1930) (lO) Salniony, Simonis, Ber. 38, 2588 
(1905). 

(11) Dunlap, Am. Che?n. J, 18, 333 334 (1896). (12) Moinmaerts, Bull, classe set., Acad. 

Toy. Belg. (.5) 37, 579-597 (1941), Cent. 1943, I 615 616, C A. 38, 3621 (1944). 


3:3665 2,3-DICHLORONAPHTHALENE 


M.P. 120° (1) 

119.5-120.6° (2) 
119.5° (4) 



Beil. V - 544 
Vi- 
V2-(446) 


Spar. sol. cold, eas. sol hot ale or ether 

[For prepn. of C from naphthalenetetrachloride-l ,2,3,4 (3:4750) by htg. with Ag20 
in s.t. at 200° (1) or (in small yield together with othtT prods.) by boilg. with ale. KOH 

(3) (4) see indie, refs.; from 1,2,3-trichloronaphthalene (3:2125) with Na/Hg in ale. see 

(4) .j 

[C on monosulfonation in CS2 with CISO3H yields (4) mainly 2,3-dichloronaphthalene- 
sulfonie acid-8 [Beil. X 1-164] (corresp. sulfonyl chloride, m.p. 142°, corresp. sulfonamide 
m p. 268°) accompanied by 2,3-dichloronaphthalencsulfonic acid-6 (?) [Beil. XI-183] 
(corresp. sulfonyl chloride, m.p. 178°) ] 

3:3665 (1) Leeds, Everhart, J. Am Chem Soc 3, 210-212 (1880). (2) Hampson, Weissberger, 

J. Chan. Soc. 1936, 394 (3) Widmun, Btr. 15, 2162 ('1882) (4) .Armstrong, Wynne, Chem, 

News 61, 273-275, 284 (1890). 


3 ; 3695 3,4.DICHLOROPHTHALIC 
ANHYDRIDE 


M.P. 120-121° cor. (1) 
120 - 121 ° ( 2 ) 


O 


Cl c 

(^sHsOgClo 

'\ / 

c 


Beil. XVn - 483 
XVni-(253) 


(See also Z,Michlorophthalic acid (3:4880).] 

Tbls. from CCI4; sol. in CeHe, toluene, CHCI3. 

[For prepn. of 0 from 3,4-dichlorophthahc acid (3:4880) by protracted htg. at 220° 
see (2); for formn. of C (together with other isomers) from phthalic anhydride (1:0725) 
with CI2 at 240° in pres, of Fe or Fe salts (3), from phthalic anhydride or 3-chlorophthalic 
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anhydride (3:3900) with CI2 in fumg. H2SO4 in pres, of I2 (4) (1), see indie, refs.] [For 
sepn. of C from isomeric dichlorophthalic anhydrides by means of salts of corresp. acids 
see <4) (1) '(18); by means of differential hydrolysis with H2SO4 (prods, with no a-chlorine 
such as 4,5-dichlorophthalic anhydride require H2SO4 of 98-100% conen.; those with 
one a-chlorine such as C hydrolyze with 66-95% H2SO4; those with two a-chlorines such 
aa 3,6-dichloro- or 3,4)6,6-tetrachlorophthalic anhydrides hydrolyze at H2SO4 conens. of 
less than 50%) see (5).l 

C dislvd. in abs. ale. yields one of the two known acid esters, viz., 3,4-dichloro-2-car- 
bethoxybenzoic acid, pr. from dil. ale., m.p. 164® (6); see also under 3,4-dichlorophthalic 
acid (3:4880). 

(C with PCls htd. in s.t. at 200® for 6 hrs. gives exclusively (6) pset«io-3,4-dichlorophthaloyl 
dichloride (3,3,6,7-tetrachlorophthalide), ndls. from CeHe, m.p. 133® (6) (this prod, shaken 
with abs. ale. susp. of CaCOa for 10 hrs. yields (6) 6,7-dichloro-3,3-diethoxyphthalide, pr. 
from pet. ether., m.p. 79° (6), which depresses m.p. of normal diethyl 3,4-dichlorophthalate, 
m.p. 80® (6) to 60°).] 

C with 1 mole NH2OH.HCI + Na2C03 in aq. as directed (2) yields 3,4-dichlorophthaIyI- 
hydroxylamme (A-hydroxy-3,4-dichlorophthalimide) [Beil. XXI-504], ndls. from MeOH, 
m.p. 218-219° (2), 216-219° (7) (this prod, with boilg. aq. Na2C03 yields (2) (7) a mixt. 
of 3,4-dichloro-2-aminobenzoic acid (3,4-dichloroanthranilic acid) [Beil. XlV-367, XlVi- 
(649)] and 5,6-dichloro-2-aminobenzoic acid (6,5-dichloroanthranihc acid [Beil. XIV- 
368]). 

[C with steam passed over cat. at 380-420® loses CO2 presumably yielding (8) 2,3-di- 
chlorobenzoic acid (3:4650) and/or 3,4-dichlorobenzoic acid (3:4926).] 

[C with hydroquinone (1 : 1590) + H3BO3 htd. at 190® and afterward treated with hot 
cone. H2SO4 (9), or C with AICI3 4- NaCl htd. at 200-220® for 45 min. (10), or C with 
p-chlorophenol (3:0475) htd. with fumg. H2SO4 4- H3BO3 (11), gives 5,G-dichloro-l,4- 
dihydroxyanthraquinone (5,6Kiichloroqumizarin) [Beil. Vllli-(715)], red. ndls. from 
AcOH, m.p. 239® (10), 208® (9) (diacetate, m.p. 170® (10), 140® (9)).] 

[For study of behavior of 0 with o-chlorotoluene -j- AICI3 see (12); for use of C with 
dibeuzanthrone derivs. in prepn. of vat dyes see (13); for reactn. with p-cresol see (16).] 

C on fusion with urea yields (14) 3,4-dichlorophthalimide, m.p. 348-351® (14) (for use 
in prepn. of pigments of phthalocyanine type see (14) (15)). 

C (1 pt.) dislvd. in 5 pts. boilg. AcOH and treated with 1 pt. aniline gives on cooling 
97% yield 3,4-dichl()rophthalanil [Beil. XXli-(391)], cryst. from AcOH, m.p. 181-181.5® 
cor. (1), ndls. from ale., m.p. 179-180® (17) [note, however, that on protracted htg. with 
excess aniline one of the two nuclear halogens also reacts, e.g , C (1 pt.) boiled with 3 pts. 
aniline for 10 hrs. gives 4-chloro-3-anilinophthaIanil, cryst. from ale., m.p. 159.5-160® cor. 
(1); note also that under certain conditions both halogens can be removed, e.g., 3,4-di- 
chlorophthalanil (above) on refluxing 6 hrs. with aniline 4- anhydrous Na2C03 4- Cu gives 
(10% yield (17)) 3-anilinophthalanil, or.-yel. pr., m.p. 144.5-145® (17).] 

C on saponification with standard alk. (Sap. Eq. = 108.5), followed by acidification 
yields 3,4-dichlorophthalic acid (3 : 4880) q.v. * 


3:3605 (1) Pratt, Perkins, J. Am. Chem. Soc. 40 , 215-217 (1918). (2) Villiger, Ber. 42 3542- 
3544 (1909). (3) Dvoniikoff (to Monsanto Chem. Co.), U.S. 2,028,383, June 12 1933*- Cpnt 

1036 , 1 2830; C.A. 30 , 1394 (1936). (4) Ref. 2, pp. 3538-3541. (5) Imperial Chem Ind ’ Ltd 

French 749,954, Aug. 2, 1933; Cent. 1033 , II 2748-2749. (6) Kirpal, Jaluschka Lassak W 

68 , 1333-1334 (1935). (7) B.A.S.F., Ger. 216,749, Dec. 6, 1909; Cent. 1010 , I 310 (8) Jafirer 

(to Seldon Co.), U.S. 1,964,516, June 26, 1934; Cent. 1034 , II 3047. (9) Frey Ber 46 1362 
1363 (1912). (10) Waldmann, J. prakt. Chem. (2) 130 , 99 (1931). ' 

( 11 ) Scottish Dyes, Ltd., Bangham, Hooley, Thomas, Brit. 339,589, Jan. 8, 1931- Cent 1032 
I 2095. (12) Keimatsu, Hirano, J. Pharm, Soc. Japan, 40,20-26, 168-163 (1929) - Cen/. lOOol 



SOLIDS 


3:3695-3:3720 


I 2533; 1930, *^1 1303. (13) Imperial Chem. Ind., Ltd., Shaw, Thomson, Brit. 383,624, Dec. 15, 
1931; Cent. 1933, I 1358. (14) Imperial Chem. Ind., Ltd., Thorpe, Linstead, Brit. 390,149, 

Apr. 27, 1933: French 737,392, Dec. 10, 1932; Cent. 1933, II 794. (15) Thorpe, Linstead, Thomas 

(to Scottish Dyes, Ltd.), Brit. 389,842, Apr. 20, 1933; Cent. 1933, II 3769. (16) Knescheck, 

Ullmann, Ber. 55, 306, 315 (1922). (17) Mariott, Robinson, J. Chem. Soc. 1939, 137. (18) 

Hodgson, J. Soc. Dyers Colourists 49, 215 (1933). 


3:3720 4-CHLORONAPHTHOL-l 



Beil. VI - 611 
VIi-(308) 
Vl2-(682) 


126-121° 

(1) 

120-120.5® 

(2) 

120® 

(3) 

110-117° 

(4) (26) 

116° 

(5) 


Ndls. from dil. ale. or from CHCla. — Very eas. sol. org. solv. — Sublimes in ndls. — 
Volatile with steam but less so than 2-chloronaphthol-l (3 : 1490) (use in sepn from latter 
( 6 )). 

[For prepn. of C from 6ts-(4-chloronaphthyl-l) carbonate (itself obtd. from bi8~(cf 
naphthyl) carbonate in AcOH with CI2 in pres, of SbCls (5)) by hydrolysis with ale. KOH 
see (5); from 4-chloronaphthyl-l 7J-toluenesulfonate (itself obtd. from a-naphthyl p- 
toluenesulfonatc in CCI4 with CI2 + cat. (7)) by hydrolysis see (7); from a-naphthol 
(1:1600) with SO2CI2 in CHCI3 as directed (yields: 20-60% (1), 42% (6), 27-33% (8)) 
(26) (the isomeric 2-chloronaphthol-l (3:1490) is also formed) see indie, refs.; from 1,4- 
dichloronaphthalene (3:1655) by htg. with MeOH/KOH in copper-lined autoclave 20 
hrs. at 190-200® see (9); from 4-chloronaphthol-l-sulfonic acid-8 (10) (3) by hydrolysis 
(10) or reductive cleavage with Na/Hg (3) of the — SO3H group see indie, refs.; from 4- 
chloro-l-hydroxynaphthoic acid-2 [Beil. Xi-(146)] by htg. in naphthalene or nitrobenzene 
in pres, of aniline (yield: 81-89%) see (2); from 4-chloronaphthyl-l MgBr in ether by 
oxidn. with dry O2 see (4).] 

C with CI2 in AcOH yields (4) 2,4-dichloronaphthol-l (3:3250), m.p. 106® (4); C with 
1 mole Br2 in AcOH gives aim. quant, yield (11) 2-bromo-4-ciiloronaphthol-l ; ndls., m.p. 
96® (11). 

[C with 0.5 mole SCI2 in CHCI3 gives (79% yield (12)) 6ts-(4-chloro-l-hydroxynaphthyl-2) 
sulfide, colorless ndls. from hot ale., m.p. 172° dec. (12); for reactn. of C with 2-hydroxy- 
naphthalene-l-sulfenyl bromide (13) (14), or with SCI2 + /3-naphthol (16), see indie, refs.] 

[C undergoes many condensations with various types of cpds.: e.g., for condensation 
of C with formaldehyde (16) (17), with 2, 6-6w- (hydroxymethyl )-4-methylphenol (18), 
and use of prods, as mothproofing cpds. see indie, refs. ; for condensation of C with naphtha- 
lene-2, 3-dicarboxylic acid anhydride [Beil. XVIIi-(266)] see (19); for condensation of 
C with malic acid (1:0450) or with ethyl acetoacetate (1:1710) or with ethyl methyl- 
acetoacetate (1:1712) using H 2 SO 4 or P 2 O 5 yielding naphthapyrone derivs. see (8); for 
condens. of C with 2,3-dichloronaphthoquinone-l,4 (3:4857) for use in prepn. of vat dyes 
see (21).] 

[C with maleic anhydride (1:0625) + AICI3 + NaCl htd. ^ hr. at 210-220® gives (12% 
yield (20)) lO-chloro-l-hydroxyanthraquinone-4,9, dark red ndls. from CeHe, m.p. 206- 
206°; similarly C with citraconic anhydride (1 : 1136) yields (20) both 10-chloro-l-hydroxy- 
2-methyl- and 10-chloro-l-hydroxy-3-methylanthraquinone-4,9 ] 
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(C with 2,4-dmitrotolucne forms a mol. cpd., m.p. 65® <22); C with 2,4-dmitroamsole 
forms a mol. cpd. (22); for use of these as fungicides sec (22); for use of C as disinfectant 
see_(23).] 

C with PkOH in CHCI 3 (5) forms an unstable mol. cpd., C.PkOH, or. ndls., m.p. 171® 
(5), 170-171® (4) (1). 

C with FeCls or Ca(OCl )2 in neutral soln. gives blue ppt. (5) (4) 

C in ale. (10 pts.) treated with cone. HCl (5 pts.) and then with NaN02 (0.4 pt.) yields 
(2) 4-chloronaphthoquinone-l,2-oxime-2 [Beil. VIIi-(385)], purified via the beautifully 
crystg. dif. sol. red sodium salt, from which HCl ppts. the free oxime, pale ycl. ndls., m.p. 
157® (2). 

(© 4-Chloro-l-naphthyl acetate: cryst. from Igr., m.p. 44® (4) (26). [From C with 
AcCl (2) ] [For Fries rearr. of this acetate to 4-chloro-l-hydroxy-2-naphthyl methyl 
ketone see (24).J 

4-Chloro-l-naphthyl benzoate: ndls. from ale., m.p. 100-101° (25). [Reported 

only by indirect means (25).j 

3:3720 (l) Kaat, Bcr. 44, (1911). (2) Roisaert, Ber. 44, S67-8G9 (1011). (.S) Friedlander, 

Karame8sini.s, Schenk, Ber 55, 50 (1922). (4) Bodroux, Bull. soc. chirn. (3) 31, 8.5-36 (1904). 

(5) Rfiverdin, Kauffmaim, Ber. 28, 3051 3053 (1895). (6) Lesser, Gad, Ber. 56, 972-973 (1923) 

(7) Akt.-Ges. fur Auilin Fabiikation, Ger. 240,038, Oct. 26, 1911; Cent 1911, II 1565. (8) 

Chakravarti, Bagchi, J. Indian Chtm. Soc. 13, 651-053 (1930). (9) Soc d’exploitation des 

brevets O. Matter, French 807,530, Jan. 14, 1937, Cent. 19:i7, I 4560, C.A. 31, 5382 (1937). 
(10) Kalle and Co., Ger. 343,147, Oct. 28, 1921; Cent. 1922, II 114. 

(11) Willstatter, Schuler, Ber. 61, 367 (1928). (12) Christopher, Smiles, J. Ckem. Soc. 101, 

717 (1912). (13) J^tevonson, Smiles, J. Chem. Soc. 1930, 1744. (14) Child, Smiles, J. Chem. 

Soc. 1926, 957. (15) Lesser, Gad, Ber. 58, 2558 (1925). (16) Wcilor, Wenk, Stolter (to I G ), 

U.S. 1,707,181, March 26, 1029; French 651,646, Feb. 21, 1029, Cent. 1929, II 499. (17) I.G., 

Austrian, 124,284, Aug. 25, 1931, Cent 19;M, II 3176. (is) Weiler, Wenk, Stottor (to TO), 
Ger. 542,068, Jan. 20, 1929, Cent. 1932, 1 3014. (19) Kranzlem, VoUmann (to I.G.), Ger. 518,925, 

March 10, 1931; Cent. 1931, II 2786. (20) Waldmaim, Poppo, Ann. 527, 190-193 (1937). 

(21) Maennchen (to I.G ), Ger. 461,650, June 25, 1938, Cent. 1928, II 715. (22) I.G , Ger. 

462,151, July 6, 1928, Cent. 1929, 1 2086. (23) Heading, Pharrn. J. 138, 321-322 (1937); Chermst 

and Druggist 126, 392-393; Cent 1937, II 2208. (24) Chakravarti, Bagchi, J. Indian Chem. Soc. 

13, 692 (1936). (25) Autenrieth, Muhlmghaus, Ber. 40, 748 (1907). (26) Arran, Shah, J. Univ. 

Bombay 10, Pt. 5, 131-134 (1942); C.A. 37, 633 (1943). 


O 


3 : 3 750 2,6-DICHLOROBENZO- 
QUINONE-1,4 

(m-D i chlorobenzoquinono ) 



Beil. Vn - 633 
VIIi-(347) 


121® cor. 

(1) 

121® 

(2) 

120.5® 

(3) 

120® 

(4) (5) (6) 


(9) (14) (17) 

120-121® 

(7) (8) 

119® 

(12) 


[See also 2,0-dichlorohydroquirione (3 : 46(X)).] 

Yellow cryst. from CsHe or Igr. ; yellow pr. from ale. or AcOH. — C is somewhat sol. 
boilg. aq. or cold ale.; eas. sol. hot ale.; sol. CHCI 3 . — Sublimes far below m.p.; volatile 
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with steam. — C turns skin reddish brown. [For study of photochem. decompn. of ale. 
soln. see {43}.] 

[For prepn. of C from 2,6-dichlorohydroquinone (3:4600) with CrOa {7} or with excess 
aq. FeCh soln. on warming (9) see indie, refs.; from 2,4,6-trichlorophenol (3:1673) on 
oxidn. with CK)3 in AcOH at 30-40“ (yields: 69% (3), 27% (10)) (2), with cold fumg. 
HNOa (25% yield (11)) (6), with mixt. of fumg. HNO3 -f- cone. H2SO4 (12), with Pb02 
in AcOH or in CeHe (10) or in ale. with HNO2 (13) (14) cf. (10), see indie, refs, (note that 
in addn. to C the crude oxidn. prod, contains also 2-chloro-6-(2',4',6'-trichlorophenoxy)- 
benzoquinonc-1,4, m.p. 134-135° (10), and 2,6-Ws-(2',4',6'-trichlorophenoxy)benzoquinone- 
1,4, m.p. 245° (10), which resemble C in apiiearance, composition, and behavior); from 

2.6- dichloro-4-fluorophenol (8) or its dimethyl ether (8) or from 2,6-dicliloro-4-bromophenol 
(11) with ice-cold HNO3 (D — 1.5) see indie, refs.; from 2,6-dichloro-4-nitrophenol [Beil. 
VI-241, VIi- (122)1 on htg. above its m.p. (125°) (15) or in small amt. with mixt. of fumg. 
HNO3 + fumg. H2SO4 at ord. temp. (16); from 2,6-dichloro-4-aminophenol [Beil. XIII- 
512, XIIIi-(18:i)] by oxidn. with K2Cr207 -f H2SO4 (90% yield (1)) (17) see indie, refs.; 
from 3,5-<lichloro-4-aminophenol [Beil. XIII-513] similarly see (18); from 2,6-dichloro-p- 
phenylenediamine [Beil. XIII-118, XIlli-(.37)] by oxidn. with dichromate see (19) (10); 
from 2,6-dichloro-4-bromophenol bromide (4) or from ** 2,4,6-trichlorophenol bromide ** 
(2,4,6-trichloro-6-bromocyclohexadiene-l,4-onc-iI) [Beil. VII-1451 (5) with cold fumg. 
HNO3 see indie, refs.; from 2,6-dichiorobenzoquinone-],4-(2,4-dinitroanil)-4 [Beil. XII- 
754] on hydrolysis with dil. H2SO4 in s.t. at 2(K)° see (20).] 

[For study of bactericidal value of C see (21); for use as \’ulcanization accelerator see 
(22); for condensation with /3-naphthylamine and use of prods, as intermediates in prepn. 
of sulfur dyes see (23); for condensation with various amines to yield corresp. mono- and 
diarylaminoquinoncs see (24); for condensation with various aminophenols and use of 
prods, in prepn. of oxazine dyes see (25); for condensation of C with o-aminoaryl mercaptans 
and use in prepn. of vat dyes see (26); for reactn. with Na2S203 + AcOH in prepn. of sulfur 
dyes see (40).] 

C on rcductn. with aq. SO2 gives (80% yield (3)) (27) (1) 2,6-dichlorohydroquinone 
(3:4600) (note, how’ever, that C in dil. aq. NaOH under N2 with SO2 is in part reduced to 

2.6- dichlorohydroquinone (3:4600) and in part sulfonated to mono- and disulfonic acids 
of C (28)). — [For studies of the oxidn.-reductn. potential of system C -b 2,6-dichloro- 
hydroquinone see (3) (29) (30) (42) ] — [C forms with 2,6-dichlorohydroquinone the 
corresp. quinhydrone, brown prismatic ndls,, m.p. 135° (31), but does so less readily than 
the bcnzoquinone-l,4/hydroquinone system (3); note that this same quinhydrone is obtd. 
(36) from C + ord, hydrocpiinone (36).] 

[C in CHCI3 at low temp, does not react with CI2 but at ord. temps, gives (22) tetra- 
chlorobenzoquinone-1,4 (chloranil) (3:4978). — C in AcOH at 15-20° gives (11) with 2 
moles Br2 2,6-dichloro-3,5-dibromobenzoquinone-l,4 [Beil. Vll-642], m.p. 291° (11), ac- 
companied by a little 2,5-dichloro-3,6-dibromobcnzoquinone-l,4 [Beil. VII-642], m.p. 292° 
(11); but C in boilg. AcOH with 2 moles Br2 gives exclusively the latter (11) cf. (19) (33).] 

[C with cone. HCl gives on boilg. (34) both 2,3,5-trichlorobenzoquinone-l,4 (3:4672) 
and 2,3,5,6-tetrachlorobenzoquinone-l,4 (chloranil) (3:4978).] 

[C in cold ale. treated dropwise with 10% ale. KOH gives first a green soln. turning to 
brownish red and pptg. in poor yield (2) a potassium salt of 2-chloro-3, 6-di hydroxy benzo- 
quinone-1,4 [Beil. VIII-3781; C in satxl. ale. soln. at 50-60° with cone. NH4OH gives a 
purple soln. grad, turning brownish red and pptg. (20-25% yield (2)) 2-chloro-3,6-dihy- 
droxybenzoquinone-l,4-diimide [Beil. VIII-379J, bronze-colored Ifts. from AcOH, subliming 
at 258-260° without melting.l 

(C (1 pt.) in ale. (15-20 pts.) +• cone. HCl (0.3-0.4 pts.) treated with aniline (0.26 pt.) 
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yields mainly <35) 2,6-dichloro-3-aniliiiobenzoquinone-l,4 [Beil. XIV-137], blue ndls. or 
Ifts., m.p. 164® (35), and 2,6-dichlorohydroquinone (3:4600) accompanied by small amts, 
of ^hloro-3,6-dianilinobenzoquinone-l,4 (see below); C in either ale. or AcOH with 
excess aniline yields (36) 2-chloro-3,6-dianilinobenzoquinone-l,4 [Beil. XlV-143], brown 
Ifts. from AcOH, m.p. 262® (36), and 2,6-dichlorohydroquinone (3:4600).] — [Note that 
C with sulfanilic acid behaves similarly: e.g., C with 2 moles sulfanilic acid in aq. (best in 
pres, of NaOAc) yields (37) 2-chloro-3,6-6i®-(p-sulfoanilino)benzoquinone-l,4 together 
with 2,6-dichlorohydroquinone (3:4600); in aq. ale., however, 2,6-dichloro-3-(p-sulfo- 
anilino)benzoquinone is also formed (37).] 

[C with NH2OH.HCI in ale. yields (38) 2,6-dichlorobenzoquinone-l,4-monoxime-4, 
pale yel. Ifts. from dil. ale., m.p. 140° (38), which with cold cone. HNOs oxidizes to 2,6- 
dichloro-4-nitrophenol [Beil. Vl-241], colorless ndls. from aq., Ifts. from AcOH, tbls. from 
ether, m.p. 125® dec.; note that no dioxime can be formed ] 

[C with semicarbazide HCl in cold dil. ale. gives (39) 2,6-dichlorobenzoquinone-l,4- 
semicarbazone-4, in red or yel. forms acc. to conditions, but both of m.p. 218° dec. (39); 
note that no bis-semicarbazone can be formed.) 

[C with 20% soln. of triphenylphosphine in CHCI3 gives an orange-red, red, or brown 
color (41) (also shown by trichlorobenzoquinone and by chloranil); for other limitations 
and details see (41).] 

8:3750 (1) van Erp, Ber. 68, 664-665 (1925). (2) Kehrmann, Tiesler, J. wakt. Chem. (2) 40, 
480-486 (1889). (3) Conant, Fieser, /. Am. Chem. Soc. 45, 2202-2204 (1923). (4) Kohn, 

Susamann, Monalsh. 46, 586 (1925). (5) Kohn, Rubinowitscli, MotiaUh. 48, 353 (1927). (6) 

Faust, Ann, 149, 153-155 (1869). (7) Den Hollander, Hcc. trao. chmi. 39, 4<S1~482 (1920). 

(8) Hodgson, Nixon, J. Chem. Soc. 1930, 1868-1869. (9) Dakin, Am. Chem. J. 42, 491 (1909). 
(10) Hunter, Morse, J. Am. Chem. Soc 48, 1615-1624 (1926). 

(11) Ling, J. Chem. Soc. 61, 559-560, 566-507, 576-578, .580-581 (1892). (12) Guaresclii, 

Daccomo, Ber. 18, 1170 (1885). (13) Weselsky, Ber. 3, C40-G47 (1870). (14) Lampert, J. 

prakt. Chem. (2) 381 (1886). (15) Armstrong, Ber. 7, 926 (1874). (16) Armstrong, J, 

Chem. Soc. 34, 1121 (1871). (17) Kollrepp, Ann. 334, 14-15 (1880). (18) Bargcllini, Leone, 

AUi accad. Lincei 8, 399-404 (1928); Cent. 1939, I 1441. (19) Levy, Ber. 16, 1445-1447 (1883). 

(20) Reverdin, Crbpieux, Bar. 36, 3263 (1903). 

(21) Morgan, Cooper, J. Soc. Chem. Ind. 43-T, 352-354 (1924). (22) Fisher (to Naugatuck 

Chem. Co.), French 740,978, Feb. 3, 1933; Cent. 1933, I 3133. (23) 'rhiess, Macnnchen (to 

I. G.), Ger. 607,833, Sept. 20, 1930; Cent. 1930, II 2839. (24) Becke, W. Suida, H. Suida, Ger. 

300,706, Dec. 19, 1919; Cent. 1930, II 537. (25) I.G., French 758,247, Jaii. 12, 19.34, Cent. 1934. 

1 2661; French 43,096, Feb. 8, 1934; Cent. 1934, II 2662. (20) Herz (to Graselli Dyestuff Corp.), 

U.S. 1,588,384, June 8, 1926; Cent. 1937, I 1377; C.A. 30, 2587 (1926). (27) Kohn, Marberger, 

Monatah. 45, 654 (1924). (28) Dodgson, J. Chem. Soc. 1930, 2498-2502. (29) Hunter, Kvalnes, 

J. Am. Chem. Soc. 54, 2874-2875, 2878 (1932). (30) Kvalnes, J. Am. Chem. Soc. 56, 667-670 

(1934). 

(31) Ling, Baker, J. Chem, Soc. 63, 1321-1322 (1893). (32) Oliveri-Tortorici, Gazz. chim, 

Hal. 37, II 685-586 (1897). (33) Hantzsch, Schniter, Ber. 30, 2279-2282 (1887). (34) Levy, 

Schultz, Ann. 310, 153 (1881). (35) Niemeyer, Ann. 338, 334-337 (1885). (36) Siegmund, 
J. prakt. Chem. (2) 93, 361-362 (1915). (37) H. Suida, W. Suida, Ann. 416, 136-142 (1918). 
(38) Kehrmann, Ber. 31, 3318 (1888). (39) Heilbron, Henderson, J. Chem. Soc. 103, 1417 (1913) 

(40) B.A.S.F., Ger. 175,070, Sept. 19, 1906; Cent. 1906, II 1466-1468. 

(41) Schdnl^rg, Ismail, J. Chem. Soc. 1940, 1375-1377. (42) Conant, J. Am. Chem. Soc. 49, 

293-297 (1927). (43) Leighton, Dresia, J. Am. Chem. Soc. 53, 3656-3562 (1930). 


3:3780 4-CHLOR0.3-HYDROXYBENZ- 
ALDEHYDE 

M.P. 131® (1) (2) 

Colorless ndls. (1). 

[For prepn. of C from m-hydroxybenzaldehyde (1:0055) via 4-nitro-3-hydroxybenzalde- 
hyde, reduction to amino cpd., and use of appropriate diazo reactn. see (1).] 


Clc ^ ^ CHO ^7^60201 Beil. S.N. 746 
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C in 60% AcOH mononitratod as specified <2) gives mainly 4-chloro-2-nitro-3-hydroxy- 
benzaldehyde, spar. sol. in hot CHCI3, colorless pr. from AcOH, m.p. 175® (2) <3). [Note 
that this statement takes account of a very important correction (3).] [This 4-«hloro*2 
nitro-3-hydroxybenzaldehyde yields the following derive.: 7>-nitrophenylhydrazone, deep 
maroon ndls. from hot AcOH, m.p. 275-276® dec.; semicarbazone, It. or. ndls. from. ale., 
m.p. 265-266® dec. (2).] 

C in aq. contg. NaHCOa treated with (CH8)2S04 yields (1) 4-chloro-3-methoxybenzalde- 
hyde, m.p. 52® (1). [This prod, depresses m.p. of corresp. methyl ether of the isomeric 
2-chloro-3-hydroxybenzaldehyde (3 :4085), m.p. 56-57® <1); on keeping it acquires a 
beautiful silver-gray color (1); it yields an oxime, colorless ndls., m.p. 98-99®, and a p- 
nitrophenylhydrazone, old-gold ndls., m.p. 251® <1).] 

® 4-Chloro-3-hydroxybenzaldoxime: colorless ndls. of hydrate, dec. 106-110® from dil. 
ale.; anhydrous oxime, m.p. 126° (1). 

4-Chloro-3-hydroxybenzaldehyde phenylhydrazone: unrecorded. 

® 4-Cliloro-3-hydroxybenzaldehyde ^-nitrophenylhydrazone: violet-red ndls. from 
dil. ale., m.p. 226-227® (1). 

4-Chloro-3-hydroxybenzaldehyde 2,4-dmitrophenylhydrazone : unrecorded. 

® 4-Chloro-3-hydroxybenzaldehyde semicarbazone: pale yel. ndls., m.p. 238-239® (1). 

3:3780 (1) Hodgson, Beard, J. Chem. Soc. 1936 , 150-154. (2) Hodgson, Beard, /. Chem, Soe. 

1936 , 2033-2034. <3) Hodgson, Beard, J. Chem, Soc. 1937 , 2377-2378. 


3:3810 7-CHLORONAPHTHOL-l 



BeU. VI - 612 
VIi- 
VI 2 — 


M.P. 123® (1) 


Ndls. from aq. or CS2; spar. sol. aq. — C has odor suggesting that of iodoform. 

[For prepn. of C from 7-(p-chlorophenyl)paraconic acid [Beil. XVIII-421] by distn. see 

(1)J 

C dis. in aq. alk. from which it is repptd. by CO2; the alk. soln, of C couples with dia- 
zonium salts yielding azo dyestuffs (1). 

C with aq. FeCla gives a yellowish white ppt. which on stdg. assumes a pronounced 
violet color (1). 

C (1 mole) with PkOH (1 mole) in CHCI3 yields an addn. cpd., C.PkOH, or.-red. ndls. 
from hot CHCI3, m.p. 139® <1). 


7-Chloro-l-naphthyl acetate: oil. 

3:3819 (1) Erdmann, Kirchhoff, Ann. 347 , 374-375 (1888). 


3:3840 l,4-DICHLORONAPHTHOL-2 



Bell. VI - 650 
VIi- 
VI 2 — 


M.P. 123-124® (1) 

122-123® (2) 

121® (3) 

Ndls. from Igr.; eas. sol. ale., ether, or AcOH. 

[For prepn. of C from l,l-dichloro-2-keto-l,2-dihydronaphthaIene, m.p. 54® (2), 48-60® 
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(3) (itself prepd. from naphthol-2 (1 : 1540) in AcOH + NaOAc soln. with CI2 (2) (3)), by 
shaking with satd. soln. of HCl gas in AcOH for 2-3 min. (2) (3) see indie, refs.; from 1,1,3,4- 
tetrachloro-2-keto-l,2,3,4-tetrahydronaphthalone [Beil. VII-371] by partial reduction with 
SnCl2 in AcOH (poor yield) see (1); from l-chloronaphthol-2 (3:1700) with SO2CI2 at ord. 
temp. (4) (note that this prepn. undoubtedly involves intermediate formn. of 1,1-dichloro- 
2-keto-l,2-dihydronaphthalcne (above) (2)) see indie, refs.; from l,4,5-trichloronaphthol-2 
[Beil. VI-650] by partial reduction with Na/Hg sec (4).] 

[C in AcOH with (^l2 gives (1) l,l,4-trichloro-2-keto-l,2-dihydronaphthalene [Beil. 
VII-386J, m.p. 86-87°, together with other oily by-products.] 

C with SnCl2/AcOH/HCl in s.t. at 100° for 8 hrs. gives (72% yield (2)) (3) 4-chloro- 
naphthol-2 (3:3045), m p. 103-104°. 

C in AcOH mixed with cone. HNO3 (Z) = 1.42) and cautiously warmed until the liq. 
shows intense red color, then poured into aq., yields (1) 4-chloro-3-nitronaphthoquinone- 
l,2_[Beil. VIl-724], red ndls. from AcOH, m.p. 184° (1). 

C with aq. ale. Na2S03 boiled 72 hrs. gives in poor yield (2) 4-chloronaphthol-2-sulfonic 
acid-1, cryst. from aq. with H2O (not lost at 100° in vac.); note that this prod, on hy- 
drolysis with H2SO4 gives (91% yield (2)) 4-chloronaphthol-2 (3:3045), m.p. 103-104°. 

(g) l,4-Dichloro-2-naphthyl acetate: m.p. 90-91° (1). [From C with AcCl (1).] 

3:3840 (1) Zincke, Kegel, Ber. 21, 3387-3389 (1888). (2) Burton, J. Chem. Soc. 1045, 280-283. 

(3) Fries, Schimnielschmidt, Ann. 484, 293, 296-296 (1930). (4) Armstrong, Rossiter, Chem. 

News 63, 136 (1891); Proc. Chem. Hoc. 7, 32 (1891). 

3:3860 3,3'-DICHLOROBENZOPHENONE CisHgOCb Beil. S.N. 662 

(Di-(m-chlorophenyl) ketone) 


M.P. 133.8-134.9° (1) B.P. 160-166° at 2 mm. (1) 

[For prepn. of C from m-chlorobromobenzene [Beil. V-209, Vi-(115), V2-(161)] (2) via 
conversion to m-chlorophenyl MgBr (cf. (3)) and reaction with m-chlorobenzonitrile 
(Beil. IX-339] (4), followed by hydrolysis (77% yield), see <1).] 

(P 3,3'-Dichlorobenzophenone 2,4-dinitrophenylhydrazone: m p. 235-238° (1). 

3:3860 (1) Haller, Bartlett, Drake, Newmann, Cristol, et al., J. Am. Chem Soc. 67, 1600-1602 
(1945). (2) Hartwell, Org. Syntheses 24, 22-24 (Note 5) (1944). (3) Hein, Retter, Ber. 71, 

1968 (1938). (4) Korezynski, Fandrich, Compt. rend. 183, 421-423 (1926) ; Cent. 1926, II 1863; 

C.A. 21, 77 (1927). 
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3 : 3900 3-CHLOROPHTHALIC 
ANHYDRIDE 

Cl 6 

\ CsH^OjCl 

Jl 

BeU. XVn - 482 
XVHi— 

M.P. 126° (1) 

124.5-125.6° (2) 

123° (3) 

122° (4) (5) 

0 



[/See also Z’Morophtkalic acid (3:4820).! 

[For prepn. of C from 3-chlorophthalic acid (3:4820) by distn. see <4) (2); from 3-nitro- 
phthalic anhydride [Beil. XVII-486, XVlIi-(256)] by htg with PCI5 in s.t. 6 hrs. at 175° 
(5) or 9 hrs. at 220° (60% yield (1)) or with CI2 at 240° (6) see indie, refs.; from phthalic 
anhydride (1:0725) w'ith CI2 at 240° in pres, of Fe or Fe salts see (7).J 

[C with CI2 in fumg. H2SO4 in pres, of I2 gives <8) a mixt. contg. 3 pts. 3,6-dichloro- 
phthalic anhydride (3:4860), m.p. 194° cor., and 1 pt. 3,4-dichlorophthalic anhydride 
(3:3695), m.p. 120-121°, b.p. 329°.] 

[The neutral dimethyl and diethyl esters corresp. to C are unreported; ethyl hydrogen 
3-chlorophthalatc has m p. 118-119° (3).] 

[C with PCls (3) or with SOCI2 + ZnCl2 in s.t. at 200-240° (9) yields 3-chlorophthaloyl 
(di)chloride, b.p. 169-171° at 16 mm. (3) ] 

C with urea on fusion at 170° gives (3) 3-chlorophthalimide, cryst from AcOH, m.p. 
233° (3), 236° (15). — C with 1 mole aniline htd. at 200-220° until no more steam is evolved 
(14) or C with 1 mole aniline in boilg. AcOH (14) gives quant, yield 3-chlorophthalanil 
(AT-phenyl^-chlorophthalimidc), pale cream-colored ndls from AcOH, m.p. 189-190° 
(14); C similarly treated with p-toluidine gives (^)-90% yield (14)) A^-(/>-tolyl)-3-chlo- 
rophthalimide, colorless ndls. from AcOH, m.p. 160.5° (14). 

[C with pyrocatechol (1:1520) AICI3 + NaCl htd. at 130-138° gives (10) an inter- 
mediate prod, (presumably 3-chloro-2-(o,m-dihydroxybenzoyl) benzoic acid), yel. cryst. 
from AcOH, m p. 187° (10), which with cone. H2SO4 yields (10) 8-chloro-l ,2-dihydroxyan- 
thraquinonc (5-chlorohystazarin), yel. cryst. from pyridine, m p. 187° (diacetate, m.p. 
193° (10)). — C with hydroquinone (1:1590) -f AICI3 -f NaCl htd. at 200-220° for 40- 
50 min. yields (11) 8-chloro-l, 4-dihydroxyanthraquinone (5-chloroquinizarin), red cryst. 
from xylene, m.p. 243° (diacetate, m.p. 205°, dimethyl ether, m.p. 208° (11)).] 

[C with CeHe + AICI3 yields (12) 6-(3?)-chloro-2-(benzoyl)l)enzoic acid, m.p. 233.5°, 
which with cone. H2SO4 for 4_hrs. at 95° gives (59% yield (12)) 1-chloroanthraquinone 
(3:4480), m.p. 162° (12 ). —C with p-xylene -f AICI3 gives (81% yield (13)) 6-(3?)- 
chloro-2-(2,5-dimethylbenzoyl) benzoic acid, pr. from AcOH, m.p. 215°, w4iich on warm- 
ing with 9 pts. fumg. H2SO4 (10% SO3) gives (96% yield (13)) l-chloro-5,8-dimethyl- 
anthraquinone, yel. ndls. from AcOH, m.p. 186°.] 

C on boilg. with dil. HCl (1) or C on saponification with standard alk. (Sap. Eq. — 
91.3) followed by acidifn. gives 3-chlorophthalic acid (3:4820) q.v. 

3:3900 (l) Smith, J. Chem. Soc. 1933, 1643-1644. (2) Guareschi, Gazz. chim. tial. 17, 122 (1887). 
(3) von Braun, Larbig, Kredel, Ber. 66, 2338 (1923). (4) Kruger, Ber, 18, 1759 (1885). (5) 

Bogert, Boroschek, J. Am. Chem. Soc. 23, 751-752 (1901). (6) Imperial Chem. Ind., Ltd., 

Shaw, Thomas, Brit. 357,165, Oct. 15, 1931; Cent. 1931, II 3663. (7) Dvornikoff (to Monsanto 
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Chem. Co.), U.S. 2,028,383, Jan. 21, 1936; Cent, 1936, 1 2830; C.A. 30, 1394 (1936). <8) Villiger, 

Ber, 43, 3M9 (1909). (9) Kyrides (to Monsanto Chem. Co.), U.S. 1,951,364, March 20, 1934; 

Cent. 1934, II 333. (10) Waldmann (to I.G.), Ger. 642,719, March 12, 1937; Cent. 1937, I 

5048^6049; C.A. 31, 6261 (1937). 

(11) Waldmann, J. prakt. Chem. (2) 130, 100 (1931). (12) Dougherty, Gleason, J. Am. Chem. 

Soc. 63, 1024-1027 (1930). (13) Mayer, Hcil, Ber. 66, 2163 (1922). (14) Marriott, Robinson, 

J, Chem. Soc. 1939, 136-137. (15) Drew, Poarman, J. Chem. Soc. 1937, 31. 


3:3935 7-CHLORONAPHTHOL-2 


M.P. 136.6*’ (1) 



C 10 H 7 OCI 


BeU. VI - 649 
VIi- 
Vl2-(603) 


White Ifts. from Igr. 

[For prepn, of C from 7-hydrazinonaphthol-2 [Beil. XV-613] by treatment of its soln. 
in dil. HCl with CUSO4 (19% yield) see (1).] 

[C (as sodium salt) treated with CO2 at 230-250° and 45 atm. press, yields (2) 7-chloro- 
2-hydroxynaphthoic acid-3, yellowish Ifts. from AcOH, m.p. 277-278° (2) ] 

(P 7-Chloro-2-naphthyl acetate: Ifts. from toluene, m.p. 104.5° (1). [From C on re- 
fluxing with acetyl chloride (1).] 

8:3936 (1) Franzen, Deibel, J. prakt. Chem. (2) 78, 154 (1878). (2) Lange, Luce, Jacobs (to 
I.G.), Ger. 564,128, Nov. 14, 1932; Cent. 1933, II 446. 


3 : 3934 ^-PHENYLPHENACYL CHLORIDE CmHuOCI Beil. VH - 443 

(w-Chloro-p-phenylacetophenone; y V y V VIIi — 

chloromethyl p-xenyl ketone; \___/ X y n 1 ^ 

4-(chloroacetyl)biphenyl) (j (jl 


M.P. 136-137° (1) 

133-133° (2) (3) 


Pale yel. ndls. from dil. ale. 

[For prepn. of C from biphenyl (1 ; 7176) with chloroacetyl chloride (3 : 5235) -f AICI3 
(41% yield (2)) (3), or with chloroacetic acid anhydride (3:0730) AICI3 (77% yield 
(2)), see indie, refs.] 

[C with chloroacetyl chloride (3:5236) + Aids gives (52% yield (2)) 4,4'-6i8-(chloro- 
acetyl)biphenyl, ndls. from di-n-propyl ketone or cyclohexanone, m.p. 228-229° (2), 
226-227° (4); note that this prod, with excess piperidine yields (4) 4,4'-675-(piperidino- 
acetyl)biphenyl, brownish yel. pdr. from acetone, m.p. 143-144° (4).] 

[C with piperidine has not been directly reported but should yield 4- (piperidinoacetyl) bi- 
phenyl, ndls. from abs. ale., m.p. 93-94° (4), as has been demonstrated for the analogous 
p-phenylphenacyl bromide.] 

C with salts of acids should yield the corresp. p-phenylphenacyl esters (for table of 
examples see Vol. I, p. 652) although the usual reagt. for this purpose is the more common 
p-phenylphenacyl bromide. 

C with calcd. amt. of KMn04 in aq. alk. at 1(X)° is oxidized (3) to p-phenylbenzoic acid 
(Beil. 1X^71, IXi-(280)], m.p. 217-218° (3) (228®). 

3:3934 (1) Eastman Kodak Co., List No. 34 (1944). (2) Silver, Lowy, J. Am. Chem Soc 56 
2429-2430 (1934). (3) Collet, Bull. aoc. chim. (3) 17, 610 (1897). (4) Carpenter Turner’ 
J. Chem. Soc. 1934, 872. 
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3:3945 6-CHLORONAPHTHOL.2 


M.P. 138®u.c. <1) 



CioHtOCI 


BeU.VI.649 

VIi- 

Vlr- 


Ndls.; sol. ale., AcOH, CeHe, CS2. — Sublimes; volatile with steam. 

[For prepn. of C from salts of 2-hydroxynaphthalenesulfomc acid-^ [Beil. X1.282] by 
htg. with PCI5, then distilling with steam, see (l).l 


3:3946 (1) Claus, J, prakt. Chem. (2) 39, 317 (1889). 


3 : 3952 4,6-DICHLORO-3-HyDROXY- 
BENZALDEHYDE 


M.P. 130® (1) 
139° (2) 


CHO 



C 7 H 4 O 2 CI 2 BeU. VIU — 

Vini-( 536 ) 


Fairly eas. sol. hot aq.; eas. sol. CeHg, ale.; insol. Igr. — Volatile with steam. G has 
very pronouneed sternutatory props, and also attaeks moist skin produeing painful blisters 
( 2 ). 

[For prepn. of C from 4,fMliehloro-3-methylphenol (3:1745) via eonv. to 6M-(4,6-di. 
ehloro-3-mcthylphcnyl) earbonate, chlorination of latter, and subsequent alk. hydrol. of 
the chlorination prod, see (1); for formn, (in small amt. together with much 2,6 isomer) 
from 6-chloro-3-hydroxybenzaldehyde (3:3350) or from m-hydroxybenzaldehyde (1:0056) 
in AcOH with CI2 see (2).] 

C in 4 pts. AcOH + 1 pt. aq. treated grad, with 1 pt. cone. HNO3 (D * 1.4) yields 
<1) 4,6-dichloro-2-nitro-3-hydroxybenzaldehyde, m.p. 157° (1); this prod, with acetone 
and alk. yields <1) the corresp. indigoid, viz , 4,4,6,6-tetrachloro-7,7-dihydroxyindigo. 


4,6-Dichloro-3-methoxybenzaldehyde: ndls. from CeHe, m.p. 117° (1). 

3:3953 (1) Friedlander, Schenck, Ber. 47, 3048, 3051 (1914). (2) Hodgson, Beard, J. Chem. 

Soc. 1926, 148-149, 152. 


3:3956 o-CHLOROPHENYLPROPIOLIC C 9 H 6 O 2 CI BeU. S.N. 950 



M.P. 131-133° (1) (2) 

131° <3) 

Cryst. from 50% AcOH or CeHe. 

[For prepn. of C from (Mjhlorobenzaldehyde (3:6410) by conversion through o^chloro- 
cinnamic acid to ethyl o-chlorocinnamate, thence by addn. of Br2 to give ethyl /3-(<Mjhloro- 
phenyl)-^,/3-dibromopropionato, followed by elimination of 2 HBr and saponification (or 
vice versa) with ale. KOH, and final acidification (68% yield (1)) (2) cf. (3), see indie, refs.] 
C suspended in aq., treated with NaHCOa + CuCb, and steam-distilled (1) or C with 
Cu(OAc)2 (2) loses CO2 giving (66% yield) o-chlorophenylacetylene (3:9497). 

3:3956 (l) Bergmann, Bondi, Ber. 66 , 282-283 (1933). (2) Otto, J. Am. Chem. Soc. 56, 1393- 

1394 (1934). (3) Wilson, Wenzke, J. Am. Chem. Soc. 57, 1266-1267 (1935). 
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C 10 H 7 OCI Beil. VI - 613 
VIi- 
VI 2 - 


Ndls. from aq., Ifts. from CS 2 ; spar. sol. aq. ~ C has characteristic odor. 

[For prepn. of C from 7 -( 2 -chlorophenyl)paraconic acid [Boil. XVI 11*421] on rapid 
distn. see ( 1 ).] 

[For condensation of C with subst. isatin chlorides in prepn of indigoid dyes see (2).j 
C dis. in aq. alk. and this soln couples ( 1 ) with diazonium salts yielding azo dyestuffs. 
C with aq. FeCla gives .1 ycllowish-white ppt. unchanged on stdg ; C with Ca( 0 Cl )2 
soln. gives a pale violet ppt. ( 1 ). 

C (1 mole) in CHCI 3 on mixing with PkOII (1 mole) in CHCI 3 gives ( 1 ) ppt. of addn. 
cpd., C.PkOH, orange ndls. from hot CHCI 3 , m.p. 160° (1). 

© 5-Chloro-l>naphtliyl acetate: Ifts. from ale., m.p. 53° (1). [From C on protracted 
boilg. with AcCl ( 1 ).] 

3:3960 (1) Erdmann, KirchhoflF, Ann. 247 , 372-374 (1888). (2) I.G., Brit. 318,107, Oct. 23, 
1929; Cent. 1930 , 1 1383. 


3:3965 TETRACHLOROBENZO 
QUINONE-1,2 
(Tetrachloro-o-quinone ) 

M.P. 133° (1) 

131-132° (2) 

130° <4) (7) 

129-130° (3) 

129° (11) 

[See also tetrachloropyrocatechol (3:4875).] 

Red cryst. pdr. (1), cryst. from dil. AcOH (2). 

[For prepn. of C from tetrachloropyrocatechol (3:1520) by oxidn. with fumg. HNO 3 
in AcOH (81% yield (1)) (2) (3) (4) (5) (6) see indie, refs.; from pyrocatechol (1:1520) 
(2) (3) or pyrocatecholsulfonic acid (7) with CI 2 in AcOH sec indie, refs.; from tetrachloro- 
pyrocatechol monomethyl ether (tetrachloroguaiacol) (8) or from tetrachloropyrocatechol 
dimethyl ether (tetrachloroveratrole) (8) by oxidn. with HNO 3 see indie, refs.] 

[C adds 1 mole CI 2 yielding (9) hrxachlorocyclohexene-3-dione-l,2 [Beil. VII-575] q.v. 
which on reduction with SnCl 2 in AcOH (3) gives tetrachloropyrocatechol (3:4875).] 

[C with PCIb (2 moles) htd. in s.t. at 200-210° for Yi hr. gives (10) hexachlorobenzene 
(3:4939) and other products.] 

[For complex behavior of C on htg. with aq., with cold ales., or with aniline see Beil 
VII-602, VIIi-(338).] 

C forms addn. cpds. with many hydrocarbons [e.g., C with benzene gives C.SCoHe 
m.p. 37-42° (11); C with toluene gives C.CyHs, m.p. 45-50° (11); C with hexamethyl- 
benzene (1:7265) gives C.C 12 H 18 , greenish black ndls. from AcOH, m.p. 140-143° (11).] 

C with equiv. tetrachloropyrocatechol (3:4875) in least possible hot CHCI 3 gives on 



3:3960 S-CHLORONAPHTHOL-l OH 



M.P. 131.5° (1) 
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cooling the corresp. quinhydrone (6). — [For study of oxidn.-reductn. potential of system 
C/tetrachloropyrocatechol see (4) (5).] 

3:3965 (1) Jackson, MacLaurin, Am. Chem. J. 37, 11-12 (1907). (2) Zincke, Ber. 30, 1779 

(1887). (3) Zincke, Kuster, Ber. 31, 2729-2730 (1888). (4) Conant, Fieser, J. Am. Chem. Soc. 

46, 1873, 1875 (1924). (5) Kvalnes, J. Am. Chem. Soc. 56, 2487-2489 (1934). <6) Jackson, 

Carleton, Am. Chem. J. 39, 497 (1909). (7) Datta, Bhoumik, J. Am. Chem. Soc. 43, 313 (1921). 

(8) Cousin, Compt. rend. 139, 967 (1899). (9) Zincke, Kuster, Ber. 33, 487 (1889). <10) Zincke. 

KUster, Ber. 34, 927-928 (1891). 

<11) Pfeiffer, Ann. 413, 294-296 (1916). 


3 : 3985 6,7-DICHLORONAPHTHOL-l 



CioHeOCL Beil. VI- 613 
VIi- 


M.P. 133® (1) (2) 


Pale yel. pr. (from CS2) (1) (2). — Somewhat sol. hot aq. 

[For prepn. from 7-(2,4-<lichlorophenyl)paraconic acid [Beil. XVIII-421] by distn. 
see (2) ] 

C with FeCls gives a white ppt. which on htg. with excess reagt. colors violet (2). 

C in dil. alk. soln. couples with diazotized naphthionic ac (1-aminonaphthalenesulfonic 
acid-4) giving intense purple color {2). 

C on distn. with Zn dust yields naplithalene (1:7200) (2) (1). 

6,7-Dichloro-l-naphthyl acetate: from C on protracted refluxing with 4 pts. AcCl; 
pr. (from CHCI3 -f Igr.), m p 110® (2). 

3:3985 (l)'Krdmann, Sch-wechten, Ber. 31, 3444 (1H88). (2) Erdmann, Schwechten, Ann. 375, 

284r-285 (1893). 
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3:4000 4-CHLORONAPHTHO. 
QXnNONE-1,2 


M.P. 133-136® dec. (1) 

[188® <2) see text] 

Orange-red ndls. from CeHe by addn. of Igr.; C could not be further purified by recr)r8tal- 
lization since some decompn. always occurred (1) 

[For prepn. of C from l,4-dichloronaphthol-2 (3:3840) by conversion (59% yield) with 
HNOs in AcOH to 1 ,4-dichloro-l-nitro-2-keto-dihydronaphthalene, followed by subsequent 
elimination of NOCl by boiling with CeHe (80% yield), see (1). — Note that the prod, of 
m.p. 188®, maroon ndls. from ale., obtd. <2) from 4-chloro-l,2-diaminonaphthalene (4- 
chloronaphthylenediamine-1,2) by air oxidn., is regarded as C; this discrepancy is unex- 
plained.] 

C on reductive acetylation with AC2O + NaOAc + Zn dust loses its halogen atom 
giving (60% yield (1)) 1,2,4-triacetoxynaphthalene [Beil. VI-11331, m p. 134-136® (1). 

[C with 2,3-dimethylbutadiene (1:8050) in specially purified CHCI3 in s t. at 100® in 
dark for 72 hrs. undergoes a Diels-Alder type addition only very slowly (1); no inter- 
mediate addn. prod, could be isolated (difference from the isomeric 3-chloronaphthoquinone- 
1,2 (3:4704)), but on stdg. the soln. slowly deposits (15% yield (1)) 2,3-dimethylphenan- 
thraquinone, m p. 237-238® u.c.; 242-243® cor. (I).] 

4-Cliloronaphthoquliione-l,2-oxime-2 (4-chloro-2-nitrosonaphthol-l) [Beil. VIIi- 

(385)1 : pale yel. ndls., m.p. 157®. [Prepd. indirectly.] 

3:4000 ( 1 ) Fieaer, Dunn, J. Am, Chem, Soc. 69 , 1019-1020 (1937). (2) Hodgson, Elliott. J. 
Chem. Soc. 1935 , 1853. 



3:4005 1,4,5-TRICHLORONAPHTHALENE 


M.P. 133® (1) 

131® (2) (3) (4) 

129®u.c. <3) 



Cl CioHsCla Beil. V - 545 
Vi- 
V2-(446) 


Ndls. from ale. in which C is spar. sol. — Volatile with superheated (3) steam. 

[For formn. of C from sodium l,5-dinitronaphthalenesulfonate-4 (1) with HCl -f- NaClOg 

360 
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see (1); for prepn. of C from l,5-(iichloro-4-mtronaphthalene (Beil. V-556] (3), from 1,4- 
dichloro-5-nitronaphthalene [Beil. V-556, Vi-(264)] (4) <3), from 4-chloro-l,5-dinitro- 
naphthalene [Beil. V-561] (3), from l-chloro^,5-diiiitronaphthalene [Beil. V-561] (3), 
from 4,5-dichloronaphthalene8ulfonyl chloride-1 [Beil. XI-162] (5), from 4-chloro-5-nitro- 
naphthalencsulfonyl chloride-1 [Beil. XI-1691 (6), from l-chloro-5-nitronaphthalene8ulfoiiyl 
chloride-4 [Beil. XI-170] (6), from 5-chloro-4-nitronaphthalene8ulfonyl chloride-1 [Beil. 
XI-170] (6), from l-chloro-4-nitronaphthalenesulfonyl chloride-5 [Beil. XI-170] (6), or 
from 4-chloronaphthalene-l,5-6is-(sulfonyl chloride) [Beil. XI-213] (7) (2), each with 
PCls as directed, see indie, refs.] 

[C treated with CISO3H in CS2 and reactn. prod. conv. to salts as directed (2) 3riclds a 
mixt. of two sulfonates, viz., one derived from 1,4,5-trichloronaphthalenesulfonic acid-7 
(corresp. sulfonyl chloride, m.p. 118® (2)) and the other derived from 1,4,5-trichloro- 
naphthalenesulfonic acid-X (corresp. sulfonyl chloride, m.p. 178® (2)).] 

[C on oxidn. with dil. HNO3 in s.t. yields (3) a dichloro acid, presumably 3,6-dichloro- 
phthalic acid (3:4870).] 

3:4005 ( 1 ) Friedlander, Karamessinis, Schenk, Ber. 55, 47 ( 1922 ). ( 2 ) Turner, Wynne, J. Chem. 

Soc. 1941, 247 , 254 - 255 . < 3 ) Attcrbcrg, Ber. 9, 1187 , 1733-1734 ( 1876 ). ( 4 ) Widman, BuU. 

aoc. chim. ( 2 ) 28, 511 ( 1877 ). ( 5 ) Armstrong, Wynne, Chem. News 61, 273 ( 1890 ). ( 6 ) Cleve, 

Chem. Ztg. 17, 398 ( 1893 ). ( 7 ) Armstrong, Wynne, Chem. News 62, 163 ( 1890 ). 


3 : 4020 3-CHLORO-2,2,3-TRIMETHyLBUTANE C7H15CI 

(ter-Butyl-dimethyl-carbinyl Cl CIIs 

chloride) 


-C— CHa 


in, l^Hj 


M.P. 136° (1) 

133° <4) 

139° in s.t. (2) 
183° (3) 


Beil. 1 - 158 
Ii-( 59) 

Ir- 


Colorless cryst. with camphoraceous odor; extremely volatile and readily sublimes; 
insol. aq. and volatile with steam; purified by sublimation or crystn. from boilg. MeOH. 

[For prepn. of C from 2,2,3-trimethylbutanol-3 (pentamethylethanol) [Beil. 1-418, Ii- 
(207), l2"(447)] (3) or its hydrate (1) with fumg. HCl (2) (3), with PCls <1) or with AcCl 
(3 : 7065) (46% yield (4)) see indie, refs. ; from 2,2,3-trimethylbutane (“ triptane ”) (1 : 8544) 
with /er-butyl chloride (3:7045) + AICI 3 by shaking 30-45 seconds (16% yield) see (4).] 

C with ale. AgNOa ppts. AgCl even in cold (3). 

C with Mg in dry ether gives RMgC^I; this upon oxidn. with O2 and subsequent hydrolysis 
yields <2) 2,2,3-trimethylbutanol-2, m.p. 80® (2). 

C converted to RMgCl and the latter treated with CO 2 yields (2) ter-butyl-methyl- 
acetic acid [Beil. Il2-(150)], m p. 80° (2). 

3:4020 ( 1 ) Butlerow, Ann. 177, 183-184 ( 1875 ). ( 2 ) Richard, Ann. chim. ( 8 ) 21, 356-358 ( 1910 ). 
( 3 ) Henry, Compt. rend. 142, 1024 ( 1906 ); Rec, trav. chim. 26, 104 ( 1907 ). ( 4 ) Bartlett, Condon, 

Schneider, J. Am. Chem. Soc. 66, 1533 , 1537 ( 1944 ). 
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3 : 4030 2,4,6-TiaCHLOROPHLORO- 
GLUCINOL 


M.P. 136‘’u.c. <1) 
134° <2) 

132-133° (3) 



CeHgOsCla 


Beil. VI - 1104 

VIi-~ 

VIr~ 


Cryst. from abs. ale. — Note that from aq. C cryst. as a trihydrate (1), but on htg. this 
hydrate loses aq. before melting (2); note also that C on recrystn. from toluene gives a 
solvated prod., m.p. 108-109° (1). [For study of crystallography of C see (4).] 

C is aim. insol. aq. or cold CgHe; sol. ale. — C readily sublimes. 

[For prepn. of C from pliloroglucinol (1,3,5-triliydroxybenzerie) (1:1620) with CI2 in 
CCI4 (crude yield 76% (1)) or in AcOH (5) see mdic. refs.; note that attempts (6) (7) to 
prepare C from phloroglucinol (1 : 1620) with CI2 in aq. soln. were not effective owing to 
further decompn. of the prod, into dichloroacetic acid (3:6208) and/or the tetrahydrate 
of s2/m.-tctrachloroacctone (3:6050) cf. (1)] 

[For formn. of C from phloroglucinol (1:1620) with 802^32 in dry ether see (3) ] 

[For formn. of C from hcxachlorocyclohexanotrione-1,3,5 (“ hexachlorophloroglucinol ”) 
[Beil. VII-854, VIli-(469)] by^ reduction with SnCl2 or KI sec (7) ] 

C dis. in hot cone. HCl from which on cooling it separates m fine ndls ; C with warm 
dil. HNO3 is decomposed with formn. of oxalic acid (1 •044.')); C with cone. II2SO4 dissolves 
unchanged on gentle warming, but on contd htg. HCl is evolved and soln turns deep 
sage-green (1). 

C dissolves in aq alk. but is repptd. unchanged upon acidification; note, however, that 
alk. soln. of C on stdg in air develops a purple color (1) 

[C in AcOH added to excess Br2/aq. undergoes ring cleavage with formn. of 1, 1, 3,5,5- 
pentabromo-l,3,5-trichloropcntanedione-l,4 [Boil 1-786], colorless cryst. from pet. ether, 
m.p. 93-95°, to a turbid li(p becoming clear at 98° <8).] 


2,4,6-Trichloropliloroglucinol trimethyl ether: ndls. from ale., m.p. 130-131° (9). 

[Prepd. indirectly (9) ] 

2,4,6-Trichlorophloroglucinol triacetate: Ifts from dil AcOH, m p. 167-168° (7). 

[From C with large excess AcCl at 100° (7).] 

3:4030 (1) Webster, J. Chem, Soc, 47, 423-426 (1885). (2) Zincke, Kegel, Bpt. 23, 1731-1732 

(1890). (3) Peratoiier, Plnoecluaro, Cazz. chim. ztal. 24, I 243- 244 (1894). (4) D6verin, Bull, 

soc. valid. SCI. natur. 59, 417-428 (1937), Cent 1938, II 847, C A. 34,4320 (1940) (5) Hazura, 

Benedikt, Monatsh. 0, 706-707 (1885) (6) Hhusiwetz, Habermariii, Ann. 155, 132-134 (1870). 

(7) Zincke, Kegel, Ber. 22, 1473-1477 (1889). (8) Zincke, Kegel, Btr 23, 1720-1721 (1890). 

(9) Ciamician, Silber, Ber. 24, 2980-2981 (1891). 


3:4040 2,6-DICHLORONAPHTHALENE 


Ci 



U C 10 H 6 CI 2 Beil. V - 544 
Vi- 

V2-(446) 


M.P. 136° (1) <2) B.P. 385° u.c. (4) 

135-136° (13) 

135-135.5° ux. (3) 

135° U.C. (4) 

135° (5) (6) (7) 

(9) (19) 
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This, from ether + CeHg, ndls. from hot ale., pr. from AcOH. — Spar. sol. ale.; eas. 
sol. ether, CeHe, or CHCI3. — Volatile with steam. 

[For prepn. of C from naphthalene-2, 6-6w- (sulfonyl ehloride) [Beil. XI-216] (8) <10), 
from 6-ehloronaphthalene-2-sulfonyl ehlonde [Bed. XI-180] (45% yield (2)) (1) (9), from 
6-bromonaphthalene-2-sulfonyl ehloride [Beil. Xl-184] (11), from salts of 2-hydroxy- 
nai)hthalenesulfonate-6 [Bed. XI-282, XIi-(()6)] (59% yield (3)) (4) (5), or from 6-bromo- 
naphthol-2 [Bed. VI-651] (55% yield (12)) with PCI5 as direeted, sec indie, refs ; from 
6-sulfonaphthylamine-2 [Beil. XIV-760, XlVi-(735)] by treatment of eorresp. diazonium 
chloride with PCI5 in POCI3 see (13) (14); from 2,6-diaminonaphthalene [Beil. XlII-208] 
via tetrazotization in HCl followed by htg. with Cu pdr see (G); from sodium jS-naphtha- 
lenesulfonate [Beil. XI-171, XIi-(;38)] with KCIO3 + boilg. dd. HCl (50% yield) see (15).) 

[C in CHCI3 satd. with CI2 gives (9% yield (20)) 1,2,6-tricldoronaphthalene (3:2515), 
m.p. 92°.] 

b on oxidn. with dil. HNO3 (Z) ~ 1.2) in s t at 150° (16) or better with dil. HNO3 
(D = 1.13) in s t. at 190-200° (17) yields 4-chlorophthalic acid (3.4390), m.p. 148° u.c. 
(17). — C on oxidn. with Cr03/Ac0H yields (18) 2,6-dichloronaphthoquinone-l,4 [Beil. 
Vll-730], bright yel. mils., m.p. 148-149° (18), this cpd. also accompanies (18) the 4- 
chlorophthalic acid of the same m.p. during HNO3 oxidn. (above). 

[C on mononitration yields (16) two isomers, one m.p. 139-139.5°, the other m.p. 113.5- 
114° (16)] 

[C in CS2 treated with CISO3H yields (19) 2,6-dichloronaphthalenesulfonic acid-4 [Beil. 
XI-162] (eorresp. sulfonyl chloride, m.p. 136°, eorresp. sulfonamide, m.p. 269°).] 

3:4040 (1) Forsliiig, B(r. 20, 80-81 (1887). (2) Beattie, Whitmore, J. Am. Chem. Soc. 55, 
1548 (1933) (3) Weissbcrger, Sangcwald, Z. physik. Chem. B-20, 116-147 (1933). (4) Claus. 

Zimmcrmariri, Bvr. 14, 1483--14S4 (ISM). (5) Poliak, Gcbaucr-Fuliiegg, Blumcnstock-HaJward, 
Monatsh, 49, 197 (1928). (6) Vcscloy, Jakes, BuU soc. chim. (4) 33, 949 (1923). (7) Tilden, 

Armstrong, Chem. News 58, 295 (1888). (8) Cle\e, Bull. soc. thim. (2) 26, 245 (1876). (9) 

.\rnell, Bull soc chim. (2) 43, 184 (1886) (10) Armstrong, Wynne, Chem. News 62, 163 C890). 

(11) Sindall, Chem Netvs 60, 58 (1889). (12) Franzen, Stauble, J. prakt Chem. (2) 103, 370 

(1921 /22) (13) Erdmann, Ann 275, 280 (1893) (14) Nakata, Ber. 64, 2067 (1931). (15) 

Kozlov, Talybov, .7. 6Vn. Chem. (USSR) 9, 1827-1833 (1939); C.A. 34, 4067 (1940). (16) 

A16n, Bull. soc. chim. (2) 36, 434 (1881). (17) Claus, Btr. 51, 320 (1882). (18) Claus, Muller, 

Ber. 18, 3073-3074 (188,5) (19) Aimstrong, Wynne, Chem. News 61, 273-275 (1890). (20) 

Wynne, J. Chem. Soc. 1946, 61. 

3:4052 2,3,6-TRICHLOROHyDROQUINONE OH C W3O2CI3 Beil. VI - 860 


M.P. 138° (1) 

136° (2) 

134° (3) 

131-132° (16) 

130-132° (13) 

130° (4) 

also 2,S,54richlorobemoquin<me-lf4 (3:4672).] 

Colorless shining pr. from aq. rapidly losing their luster in air (3); transparent pr. wdth 
1 mole AcOH from AcOH but solvated AcOH readily lost in air (5). 

C at 15° is sol. in 160 pts. aq. (6); C is spar. sol. cold aq. but eas. sol. hot aq. in which 
it first melts to an oil (3); C is eas. sol. ale. or ether. 



VIi- 

Vl2-(846) 
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C readily sublimes in Ifts. (4); for study of sublimation press, see (7). 

[For study of heat of formn. of C see (8); for studies of heat of combustion of C see (5) 

(9) .l 

(For detn. of chlorine in C by hydrogenation at elevated temp, see (10); for patent on 
use of C as vulcanization accelerator sec (11).] 

PREPARATION OF Q 

From trichlorobenzoquinone. [For prepn. of C from 2,3,5-trichlorobenzoquinone-l,4 
(3:4672) by reduction with aq. SO2 (3) (4) (6) (12) in ether (1), or from “ benzoquinone 
tetrachloride ” (2,3,5,6-tetrachlorocyclohexanedionc-l,4) [Beil. VII-557] with aq. SO2 
(13), see indie, refs.] 

From other sources. [For formn. of C (together with other products) from 2,5-dichloro- 
benzoquinone-1,4 (3:4470) or from 2,6-dichlorobenzoquinone“l,4 (3:3750) with boilg. 
cone. HCl see (14); from CeHe with KCIO3 + H2SO4 see (16).] 

CHEMICAL BEHAVIOR OF C 

Reduction. [C with Na/Hg in acid soln. is hardly affected and docs not (3) give hydro- 
quinone; however, for anal, of C by quant, detn. of chlorine with H2 at elcv. temp, see 

( 10 ) .] 

Oxidation. C on oxidn., c.g., with CrOa at 0® (5), cone. HNO3 (4) (3), AgNOa (4), or 
FeCla (4), gives 2,3,5-trichlorobenzoquinone-l,4 (3:4672); note, however, that with in- 
suOicient oxidizing agent the corresp. quinhydrone (see below) may separate. 

(For study of oxidn -reductn. potential of system C + 2,3,5-trichlorobenzoquinone-l,4 
(3:4672) see (2) (17) (18).] 

C (1 mole) with 2,3,5-trichlorobenzoquinonc-l,4 (3:4672) (1 mole) in CHCI3 soln. 
gives on evapn. (2) (19) the corresp. quinhydrone, green-black cryst., m.p. 114-115° (2), 
103° (19). 

[Note also that C in aq. KOH exposed to air first turns green, then red, and finally 
brown (4), and this soln. on stdg. or boilg. in air gradually separates the corresp. potassium 
salt of chloranilic acid (3:4970) (3).] 

Other reactions of C. [C with PCU (2 moles) on htg. gives (3) a mixture of penta- 
chlorobenzene (3:2290) and hexachlorobenzene (3:4939).] 

Trichlorohydroquinone dimethyl ether (3,4,6-trichloro-l,4-dimethoxybenzene): 

unreported. 

(P Trichlorohydroquinone diethyl ether (3,4,5-trichloro-l,4-diethozybenzene): ndls. 

from ale., m.p. 68.5° (3). [From C with C2H6I + KOH in s.t. (3).] 

© Trichlorohydroquinone diacetate: ndls. by sublimation, m.p. 153° (3). [From C 
with AcCl under reflux (3).] 

(P Trichlorohydroquinone dibenzoate: ndls. from CS2, m.p. 174° (14). [From C with 
BzCl on htg. (14).] ' 

3:4062 (1) Blitz, Giese, Ber. 37, 4017 (1904). (2) Conant, Fieser, J. Am. Chem. Soc. 46, 2206- 
2207 (1923). (3) Graebe, Ann. 146, 22-30 (1868). (4) Stadeler, Ann. 69, 321-326 (1849). 
(5) Valear, Ann. chim. (7) 21, 496-499 (1900). (6) Stenhouse, Ann. Suppl. 6, 218 (1868). (7) 

A. S. CooUdge, M. S. Coolidge, J. Am. Chem. Soc. 49, 100-104 (1927). (8) Sjostrom, Svenak 

Kern. Ttd. 48, 121-124 (1936); Cent. 1937, I 58; C.A. 36, 6634 (1936). (9) Swietoslawski, Star- 

czewska, J. 6h%m. phye. 22, 399-401 (1926). (10) ter Meulen, Heslinga, Rec. trav. chim. 42, 

1093-1096 (1923). 

(11) Fisher (to Naugatuck Chem. Co.), French 740,978, Feb. 3, 1933; Cent. 1933, I 3134; 
C.A. 27, 2845 (1933). (12) Graebe, Ann. 263, 28 (1891). (13) Peratoner, Genco, Oazz. chim. 
ital. 24, II 389-390 (1894). (14) Levy, Schultz, Ann. 216, 153-164 (1881). (16) Krafft, Ber. 



365 


SOLIDS 


3:4052-^:4085 


16, 797-800 (1877). (16) Carius, Ann. 142, 129-138 (1867). (17) Conant, J. Am. Chem. Soc. 
40, 293-297 (1927). (18) Kvalnes, J. Am. Chem. Soc. 66, 667-670 (1934). (19) Ling, Baker, 

J. Chem. Soc. 63, 1322-1323 (1893). 


3:4065 3-CHLORO-4-HYDROXyBENZ- \ chO ^ 7H602C1 Beil. Vm - 81 

ALDEHYDE S / Vnii— 

LI 

M.P. 139° cor. (1) B.P. 149-150° at 14 mm. (1) 

132-134° (2) 

127-128° (3) 

Ndls. from aq. (1). — Very spar. sol. cold aq., eas. sol. hot aq.; spar. sol. CHCL; eas. 
sol. ale., ether (1). 

[For prepn. of C from p-hydroxybenzaldehyde (1:0060) with CI2 -f CHCI3 see (1) (2); 
from 3-chloro-4-hydroxybenzyl alcohol by htg. with alk. sodium m-nitrobenzenesulfonate 
see (3); from o-chlorophenol (3:0255) -f CH2O imder specified circumstances see (4) or 
with chloral (3:5210) see (5).] 

C with FeCls gives no coloration (3). — C forms a NaHSOa cpd. (3). 

C in EtOAc hydrogenated with H2 at 40 Ib./sq. in. for 45 min. in presence of Raney Ni 
cat. gives (2) 3-chloro-4-hydroxybenzyl ale., cryst. from CeHe, m.p. 127° (2). 

(g) 3-Chloro-4-hydroxybenzaldozime: ndls. from aq. or CHCI3, m p. 144-145° (1). 

3-Chloro-4-hydroxybenzaldehyde phenylhydrazone: unrecorded. 

3-Chloro-4-hydrozybenzaldehyde ^-nitrophenylhydrazone : unrecorded. 

3>Chloro-4>hydrozybenzaldehyde 2,4-dinitrophenylhydrazone: unrecorded. 

(g 3-Chloro-4-hydrozybenzaldehyde semicarbazone: yel. ndls. from very dil. AcOH, 
m.p. 210° dec. (1);212° (3). 

3:4666 (l) Biltz, Ber. 37, 4031-4034 (1904). (2) Buehler, Brown, Holliert, Fulmer, Parker, 
J. Org. Chem. 6, 904 (1941). (3) Hanus, J. prakt. Chem. IM, 263 (1941). (4) Geigy and Co., 

Ger. 105,798; Cent. 1966, I 523. (5) Haakh, Smola, Austrian 151,159, March 25, 1935; Cent. 

1936, I 439. 


3 : 4085 2-CHLORO-3-HYDROXYBENZ- 
ALDEHYDE 

M.P. 139.5° (1) 

139-139.5° (3) 

139° cor. (4) 



C7H6O2CI 


Beil. S.N. 745 


Colorless cr3rst. from dil. AcOH (1) becoming pale pink on prolonged exposme to air 
(i).-c has pronounced sternutatory props. (1) (3). 

[For prepn. of C from m-hydroxybenzaldehyde (1:0055) + CI2 (32.6% yield (4)) see 
(1) (3) (4); for indirect prepn. via 2-nitro-3-hydroxybenzaldehyde, reductn., and ap- 
propriate diazo reactns. see (1).] 

C in 50% AcOH mononitrated as directed (2) by grad. addn. of HNO3 {D - 1.3) then 
after a min. poured onto ice gives 100% yield of mixt. of 4-nitro and 6-nitro derivs.; extrac- 
tion with aq. at 90° dissolves the latter leaving residue of almost pure 4-nitro deriv. ; from 
the soln. of &-nitro isomer a little dissolved 4-nitro cpd. is distilled out with steam (2). 

4-Nitro-2-chloro-3-hydrozybenzaldehyde: pale yel. ndls. from AcOH, m.p. 166° (2). 
[Corresp. oxime, insol. aq., yel. ndls. from ale., m.p. 170° (2); p-nitrophenylhydrazone, 
deep or. ndls. from hot AcOH, m.p. 294-295° dec. (2); semicarbazone, sulfur-yel. ndls. 
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from hot ale., m.p. 271-272® dec. (2); methyl ether, colorless ndls. from dil. ale. or dil. 
AcOH, m.p. 107® <2).] 

6-Nitro-2-chloro>3-hydroxybeiizaldehyde: colorless ndls. from aq., m.p. 153® (2). 
[Corresp. oxime, exceedingly sol in aq. or ale , colorless ndls. from CHCI3, m.p. 175® (2); 
p-nitrophenylhydrazone, or.-red ndls. from hot dil. AcOH, m.p. 232-233® (2); semicarba- 
zone, pale yel. ndls. from ale., m.p. 234® dec. <2); methyl ether, colorless ndls. from AcOH, 
m.p. 134® <2).] 

C in CHCla treated with Br2 in CHCI3 as directed (5) gives (86% yield (5)) 4-bromo-2- 
chloro-3-hydroxybenzaldehyde, cryst. from 50% AcOH, m.p 130-140° cor. (5). [This 
deriv. depresses m.p. of C (5).] [4,6-Dibromo-2-chloro-3-hydroxybcnzaldehyde has m.p. 
104-105® (5).] 

C with 50% KOH at 60-70° undergoes Cannizzaro reactn giving (4) 2-chloro-.3-hydroxy- 
benzyl ale. (87% theory (4) j, cryst. from toluene, m p. 132° cor (4), and 2-chloro-.3-hydroxy- 
benzoic acid (96% theory (4)) (3:4395), cryst. from aq., m p 156° (4) 

C in aq. 20% NaOH (1) or aq. NaHCOs (1), treated with Me2S()4, yields methyl ether 
(2-chloro-3-methoxybenzaldehyde), volatile with steam, cryst. from dil ale., m.p. 56- 
57° (1). [This ether depresses m.p. of corresp. deriv. (m.p. 52°) of the isomeric 4-chloro-3- 
hydroxybenzaldehyde (3 : 3780) J (On oxidn. with alk. KMn04 (1 > this methyl ether yields 
2-chloro-3-methoxybenzoic ac., m.p. 160° (1).] 

2-Chloro-3-hydroxybenzaldoxime : colorless ndls from dil ale., m.p. 149° (1). 

2-Chloro-3-hydroxybenz Idehyde phenylhydrazone: unrecordc'd. 

2-Chloro-3-hydroxybenzaldehyde ^-nitrophenylhydrazone : or -red ndls from hot 
ale., m.p. 244-245° (1). 

2-Chl<wo-3-hydroxybenzaldehyde 2,4-dinitrophenylhydrazone : unrecorded 

® 2-Chloro-3-hydroxybenzaldehyde semicarbazone : pale yel ndls , m p. 236-237° 

( 1 ). 

(p 2-Chloro-3-acetoxybenzaldehyde: rhombic cryst. from ale., m p. 62° (1). 

® 2-Chloro~3-benzoxybenzaldehyde: rhombic cryst. from ale., m.p. 88° (1). 

3:4085 (1) Hodgson, Beard, ./. Chem. Soc 1926, 149“ 155 (2) Hoclg.son, Be.ard, J. Chem. Soc. 

1926, 2031-2036. (3) Bissell, Kranz (to National Aniline and Chem*. Co.), U S. 1,770,803, 

Sept. 30, 1930; Cent 1931, II 159, (\A. 24, 57C8-5769 (1930). (4) Lock, Monatsh. 66, 309-311 

(1930). (5) Lock, Monatsh. 62, 187-188 (1933). 


3:4095 2,4-DICHLOROPHENOXYACETIC 


C8II6O3CI2 


Acm 


Cl- 


<( ^>— OCHgCOOH 


C\ 


M.P. 140-141° (I) 
138° (2) 


BeU. S.N. 522 


White odorless cryst. from CeHe; aim. insol. aq. — Neut. Eq. = 221.0. 

[For prepn. of C from 2,4-dichlorophenol (3:0560) with chloroacetic acid (3:1370) in 
aq. NaOH (87% yield) see (1).] 

[For general survey of C as plant hormone see (1) (3) cf. (4); for use of solns. of C in 
polyethylene glycols for regulating growth of plants see (5); for use of C as weed killer 
see <6).] 

3:4096 (l) Zimmermann, Ind. Eng. Chem. 36, 596-601 (1943). (2) Pokorny, J. Am. Chem. Soc, 

63, 1768 (1941). {3) Zimmermann, Hitchcock, Contrib. Boyce Thompson Inst. 12, 321-343 

(1942); C.A. 36, 6199 (1942). (4) Avery, Berger, Shalvia, Botan. Gaz. 104, 281-287 (1942); 

C.A. 37, 1471 (1943). (5) Mitchell, Hamner, Botan. Gaz. 106, 474-483 (1944); C.A. 38 4654 
(1944). (6) Harner, Tukey, Science 100, 154-155 (1944). ’ 
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3:4102 m-CHLOROPHENYLPROPIOLIC C9H5O2CI Beil. S.N. 950 

ACID 

M.P. 140-141° (1) 



Cryst. from AcOH. 

[For prepn. of C from m-chlorobenzaldohyde (3:6475) by conversion through wKjhloro- 
cinnamic acid to cithyl m-chlorocmnamatc, thence by addn. of Br2 to give ethyl 
chlorophenyl)-a,/f^-dibromopropionate, followed by elimination of 2 HBr and saponification 
(or vice versa) with ale. KOH, and final acidification (yield not stated), see {!).] 

C with Cu(OAc )2 loses CO2 yielding (1) r/i-chlorophcnylacetylene (3:9500) (cf. also 
under o-chlorophenylpropiolic acid (3:3956)). 

3:4102 (1) Otto. J. Am. Chem. Soc. 56, 1393-1394 (1934). 


C 6 H 2 CI 4 BeU. V - 205 
Vi-(113) 
V2-(157) 


M.P. 141° <1) B.P. 243-246° cor. (9) 

140-141° (2) 240° (5) 

139.6-139.9° (3) 236° (7) 

139.5-140.5° (4) 

139° (5) (6) (24) 

138° (7) (8) 

<1‘1) (14) 

137-138° (9) (10) 

137.5° (11) 

137° (12) (23) 


3:4115 1,2,4,6-TETRACHLOROBENZENE Cl 



Ndls. from ether; cryst. from CCI4, CS2, CeHe + EtOH, or CeHe (for studies on crystal- 
lographic props, see (2) (8) (5) (15)). — Insol. cold and spar. sol. hot ale.; fairly sol. cold 
ether, CeHe, CHClj, or CS2. — C has penetrating and disagreeable odor. — Sublimes 
easily. 

[For prepn. of C from 2,4,5-trichloroaniline [Beil. XII-627] (9) or from 2,5-dichloro-p- 
phenylcnediamine [Beil. XIII-118] (16) via diazotization and use of CU2CI2 reactn. (64% 
yield (16)) see indie, refs ; from p-dichlorobenzene (3:0980) with S2CI2 4- AICI3 in SO2CI2 
(67% yield (1)) (17) or from o-dichlorobenzenc (3:6055) with CI2 -h cat. (18) see indie, 
refs.] 

[For formn. of C from CeHe with CI2 in pres, of I2 (5), Fe (44% yield (13)), or AICI3 (19), 
or Cu (20), or from chlorobenzene with CI2 + Cu (20), or from o-dichlorobenzene (3:6055) 
with CI2 + cat. (18) or Al/Hg (21), or from m-dichlorobcnzene (3:5960) with CI2 + 
Al/Hg (21) or AICI3 (4), or from p-dichlorobenzene with CI2 in pres, of Fe (39% yield 
(13)), see indie, refs.; from dry CeHe with anhyd. AuCls (22) or on electrol. in aq. HCl/ 
AcOH soln. sec (23); from lower chloro derivs. of CeHe with FeCL see (7); from 2,4,5- 
trichlorotoluene (3:2100) with CI2 see (24); from benzaldehyde (1:0195) by htg. with 
SbCU see (ll).l 

[For formn. of C from 2,5-dichloro-4-nitroaniline on diazotization and treatment with 
CU2CI2 see (25) (14) (note abnormal replacement of nitro group); from nitrobenzene with 
SO2CI2 -f N2O4 see (10); from resorcinol 4,6-6i5-(sulfonyl chloride) or hydroquinone 2,5- 
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bis- (sulfonyl chloride) with PCU in s.t. at 180® see <12) (26); from 4 , 6 -dichlorobenzene 1,3- 
6 w-(sulfonyl chloride) (27) or from l, 3 - 6 is- (methylmercapto) benzene-4, 6 -W 5 -(sulfonyl 
chloride) (28) with SOCI 2 at 170-200® see indie, refs.; from 2 , 5 -dichlorobenzene- 1,4-6 m- 
(sulfonyl chloride) with PCls in s.t. 4 hrs. at 180® see ( 6 ); from 2 , 3 , 5 , 6 -tetrachloro-JV- 
nitroacetanilide ( 39 ) by refluxing in toluene or xylene (other products are also formed) 
see (39).] 

[For behavior of C with liq. CI 2 yielding addn. products see (29); for behavior with 
NHa at elevated temps, see (30); C with S 2 CI 2 + AlCls + SO 2 CI 2 yields (17) hexachloro- 
benzene (3:493 )).] 

[C htd, with NaOMe as directed yields according to conditions (13) (31) (32) (38) 2,4,5- 
trichlorophenol (3 : 1620) or its methyl ether.] 

C on mononitration, e.g., on boilg. with 5 pts. HNO 3 (D — 1.62) for ^ hr. (3) (13) (34), 
yields l,2,4,5-tetrachloro-3-nitrobenzene [Beil. V-247], m.p. 99-100® (33) (35), 99® (34) 
(13), 98® (9), some tetrachlorobenzoquinone (chloranil) (3:4978) (insol. in pet. ether) 
also being formed (9) (34) (13) (33). [For studies on chem. of this mononitro cpd. see 
(36).] 

C on dinitration by boilg. 5-6 hrs. with mixt. of 10 pts. HNO3 (D = 1.52) -f 10 pts. 
fumg. H2SO4 (25% SO3) gives (71% yield (33)) l,2,4,5-tetrachloro-3,6-dmitrobenzene, 
cryst. from CeHe by addn. of ale., m.p. 227-228® m), 232-233® (35). 

C with 4 pts. chlorosulfonic acid refluxed for hr. gives (78% yield (37)) hexachloroben- 
zene (3:4939), m.p. 218-219® u.c. (37). 

3:4116 (1) Silberrad. J. Chem. Soc. 121, 1020 (1922). (2) Fels, Z. Krist. 32, 305 (1900). (3) 

Dadieu, Pongratz, Kohlrausch, Monaiah. 61, 4M (1932). (4) Olivier, Hec trav. chim. 39, 411- 

413 (1920). (5) Jungfleisch, Ann. chim. (1) 16, 277-283 (1868). (6) Gcbauer-Fulnogg, Fidor, 

Monatsh. 48, 634 (1927). (7) Thoma.*?, Compt. rend. 126, 1212 (1898). (8) Bodewig, Z. Krist. 

3, 400 (1879). (9) Beilstein, Kurbatow, Ann. 192, 236-237 (1878). (10) Battegay, Denivelle, 

Bvil. soc. chim. (4) 47, 609 (1930). 

(11) Gnehm, Banziger, Ann. 296, 67 (1897). (12) Litvay, Hiesz, Landau, Ber. 62, 1867 
(1929). (13) Holleman, Rec. trav. chim. 39, 736-737, 745, 749 (1920). (14) Hodgson, J. Soc. 

Dyers Colourists 42, 368 (1926). (15) Groth, Ch^m. Krist 4, 7 (1917). (16) Schoutissen, J. 

Am. Chem. Soc. 66, 4538-4539 (1933). (17) Roberts and Co. & Silberrad, Brit. 193,200, March 

15, 1923; Cent. 1926, 1 904. (18) Mills (to Dow Chem. Co.), U.S. 1,934,675, Nov. 7, 1933, Cent. 

19M, I 1390; C.A. 28, 494 (1934). (19) Mouneyrat, Pouret, Compt. rend. 127, 1028 (1898). 

(20) Tei, Komatsu, Mem. Coll. Sci. Kyoto Imp Untv. 10-A, 326-330 (1927); Cent 1928, 1 2370. 

(21) Cohen, Hartley, J. Chem. Soc. 87, 1363-1365 (1905). (22) Kharasch, Isbell, J. Am. Chem. 

Soc. 63, 3053 (1931). (23) Fichter, Glantzstein, Ber. 49, 2475-2481 (1916). (24) Beilstein, 

Kuhlberg, Ann. 162, 247-248 (1869). (25) Holleman, van Haeften, Rec. trav. chim. 40, 71 (1921)! 

(26) Quilico, Gazz. chim. ital. 67, 800-802 (1927). (27) Poliak, Wienerberger, Monatsh. 36, 

1472 (1914). (28) Poliak, Monatsh. 36, 1460 (1914). (29) van der Linden, Rec. trav. chim. 66, 

425-427 (1936); 67, 342-344 (1938). (30) Heslinga, Rec. trav. chim. 43, 178-180, 182 (1924). 

(31) Aktien-Gesell. fiir Anilin-Fabr., Ger. 349,794, March 9, 1922; Cent. 1922, IV 45; Ger. 
411,052, March 23, 1925; Cent. 1926, I 2411. (32) Clark, Crozier, Trans. Roy. Soc. Can. (3) 19, 
III 153-156 (1925). (33) Berckmans, Holleman, Rec. trav. chim. 44, 851-852 (1925). (34) 

X^yson, George, Hunter, J. Chem. Soc. 1926, 3044. (35) Qvist, Salo, Acta Acad. Ahoensis Math 

et Phys. 8, No. 4 (1934); Cent. 1934, II 595; Cent. 1936, I 540. (36) Peters, Rowe, Stead, J. 
Chem. Soc. 1943, 233-235. (37) Huntress, Carten, J. Am. Chem. Soc. 62, 613 (1940). (38) 

de Crauw, Rec. trav. chim. 60, 787 (1931). (39) Peters, Rowe, Stead, J. Chem. Soc. 1943, 372-373. 
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Long colorless ndls. from hot aq. — Faintly pleasant phenolic odor. (New comml. 
prod. (1942) in U.S.A.J — Eas. sol. ale., ether, AcOH, CeHe; fairly eas. sol. hot aq.; spar, 
sol. cold aq. 

[For prepn. from “ hexachlororesorcinol " (3:3470) by reduction with SnCl 2 in AcOH 
see(l).] 

C is sol. in aq. alk. (2). — C in aq. soln. gives with FeCls a blue color (2). 

C in AcOH on treatment with CI 2 yields “ hexachlororesorcinol " (3:3470), m.p. 115®. 

(P Tetrachlororesorcinol diacetate: m.p. 145® (1), 144® <2). [Note that m.p. of this 
deriv. is close to that of C and should be tested by method of mixed m.p.'s.] 

3:4135 (1) Zincke, Fuchs, Ber. 35 . 2689-2690 (1892). (2) Fries, Hartmann, Ber. 54 . 199 (1921). 

CHO 

3:4140 2,4-DICHL0R0-3-HYDR03CYBENZ 
ALDEHYDE 

M.P. 141® (1) 

Colorless cryst. from AcOH. C has pronounced sternutatory props, and blisters moist 
skin. — [Note that the m.p. of a mixt. of C with isomeric 2,6-dichloro-3-hydroxybenz- 
aldehyde (3:4160), m.p. 140®, is depressed to 111® (1) ] 

[For prepn. of C from 4-chloro-3-hydroxybenzaldehyde (3.3780) in AcOH with CI 2 
at room temp. (100% yield) see <l).l 

C (1 pt.) in AcOH (4 pts ) on nitration at 65® with 1 pt. cone. HNOs (I^ = 1.42) yields 
(2) 2,4-dichloro-3-hydroxy-6-nitrobcnzaldchyde (2), colorless ndls. from its deep yellow 
soln. in AcOH or from hot aq., m.p. 107® (2) vp-nitrophenylhydrazone, or. ndls. from 
AcOH, m p. 279-280® (2), semicarbazone monohydrate, yel. ndls. from dil. ale., softens 
140-150° (2)). 

C dislvd. in boilg. 10% NaOH (2 moles) and treated with Me 2 S 04 (1.3 moles) yields 
<1) 2,4-dichloro-3-methoxybenzaldehyde, m.p. 82® (1) (p-nitrophenylhydrazone, old-gold 
ndls., m.p. 258-260° (1)), which on oxidn. yields 2,4-dichloro-3 methoxybcnzoic acid, 
colorless ndls., m.p. 163° (1). 

® 2,4-Dichloro-3-hydroxybenzaldoxime: fine colorless ndls. from ale., m.p. 188® <1). 
(© 2,4-Dichloro-3-hydroxybenzaldehyde A-*iitrophenylhydrazone: or.-red ndls., m.p. 
277-278® dec. (1). 

3:4140 (1) Hodgson, Beard, J, Chem. Soc. 1936 , 147-165. (2) Hodgson, Beard, J. Chem. Soc. 

1936 , 2030-2036. 
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M.P. 143® (1) (2) (3) 

141.8® (4) 

141® (5) (6) (7) (8) (181) 

140-143® (9) 

140.65® (10) 

140.3® (11) (29) 

140.3® (12) 


<( ycoon 
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139.5-140® 

139.5® 

139-140® 

139® 

138® 


140® 


(13) (14) (26) (27) (49) 137® 


C7H6O2CI 


BeU. IX - 334 
IXi-(138) 


139.9® (15) 

139.8-140.0® (16) 


(17) 

(38) 

(18) (19) 

(20) (21) (22) 

(23) (‘24) (58) 

(25) (63) (97) (36) 
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Cryst. from hot aq., CeHe, dioxane/CeHe, or ale. — C is spar. sol. cold aq.; e.g., C is 
sol. at 0® in 881 pts. aq. (27); at 25®, 100 ml. satd. aq. soln. conts. 0.213 g C (21) (— 0.0136 
mole per liter (21) (28)) — C is eas. sol. hot aq , ale., ether (26) — At 14-16®C 100 ml. 
satd. soln. of C in acetone conts. 28.4 g. C, in ether 17 g. C, in EtOAc 13.2 g. C, in 75% 
AcOH 6.2 g. C; in CeHe 0.9 g. C; in CCU 0.6 g. C; in CSg 0.5 g. C; in Igr. 0.07 g. C (10). 
— For study of soly. of C in acetone (4), CeHe (4) (29), heptane (29), chlorobenzene (3 : 7903) 
(30), o-chlorotoluene (3:8245) (30), or m-chlorotoluene (3.8275) (30) see indie, refs. 

For study of distribution at 25° of C between aq. + toluene (31), aq. -f- xylene (32), or 
aq. + CHCla (31 ) (32) (for use of CHCI3 in sepn. of C from aq. suspension of 3-chloro- 
phthalic acid (3:4820) (33)) see indie, refs.; for adsorption of C on charcoal from its solns. 
in EtOH (34), acetone (4), CeHe (4), or aq. (35) see indie, refs.; for soly. of C in aq. solns. 
of various salts (including NaA) see (28) (21). 

C can be sublimed in vac. (12). — C is but very slightly volatile with steam (for details 
see (11)). — For crystallographic data sec (36) (37). — For purification of C (by use of 
decolorizing carbon on soln. of C in aq. Na2C03 followed by repptn. with 6 N IK3) see (38). 

Binary systems contg. C: for f.p./compn. data on system C -f H2O see (39); for f.p./ 
compn. data and diagram on system C + BzOH (1:0715), eutectic, m.j). 01.1°, contg. 
about 41 wt. % C, see (10) (41); for f p./compn data on systems C + n-toluic acid (1 :0f)90) 
(20) or C + o-hydroxybonzoic acid (salicylic acid) (1:0780) (20) see indie, refs. 

For f.p./compn. data and diagrams on systems C + w-chlorobenzoic acid (3:4392) 
(eutectic, m.p. 110.7°, contg. 52-53 mole % C (6) (40) (10) (15)) sc*c indic. refs ; on system 
C -f p-chlorobenzoic acid (3:4940) (eutectic, m.p. 132°, contg. abt. 86 mole % C) see 
(10) (15). 

For f.p./compn. data and diagrams on systems C + o-bromobenzoic acid (41), C + 
o-iodobenzoic acid (42), C -f o-nitrobenzoic acid (43), C + /yi-nitrobenzoic acid (43) see 
indic. refs. 

Ternary systems contg. C. [For influence of addn. of benzoic acid (6) or of 7>-chloro- 
benzoic acid (3:4940) (40) to the eutectic of C with m-chlorobenzoic acid (3:4392) see 
indic. refs. ; for influence of addn. of C to the eutectic of benzoic acid with //t-chlorobenzoic 
acid see (40); for data on system C 4- w-chlorobenzoic acid (3:4392) + 7>-chlorobenzoic 
acid (3:4940^ eutectic, m.p. 104.9°, contg. respectively 48.3, 44.0, and 7.7 mole % of the 
three isomers, see (15),1 

Miscellaneous. [For study of fate of C in animal organism see (44) (45); note that 
contrary to earlier (45) results with dogs and rabbits conjugation with glycine to yield the 
expected A- (o-chlorobenzoyl) glycine (o-chlorohippuric acid) [Beil. IX-336], m.p. 176° 
(45), does (44) occur. — For study of use of C (or its salts) as preservatives see (46); for 
detectn. of C in foods see (179). — For use of C as vulcanization regulator see (47) (48).] 

Preparation. [For prepn. of C from o-cblorotoluene (3:8245) by oxidn. with boilg. 
aq. KMn04 (yields: 90% (14), 74-78% (18), 6&-71% (24)) (49) (13), with nitrosulfonic 
acid (from fumg. HNO3 + dry SO2) at 100° (50), with air in the pres, of various catalysts 
(51) (52) (53), or in aq. alk. at 260° under press. (54), see indic. refs ; for formn. of C from 
(Mjhlorophenyl benzyl ketone by auto-oxidn. in light and air see (56); for formn. of C from 
o-chlorobenzaldehyde (3:6410) by oxidn. with Cr03 (57), with alk. KMn04 (58), or by 
auto-oxidn. in AC2O (59) see indic. refs.] 

[For prepn. of C from o-aminobenzoic acid (anthranilic acid) [Beil. XIV-312, XIVi- 
(529)1 via diazotization and use of CU2CI2 (yields; 90% (24), 87% (178)) (preferably 
under CO2 (60)), or CuH (60% yield (61)), or Cu (62) see indic. refs.] 

[For prepn. of C from o-chlorobenzonitrile [Beil. lX-336] by hydrolysis with H2SO4 
(14), with dil. HCl in s.t. at 150° (63), or boilg. KOH (14) see indic. refs.; from o-chloro- 
benzoyl chloride (3:6640) by hydrolysis with aq. (91) or aq. alk.; from o-chlorobenzotri- 
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chloride (3:6880) by hydrolysis (64) (65), e.g., with aq. in s.t. at 150® (27) or by boilg. 
cone. HNOa (65) see indie, refs.; from o-chlorobenzal (di)chloride (3:6625) with CrO* 
(57) or with boilg. aq. for 20 hrs. followed by oxidn. with KMn04 (75% yield (7)); from 
a mixt. of o-chlorobenzotrichloride -f- o-chlorobenzal (di)chloride by hydrol. with 70% 
H2SO4 or 80% AcOH or 5% NaOH at 90-100® in stream of air to effect immediate oxidn. 
(67); from o-chlorobenzoyl-o-chlorotriphenylmethane by hydrolytic cleavage with 20% 
MeOH/KOH 5 hrs. at b p. (8); from o-chlorophenylnitrolic acid by hydrolysis with boilg. 
aq. (19) sec indie, refs.] 

[For fornin. of C (together with other prods.) from benzoic acid (1:0715) with KCIO3 
-f- HCl (68), with NaOCl (6) (69), see indie refs ] 

[For formn. of C from o-sulfobenzoic acid imide (saccharin) [Beil. XXVII-168, XXVIIi- 
(266)] with KCIO3 -f- H(>1 see (9); from 3-clilorophthalic acid (3:4820) by cat. monode- 
carboxylation see (70); from o-nitrotolucnc [Beil. V-318, Vi-(158), V2-(243)] (71), from 
sodium o-toluenesulfonatc [Beil. XI-8il, XIi-(22)] (72), or from o-toluencsulfonyl chloride 
[Beil. XI-86, XIi-(23)] (71) with SOCI2 in s.t. at elevated temp, followed by treatment 
with aq. see indie refs.] 

Chemical behavior. [C (as NaA) on reduction with Na/Hg (27) (25) (73) or C (as 
KA) on fusion with sodium formate (74) cf (75) is dchalogenated yielding benzoic acid 
(1:0715) (for study of reduction of C with H2 -j- Ni in aq. alk at ord. temp, see (76)). — 
C on electrolytic reduction in ale. H2SO4 yields (77) o-chlorobenzyl ale. [Beil. VI-444, 
VIi-(222)], ndls. from aq. ale., m p. 72® (77)] 

C behaves normally as a monobasic acid: e g., C on titration with standard dil. aq. alk. 
gives Neut. Eq. 156.5; ionization const at 25® is 13.2 X lO*** (78) (79) cf. (80) (81) (21) 
(1). — [For study of acid strength of C in various alcohols (82) (83) (84) (5) (85) (86) (22) 
or in acetonitrile (87) sec indie, refs. — For solubility of C m aq. solns. of various salts 
incl. NaA see (28) (21). — For sepn. of C from p-chlorobenzoic acid (3:4940) by use of 
difference in their acidic strength see (88). — For use of C as standard in alkalimetry (89) 
and in iodimetry (90) see indie refs ] 

Salts of inorg. bases. [N H4A (91 ) (92) (note that this salt with benzotrichloride (3 : 6880) 
in pres, of suitable cat. yields (93) o-chlorobenzonitrile). — Hydroxylamine salt: m.p. 
104.5° (94). — NaA (use as preservative) (46) — KA.)^H20 (91) (forms liq. cryst. on 
fusion (95)). — AgA, scales from boilg aq. (25) (100) (note that this salt with I2 in CeHe 
under reflux does not (96) yield phenyl o-clilorobcnzoat«, m.p. 37°, and thus differs from 
corresp. salt of 7n-chlorobenzoic acid (3:4392)). — CaA2.H20 (26) (97), much more sol. 
aq. than corresp. salts of wi-chlorobenzoic acid (3:4392) or p-chlorobenzoic acid (3:4940) 
(97); insol. either cold or hot ale. (98); on dry distn. gives (18% yield (99)) xanthone 
(1:7275), m p. 174®. — BaA2.3H20 from spont evapn. of aq. soln. (98) (9). — BaA2 from 
hot cone. aq. soln. (25) (26) (use in sepn. of C from isomers (40)); spar. sol. aq. (100). — 
Note that PbA2 (25) (100) and CuA2 (25) (100) are spar. sol. aq., while salts of Ca, Sr, 
Mg, Zn, Fe, Mn, Co, Ni, and Cd are sol (100). — For sepn. of C from BzOH (1:0715) 
by use of Cu salts see (6).] 

Salts of organic bases. C with equiv. amt. benzylamine in boilg. EtOAc followed by 
evapn. of solvent yields (101) benzylammonium o-chlorobenzoate, m.p. 148.4-149.4® u.c., 
150.5-151.5® cor , Neut Eq. 263.6 (note that the m.p. of this salt is but very slightly dif. 
from that of corresp. salt of ?a-chlorobenzoic acid (3:4392)). — C similarly treated with 
a-phenylethylamine yields (101) a-phenylethylammonium o-chlorobenzoate, m.p. 128.4- 
129.4® U.C., 130.9-131.9® cor., Neut. Eq. 277.6 (note that m.p. of this salt, although better 
separated from those of the isomeric acids than the preceding case, is very close to those 
of the corresp. salts of m-methoxybenzoic acid, p-methoxybenzoic acid, and o-nitrobenzoic 
acid). 
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C (1 mole) in aJc. mixed with codeine (1 mole), m.p. 155®, htd. several minutes, solvent 
evapd. and resulting sirup recrystd. from aq. yields {102} codeine o-chlorobenzoate, C18H21- 
O3N.C, m.p. 134® on Maquenne block note that this value although close to that 
of corresp. prod, from o-bromobenzoic acid is widely different from that of corresp. salts 
of either m-chlorobenzoic acid (3:4392) or p-chlorobenzoic acid (3:4940) which are 96® 
and 162® respectively. — C (1 mole) in ale. (or CHCI3) with strychnine (1 mole) in ale., 
boiled for a few minutes, then cooled, yields <103) strychnine o-chlorobenzoate, C21H22- 
O2N2.C, m.p. 170® u.c. on “ Maquenne block note that this melting point is somewhat 
lower than that (185®) for the corresp. salt of m-chlorobenzoic acid (3:4392) and widely 
different from that (251°) of the corresp. salt of p-chlorobenzoic acid (3:4940). 

[For optical data on cinchonine salt see (104); for salt (m.p. 108-110°) with phenyl- 
mercuric hydroxide see (105).] 

C with alcohols gives by conventional processes the corresp. esters; for details on methyl 
o-chlorobenzoate (3:6695) and ethyl o-chlorobenzoate (3:6800) see these compds. — 
[For study of rate of esterification of C with MeOH (106) (111) (17) (112), with EtOH 
(2) (17) (113), or with cyclohcxanol (1:6415) (107) see indie, refs.] 

C with P2O5 in toluene boiled for 4 hrs. (108), or C (109) or its sodium salt (110) refluxed 
with oxalyl (di)chloride (3:5060) in CeHe, yields o-chlorobenzoic acid anhydride, ndls. 
from It. pet. (108) or ale. (109), m.p. 79.6° (108), 78-79® (109); note that C (2 moles) with 
oxalyl (di)bromide refluxed in CeHe similarly gives good yields (110) of the above anhy- 
dride, but that NaA with oxalyl (di)bromide can also be used (110) to give o-chlorobenzoyl 
bromide, b.p. 143-145® at 37 mm. (110). 

C with PCI5 (114) (45) (115), or with PCIj + ZnCl, (114), or with SOCl, (114) (45) 
(116) (117), or with SOCl? -h pyridine (118), or with o-chlorobenzotri chloride (3:6880) 
-f ZnCl2 (119) yields o-chlorobenzoyl chloride (3:6640) q v. for data on yields. 

C with KOH or NaOH on fusion (128) (27) (25), or C with aq. piperidine in pres, of 
Cu powder in s.t. at 160° for 4 hrs. (121), or C with aq. piperidine + Na2C03 + amyl ale. 
4- Cu powder refluxed 6 hrs. (124), or C (as KA) with aq. NaOAc + Cu(OAc)2 in s.t. 
at 140-150® for 9-10 hrs. (126), or C with aq. Ca(OH)2 + Cu epds. at 160-170° under press. 
(122) gives (83% yield (126)) o-hydroxybenzoic acid (salicylic acid) (1 :0780), accompanied 
in some cases (120) by substantial amounts of m-hydroxybenzoic acid (1:0825). — For 
use of alk. fusion as means of detect, of C in wine see (123). — Note that C with aq. KOH 
(even in pres, of copper) (124), or C with aq. Ba(OH)2 in s t. at 190-200® (125), does not 
yield salicylic acid or any chloride ion. 

Reaction of C with phenols. C on suitable treatment condenses with phenols yielding 
o-aryloxybenzoic acids: e.g , C (as KA) with Na phenolate and Cu powder at 180-190° 
for 5 min. (127) (128), or C (as KA) with phenol + Cu powder or Cu salts (129) (130), 
or C (as KA) with anhydrous KOAc/NaOAc -f Cu powder at 246-255° for 5 hrs. (126) 
gives (90% yield (127)) o-phenoxybenzoic acid [Beil. X-65, Xi-(28)], Ifts. from dil. ale., 
m.p. 113°; note that this prod, with cone. H2SO4 on gentle warming loses H2O and ring- 
closes in_ quant. 3rield (131) to xanthotfe (1:7275), m.p. 174°. — [For analogous condensa- 
tions of C with o-cresol (1 : 1400) (127) (128) (60), m-cresol (1 : 1730) (127), jo-cresol (1 : 1410) 
(127) (128), a-naphthol (1:1500) (132), ^-naphthol (1:1540) (127) (128), o-chlorophenol 
(3:5980) (133), m-chlorophenol (3:0255) (133), p-chlorophenol (3:0495) (133), m-nitro- 
phenol (133), p-nitrophenol (133), including conv. to the corresp. xanthones, see indie, 
refs. ; many other analogous cases are known but cannot be included here. 

Reaction of C with amines. G (or its salts) with primary or secondary aliphatic or 
aromatic amines in the pres, of K2CO8 and Cu powder on htg. condenses with elimination 
of HCl (or its equivalent) to yield products of type 0-HOOO-C8H4-- NHR; these products 
by ring closure tl^ough elimination of water yidd in turn the corresponding acridones; the 
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reaction has been executed for countless cases of which only a few of the more important 
examples can be cited here; for the most comprehensive single survey see (134). 

G (as KA.) htd. with aq. aniline + Cu powder (134) (135), Cu salts (135), or C htd. with 
aniline + Cu powder (136) or Cr powder (137), or C htd. with aniline + anhydrous K2CO3 
+ CuO (134) (38) gives (yields: 97% (134), 82-93% (38), 87% (137)) INT-phenylanthranilic 
acid (diphenylamine-o-carboxylic acid) [Beil. XIV-327, XIVi-(533)], cryst. from ale., 
m.p. 182-183® rap. htg. (38); this prod, with cone. H2SO4 at 100® loses aq. and ring-closes 
(yields: 91-96% (38)) (138) (139) to acridone [Beil. XXI-335, XXIi-(312)], sublimable 
yel. ndls., m p. 354® cor. 

[For details on analogous reaction of C with o-toluidine (134) (135) (136) (140), m~ 
toluidine (134) (141), p-toluidine (134) (135), a-naphthylamine (134) (135), /5-naphthyl- 
amine (134) (135), o-aminophenol (134), o-anisidme (134), m-anisidine (134) (141), p- 
anisidine (142), o-aminobenzoic acid (134), m-aminobenzoic acid (134), p-aminobenzoic 
acid (134), p-phenylenediamine (134), p-aminodimethylaniline (124), see indie, refs.; 
scores of other examples cannot be cited here.] 

Substitution of nucleus of C. — [C in fumg. H2SO4 or chlorosulfonic acid + a little sulfur 
treated with Br 2 (1 mole) at 60-70® gives (70-75% yield (143>) 5-bromo-2-chlorobenzoic 
acid [Beil. IX-355], ndls., m.p. 165-167® (143).] 

C on mononitration under various conditions, e.g., C (2 wt. pts.) dislvd. in cone. H2SO4 
(15 wt. pts.) and treated below 50® with a mixt. of HNO3 {D — 1.5) (1 wt. pt.) in cone. 
H2SO4 (2.5 wt pts ) (144) gives mainly (yields: 78.5% (144), 35% (146), 32-38% (146)) 
(147) (148) (14) (149) 2-chloro-5-nitrobenzoic acid [Beil. IX-403], ndls. from aq., m.p. 
165® (149) (14) (172), 164-165® (144) (145), 164® (146) (148), accompanied by a small 
amt. 2-ch]oro-3-nitrobenzoic acid [Beil. IX-402], m.p. 185® (148), 181® (150). — [Note 
that both the other nitro-2-chlorobenzoic acids are known, viz., 2-chloro-4-nitrobenzoic 
acid [Beil. lX-404], ndls. from aq., m.p. 140® (151), 139-140® (162), and 2-chloro-6-nitro- 
benzoic acid, m.p. 161® (151), but are prepd. by other methods.] 

C on direct dinitration, e.g., with cone. H2SO4 + KNO3 at 100® (153) (164) or at 130® 
(155) or C with cone. H2SO4 + fumg. HNO3 at 130-140° (156), gives (94% yield (165)) 
2-chloro-3,5-dinitrobenzoic acid [Beil. IX-415], ndls. from aq., m.p. 199-200° (153) (154), 
199® (156), 198.5® cor. (155) (for use of this prod, in detection of C see (180)); this prod, 
is also obtd. by further nitration of 2-chloro-3-nitrobenzoic acid (above) with cone. H 2 SO 4 
+ KNO3 at 170° (157). — [Note that of the 5 other isomeric dinitro-2-chlorobcnzoic acids 
which are possible only one is known, viz , 2-chloro-4,5-dimtrobenzoic acid, m.p. 165° 
cor. (158), obtd. from 2-chloro-4-nitrobenzoic acid (above) by further nitration with fumg. 
HNO3 + cone. H2SO4 (80% yield (158)).] 

Methyl o-chlorobenzoate: oil, b.p. 234®. (See 3:6695.) 

Ethyl o-chlorobenzoate: oil, b.p. 243®. (See 3:6800.) 

(P ^-Nitrobenzyl o-chlorobenzoate: m.p. 106® (169). [From G (as NaA) with p- 
nitrobenzyl bromide (m.p. 99°) in boilg. dil. ale. (159); note that the m.p. of this 
ester is almost identical with that (107°) of the corresp. prod, from m-chlorobenzoic 
acid (3:4392).] 

® Phenacyl o-chlorobenzoate: m.p. 85.5® (160), 83® (23). [From C (as NaA) with 
phenacyl bromide (m.p. 50°) in boilg. ale. (97% yield (23)).] — [Note that the m.p. 
of this prod, is only slightly lower than that (87.6°) of the corresp. prod, similarly 
obtd. from p-chlorobenzoic acid (3:4940).] 

^-Chlorophenacyl o-chlorobenzoate: unreported. 

® ^-Bromophenacyl o-chlorobenzoate: m.p. 107.0® cor. (161), 106® (23) (162). [From 0 
(as NaA) with p-bromophenacyl bromide (m.p. 109°) in boilg. ale. (80% yield (23)).] 
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^-lodophenacyl o-chlorobenzoate: unreported. 

® ^-Fhenylphenacyl o-chl<wobenzoate: m.p. 123® (163). [From C (as NaS) with 
p-phenylphenacyl bromide (m p. 126°) in boilg. ale. (163).] 

5-Benzyithiuronium o<chlorobenzoate: unreported. 

® S-(^-Chlorobenzyl)thiuronium o-chlorobenzoate: cryst. from dioxane, m.p. 159° 
cor. (164). [From C (as NaA or IvA) in aq. with 1 equiv of tS-(p-chlorobenzyl)- 
thiuronium chloride, m.p. 197° (10% in ale.) (164); note that the m.p. of this prod, 
is closely adjacent to that (m.p. 157° cor.) of the corresp. salt of m-chlorobcnzoic acid 
(3:4392).] 

® S-(p-Bromobenzyl)thiuronium o-chlorobenzoate: m.p. 168° cor. (165). [From C 
(as KA or NaA) in aq. with 1 equiv. of > 8 -(p-bromobenzyl)thiuronium bromide (m.p. 
213°) in ale. (165); note that m.p. of this prod, is only slightly higher than that (163° 
cor.) for the corresp. prod, from p-chlorobenzoic acid (3:4940).] 

® o-Chlorobenzamide: cryst. from ale. or ale./ ether, m p. 142.4° cor. (166), 142° (167), 
141® (14), 140.5° (91), 139° (25). [From C by refluxing with AcCH -h (NH 4 ) 2 C 03 
(37-39% yield (167)), from o-chlorobenzoyl chloride (3:6640) with cone. aq. NH 4 OH 
(166) (14) (91) (25), or from ethyl o-chlorobcnzoatc (3:6800) with cone. aq. NH 4 OH 
(25).] — [Note that o-clilorobcnzamide on htg. with AlCb.NaCl (large excess) gives 
(93% yield (168)) o-chlorobenzonitrile [Bcil. 1X-33GJ, m.p. 43-44° (168), 42-^3° 
(169), b.p. 232° (169).] 

® o-Chlorobenzhydrazide: ndls. from ale., m p. 117 118° (170), 109-110° (171). [From 
ethyl o-chlorobenzoate (3:6800) q.v. w’lth hydrazine hydrate (170) (171); for use as 
reagt. for identification of aldehydes and ketones see (170).] 

N-(o-Chlorobenz<>yl) N-phenylhydrazide: unreported. 

® o-Chlorobenzanilide: ndls. from ale. or pet. ether; m p. 114° (172) (173) (174), 117- 
118° (175) (176). — [From o-chlorobenzoyl chloride (3:6040) with excess aniline 
(25) (172) in pres, of a tertiary amine (80% yield (174)); also from o.ximc of o-chloro- 
benzophenone (3:0715) by Beckmann rearr. (175) (173) (176)] — [Note that this 
prod, must not be confused w'lth bcnz-o-chloroanilide, m.p. 99-100°.] 

® o-Chlorobenz-^-toluidide: cryst. from dil ale., m.p. 131° (177). [From o-chloro- 
benzoyl chloride (3:6640) with p-toluidine (177).] 

o-Chlorobenz-a-naphthalide: unreported. 

o-Chlorobenz-d-naphthalide: unreported. 
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M.P. 141-142® (1) 

(For prepn. from 5,8*dichloro-2-aminonaphthalene by htg. with dil. H2SO4 for 8 hrs. 
at 195-^5® under pressure see (1) (2).J 

6,8-Dichloro-2-naphthyl methyl ether: m.p. 74® (2). 

3:4166 (1) Soc. Chem. Ind., Basel, Swiss 202,854, May 1, 1939; Cent. 1939, 11 3196. (2) Gold- 
stein. Viaud, Hdv. Chim. Acta, 27, 883-888 (1944); C.A. 89, 926 (1945). 
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3:4160 2,6-DICHL0R0.3-HyDR0XYB£NZ- OHO C 7 H 402 C 13 BeiL S.N. 746 
ALDEHYDE 


M.P. 143-143.3® (1) 

140.5® cor. (2) (3) 

140® (4) 

Colorless cryst. from hot aq. — C has pronounced sternutatory properties and also 
attacks moist skin producing painful blisters. — [C when mixed with 2-chloro-3-hydroxy- 
benzaldehyde (3:4085), m.p. 139.5® (4), depresses m.p. to 116® (4).] 

[For prepn. of C from ??i-hydroxybenzaldehyde (1 : 0055) with CI 2 (2 moles) in AcOH 
soln. (yields: 51.5% (2) cf. (3), 38% (4)) (1) (other prods, also being formed) see indie, 
refs.; from 2-chloro-3-hydroxybenzaldehydc (3:4085) with CI 2 (1 mole) in AcOH see <4); 
from 6-chloro-3-hydroxybcnzaldehyde (3:3350) with CI 2 (1 mole) in AcOH (C is main 
prod. (5) but 4,6-dichloro-3-hydroxybenzaldehyde (3:3952) is also formed (4) (5)) see 
indie, refs.] 

[For condens. of C with 7 )-chlorophcnol (3:0475) and use of prod, as mothproofing agent 
see < 6 ); for condens. of C with 2,4-dihydroxybenzoic acid (1:0843) (7) or with o-cresotinic 
acid (2-hydroxy-3-methylbenzoic acid) ( 8 ) and use of products as dye intermediates see 
indie, refs ] 

C in 50% aq. KOH at 60-70® first ppis. yel. K salt of C which grad, dissolves and is 
replaced by a colorless cryst. ppt.; after stdg. 4 hrs. acidification with dil. H 2 SO 4 pves 
(93.8% yield (2)) 2,4-dichlorophenol (3:0560), m.p. 42® (2). 

C in AcOH with Br 2 gives (70% yield <3)) 4-bromo-2,6-dichloro-3-hydroxybenzaldehyde, 
cryst. from CeH^j + Igr., mp. 104-105® (3) (methyl ether, m.p. 82®, oxime, m.p. 193® 
cor. (3)). 

C (1 pt.) in AcOH (4 pts.) on nitration with 1 pt. cone. HNO 3 (D = 1.42) at 65® 3 delds 
(4) 2,6-dichloro-3-hydroxy-4-nitrobenzaldehydc, bright yel. ndls. from AcOH or pi. from 
aq , m.p. 80° (4) (Ag salt, crimson ndls. from hot aq.; oxime, deep yel. ndls. from dil. ale., 
m.p. 195°; p-nitrophenylhydrazone, deep red ndls. from hot AcOH, m.p. 279-280® dec.; 
semicarbazone, light-yel. Ifts. from hot ale., m.p. 255-256° (4)). 

C dislvd. in hot aq. NaHCOs and treated with Me 2 S 04 for 15 min. yields (4) (3) the 
corresp. methyl ether, viz., 2,6-dichloro-3-methoxybenzaldehyde, m.p. 103-104® (3), 102® 
(4) (p-nitrophenylhydrazone, old-gold ndls., m.p. 214-215® (4)); this methyl ether upon 
oxidn. with alk. KMn 04 gives (4) 2,6-dichloro-3-methoxybenzoic acid, ndls. from dil. 
ale., m.p. 149.5® (4). 

® 2,6-Dichloro-3-hydroxybenzaldoxime: ndls. from dil. ale., m.p. 174-175® <4). 

(© 2,6-Dichloro-3-hydroxybenzaldehyde ^-nitrophenylhydrazone: deep or.-red. ndls., 
m.p. 205-206® (4). 

3 : 41(10 (1) Bissell, Kranz (to National Aniline and Chem. Co.), U.S. 1,776,803. Sept. 30, 1930; 
Cent, 1081 , I 159; C.A. 24 , 6768-5769 (1930). (2) Lock, Monatsh. 55 , 311 (1930). (3) Lock, 
Monatsh, 02 , 184-186, 193-194 (1933). (4) Hodgson, Beard, J. Chem. Soc. 1026 , 148-149, 
152-153, 165. (5) Hodgson, Beard, J. Chem. Soc. 1926 , 2031, 2034-2035. <6) Weiler, Wenk. 

StStter (to I.G.), Ger. 630,219, July 24, 1931; Cent. 1982 , I 3012. (7) Weiler (to F. Bayer & 
Co.), U.S. 1,532,790, April 7, 1926; Cent. 1925 , II 362. (8) I.G., Brit. 263,879, March 2, 1927 ; 
Cent. 1027 , 1 2364. 
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3:4170 3-CHLORONAPHTHOL.l OH C 10 H 7 OCI 


M.P. 143° (1) 

134-135° <2) 

Ndls. from Igr. (2), CeHe, ale. or 80% AcOH (1) — Volatile with steam (1). 

[For prepn. of C from 3-chloronaphthylaminc-l (1) via diazotization and hydrol3rsi8 
of the diazonium salt with steam see (1); from 2,3,4-trichloronaphthol-l [Beil. VI-613] 
by partial reduction with HI {D = 1.7) in AcOH on boilg 7 hrs. (100% yield) see (2).] 

C is sol. in aq. alk., and the result, soln. couples with solus, of diazonium salts (1). 

C with Br2 aq. (and alk.?) gives 3-chloro-2,4-dibromonaphthol-l, pr. from 90% formic 
acid, m.p. 112° <1). 

[C in 10% aq. KOH shaken with Me2S04 for 20 min. gives (81% yield (2)) 3-chloro- 
naphthol-1 methyl ether, oil, b.p. 162-164° at 18 mm. (2).] 

(p 3-Chloro-l-naphthyl acetate: ndls. from Igr , m p. 69° (2). [From C with acetyl 
chloride in CeHg on refluxing 3 hrs in CgHb (66% yield (2)) ] 

0 3-Chloro-l-naphthyl benzoate: ndls. from Igr., m.p. 118-119° (2). [From C in 10% 
aq. KOH on shaking with BzCl (71% yield (2)).] 

3:4170 (1) Hodgson, Elliott, J. Chem. Soc. 1934 , 1707. (2) Franzen, Stauhle, J prakt. Ckem. 

(2) 108 , 385-387 (1922). 

3:4200 2,6.DICHLOROBENZOIC 
ACID 

M.P. 144° (1) <2) 

143.7° (3) 

143-144° (4) 

141.5-142.5° <5) 

Many recorded m.p.’s lower than these values fcf. Beil. IX-343 and (3)] were on samples 
now known to have been impure. 

Cryst. from Igr. (1) or mixt. of CeHe + Igr. <4> (3); pr. from a(p. this, from Celle, ndls. 
from ale. — Can also be purified by distn. in vac. (1). — Volatile with steam (?). 

[For prepn. of C from 2,6-dichlorotoluene (3:6270) (57% yield (4)) via bromination 
to 2,6-dichlorobcnzyl bromide, conversion to corresp. acetate, and oxidn. of latter with 
KMn04 see (1) (4); from 2,6-dichlorobenzaldehyde by oxidn. with KMn04 see (2); for 
older less satisfactory methods see Beil IX-343.] 

C on htg. begins to lose CO2 at 235° (5) [C htd. with a large excess 50% aq. KOH at 
150 ° for 24 hrs. was recovered unchanged to extent of 90% (9) ] 

C on nitration under stated conditions (1) gives 94% yield 2,6-dichloro-3-nitrobenzoic 
acid, cryst. from toluene, m.p. 152° (1). 

C (as KA) htd. with aniline -f K2CO3 -f Cu in amyl ale. gives small yield of diphenyl- 
aminecarboxylic acid-2, cryst. from CeHe, m.p. 181° (1). [Note loss of both clilorine 
atoms.] 

C htd. with acetamide for 6 hrs. at 225-235° gave 93% 3ricld <5) m-dichlorobenzene 
(3|^5960), b.p. 172°. 

C htd. with PCI 6 (6) or with SOCI2 -H pyridine (4) yields 2,6-dichlorobenzoyl chloride, 
b.p. 142-143° at 21 mm. <6), 126-128° at 18 mm. (7). 


Cl C7H4O2CI2 

ycoon 


Beil. DC - 343 
IXi-(141) 


Cl 



Beil. VI — 
VIi- 
Vl2-(581) 
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Metliyl 2,6-dichlorobenzoate: from AgA + Mel (8); b,p. 250® (8). 

Ethyl 2,6-dichlorobenzoate: from AgA + I^tl (8) or from C via SOCI2, followed 

by EtOH (82% yield (5)); cannot be prepared by direct esterification (8); b.p. 264- 
265® (8). [This ester on htg. with AICI3 at 120-130® for 2]^ hrs. gives EtCl (91%) 
and C (92%) (5).] 

(p 2,6-Dichlorobenzamide : ndls. from ale., m.p. 202® <8), 198® (7). [This amide htd. 
with NaCl.AlCls over free flame evolves HCl and gives (67% yield (5)) 2,6-dichloro- 
benzonitfile, ndls. from Igr., m.p. 142.5-143 5® (5), 143° <9); the nitrile can be re- 
converted to the amide with alk. H2O2 (9).l 

2,6-Dichlorobenzanilide : unrecorded. 

3:4200 (1) Lehmstedt, Schrader, Bar. 70, 1530- 1531 (1937). (2) Davies, J. Chem. Soc. 110, 

873 (1921). (3) Bornwater, Ilollcman, liec. trav. chim. 31, 227, 230(1912). (4) Norris, Bearse, 

J. Am. Chem. Boc. 62, 953-956 (1940). (5) Norris, Klemka, J Am. Chem. Soc. 62, 1432-1435 

(1940). (6) Cohen, Briggs, J Chem. Soc. 83, 1213-1214 (1903). (7) Dilthey, Quint, Heinen, 

J. prakt. Chem. (2) 152, 71 (1939). (8) Reich, BuU. soc. chim. (4) 21, 219 (19179. (9) Ref. 8, 

pp. 222-223. (10) Lock, Bock, Ber. 70, 922 (1937). 


3:4210 


/rans-l,2-DICHLORO-l,2- 

DIPHENYLETHYLENE 

(^raws-a,a'-Dichlorostilbene ; 
^rans-tolane dichloride) 


Cl4HioCl2 

a-.c-<3 


M.P. [153® 

(1)1 

B.P. 316.5° cor. at 767 mm. {20) 

[150® 

(2)) 

183° at 18 mm. <6) 

[148® 

(3)] 


143-144® 

(4) 


143® 

(5) (6) 

(7) (13) 

142.5® 

(8) 


142-143® 

(17) 


140-142® 

m 


141® 

(19) 


130-140® 

(13) 


139.5® 

(10) 


138-139® 

(11) 



Beil. V - 634 
Vi-(304) 

Vjr- 


[See also cis-l,2-dichloro~]j2-<liphenylethylene (3: 1380) .] 

Colorless tbls. from ale.; C is much less sol. in ale. tlian its cis isomer (3: 1380); 100 pts. 
abs. ale. at 24 4° dis. 0.71 pt. C, but soly. of C is diminished by pres, of its stereoisomer 
(10). — C (like its isomer) is very sol. ether. 

Note that C (the liiglicr-mclting tolanc dichloride) has now been shown (4) to have the 
trans configuration, many earlier reports to the contrary notwithstanding. 

Note also that C with l,l,2,2-tetrachloro-l,2-diphenylethane (tolane tetrachloride) 
(3:4496) gives an isomorphous mixt. (2), formerly erroneously regarded as an individual 
cpd. designated as “ ditolane hexachloridc.” 


PREPARATION OF C 

Note that in all processes (below) for prepn. of C more or less of the lower-melting (cm) 
stereoisomer is always formed. 
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From Dinuclear Initial Materials 

From diphenylacetylene (tolane). [For prepn. of C from tolane [Beil. V-656, Vi-(319), 
Vr(568)l with CI2 in CHCI3 see <7).] 

From fran5-l,2-diphenylethylene (stilbene). [For prepn. of C from stilbene (1 : 7250) 
with PCle (2 moles) in POCI3 at 170*^ see (12).] 

From 14>2,2-tetrachloro-l,2-diphenyle^aiie (tolane tetrachloride). [For prepn. of 
C from tolane tetrachloride (3 : 4496) by removal of two adjacent chlorine atoms by use of 
Zn dust in EtOH (1) (6) (7) (10), Zn dust in AmOH (6), Fe powder in boilg. AcOH <14) 
<6) (note that in this method ratio of C to lower m.p. stereomer is 1 :5 (6)), or by use of 
excess cone. (2 N) MeMgCl (11), or with H2 + hydrazine hydrate in MeOH/KOH at 
b.p. for 1)4 hrs. (3) see indie. refs.J 

From benzoin. [For formn. of C from benzoin (1 : 5210) with PCI5 at 0° (much benzoyl- 
phenyl-dichloromethane(“ chlorobenzil [Beil. VII-436, VIIi-(234)l also being formed) 
see (20).] 

From Mononuclear Initial Materials * 

From benzotrichloride. [For prepn. of C from benzotrichloride (3 : 6540) with Cu powder 
(yield of total mixed stereoisomers 68% (15), 23.5% (16) (17)), by action of excess cone. 
(2 N) MeMgCl (yield total mixed stereoisomers 22% (11)), by action of hydrazine hydrate 
-f Pd in MeOH/KOH (35% yield (3)), or for formn of C (together with other products) 
by p3rrolysi8 over hot Pt (18) see indie, refs.] 

F^om benzal (di)chloride. [For formn. of C (together with other prods.) from benzal 
(di)chloride (3:6327) by p3rrolysis over hot Pt see (18).] 

From Miscellaneous Sources 

[For formn. of C from CaC2 with satd. soln. of CI2 in CcHo see (13); from benzoyl-phenyl- 
diazomethane (azibenzil) [Beil. VIIi-(395), XXIV-2081 with oxalyl (di)chloride (3:5060) 
in CeHe (38.5% yield C) see (9); from l,l,2-trichloro-l,2-diphenylethane [Beil. V-601] by 
elimination of HCl with ale. KOH see (19); for formn. of C from its lower-melting stereoiso- 
mer (3:1380) by distn. (about 32% conversion to C (10)) (12) (6) see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

* C on htg. is partially transformed (6) (12) to the lower-melting isomer (3:1380); on 
distn. conversion is about 68% (10). 

Reduction of C. C with cone. HI and red P in s.t. at 170° for 20 hrs. gives (16) (20) 
bibenzyl (1:7149), m.p. 52°. 

Eliniination of 2 chlorine atoms. C with Na/Hg in ale. (1) (16), or C with Zn dust in 
boilg. ale. (7) (10), or C with ale. KOH in s.t. at 180° (12) gives diphenylacetylene (tolane) 
[Beil. V-666, Vi-(319), y2-(568)], m.p. 60°. 

Addn. of halogens. C with CI2 in CeHe soln. yields (13) 1,1, 2, 2-tetrachloro-l, 2-diphenyl- 
ethane (tolane tetrachloride) (3:4496). — C does not (12) add Br2, and the expected 
prod. l,2-dibromo-l,2-dichloro-l,2-diphenylethane is unreported from any other source. 

Nitration of C. The nitration of C has never been studied, and neither mono nor dinitro 
derivs. are reported from any other source. 

3:4210 (1) Zinin, Ber. 4, 288-289 (1871). (2) Marckwald, Karezag, Ber. 40, 2994-2995 (1907). 
(3) Busch, Weber, J. prakt. Chem. (2) 146, 50-52 (1936). (4) Bergmann, J. Chem. Soc. 1030, 

403, 405. (5) Arencla, Ber, 64, 1939 (1931). (6) Blank, Ann. 248, 17-25, 33-34 (1888). (7) 

Liebermanii, Homeyer, Ber. 12, 1973^1974 (1874). (8) Stelling, Z. physik. Chem. B-24, 425 (1934). 
(9) Staudinger, Ber. 40, 1971-1972 (1916). (10) Eiloart, Am. Chem. J. 12, 231-253 (1890). 
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(11) Fuson, Ross, J. Am. Chem. Soc. 55» 723 (1933). (12) Limpricht, Schwanert, Ber. 4, 379 
(1871). (13) Davidson, J. Am. Chem. Soc. 40, 397-399 (1918). (14) Lachowicz, Ber. 17, 1165 
(1884). 05) Reitzenstein, Breuning, J. prakt. Chem. (2) 83, 115-116 (1911). (16) Hanhart, 
Ber. 16, 899-900 (1882). (17) Onufrowicz, Ber. 17, 835 (1884). (18) Loeb, Ber. 36, 3060-3061 
(1903). (19) Sud borough, J. Chem. Soc. 71, 221-222 (1897). (20) Redsko, J. Buss. Phys<!hem. 

Soc. 21, 426 (1889); Ber. 22 (Referate) 760 (1889). 

3:4220 2,3-DICHLOROHYDROQUINONE 

(2,3-DichloroquinoI ; 
o-dichlorohydroquinone ) 

M.P. 144-145® (1) 

144 ® ( 2 ) ( 3 ) ( 5 ) 

143® (4) 

[See also 2,3-dic^ioro6enzoguinon€-l,4 (3:2885).] 

Ndls. from aq. with 2 H 2 O lost at 100® or over cone. H 2 SO 4 ( 1 ); eas. sol. ale., insol. cold 
Igr. ; sublimes. 

[For prepn. of C from hydroquinone (1:1590) in ether with SO 2 CI 2 (1) ( 6 ), in AcOH 
with CI 2 (30% yield (4)) (7) ( 6 ), in ether with EtOCl (3), or in MeOH with CI 2 (9) see 
indie, refs.; from chlorobenzoquinone (3:1100) in ether with HCl gas ( 12 % 5 rield ( 5 )) 
(1) (4) ( 6 ) (yield is small (5), reaction difficult to control (4), sometimes fails ( 8 ) ( 6 )); from 
p-benzoquinone dichloride (2,3-dichlorocyclohexene-5-dione-l,4) [Beil. VlI-573] by reductn. 
with SO 2 (1) ( 6 ) or SnCl 2 + HCl ( 2 ), or with AC 2 O + H 2 SO 4 followed by hydrolysis of the 
resultant diacetate ( 2 ).] 

[For use as antioxidant and gum inhibitor in cracked gasoline see (10); in aq. petroleum 
emulsion as insecticidal oil spray see ( 11 ).] 

C with FeCla gives a greenish black quinhydrone (1) 

C in AcOH with excess Br 2 yields ( 6 ) 4,5-dibromo-2,3-dichlorohydroquinone, golden- 
yel. Ifts. from Igr., m.p. 294® ( 6 ). 

C reduces NH 40 H/AgN 03 and Fehling’s soln. ( 1 ); C on oxidn. with Mn 02 -f dil. H 2 SO 4 
( 1 ) (4) (5) or with CrOa/AcOH (7) gives (yields: 88 % (4), 60% Jl)) 2,3-dichlorobenzo- 
quinone (3:2885) q.v. [For study of oxidn.-reductn. potential of C see (4).] 

© 2,3-Dichlorohydroquinone diacetate: colorless ndls. from dil. ale., m p. 121® ( 6 ) (2). 
[From C -f AC 2 O ( 6 ), or from p-benzoquinone dichloride (see above) with AC 2 O + 
H 2 SO 4 , ( 2 ).] 

® 2,3-Dichlorohydroquinone dibenzoate: colorless cryst. from CS 2 or pet. ether, m.p. 
173-174° (1). [From C in dil. aq. alk. with BzCl ( 1 ).] 

© 2,3-Dichlorohydroquinone dimethyl ether: pinkish white ndls. from dil. ale,, m.p. 
124® ( 6 ). [From C in dil. alk. with Me 2 »S 04 ( 6 ) ] [Note that corresp. deriv. of 2,5- 
dichlorohydroquinone (3:4690) has m.p. 125-127° but that a mixt. of the two derivs. 
is depressed to m.p, 97° ( 6 ).] 

3:4220 (l) Peratoiier, Genco, Gazz. chim. ital. 24, II 375-396 (1894). (2) Dimroth, Eber, Wehr, 

Ann. 446, 141, 144 (1926). (3) Goldschmidt, Endres, Dirsch, Ber. SB, 576 (1925). (4) Conant, 

Fieser, J. Am. Chem. Soc. 46, 2204-2205 (1923). (5) Oliveri-Tortorici, Gazz. chim. itai. 27, II 
584-585 (1897). (6) Gebauer-Fiilnegg, Malnic, Monatsh. 47, 403-404 (1926). (7) Eckert, 

Endler, J. prakt. Chem. (2) 104, 82 (1922). (8) Den Hollander, Rec. trav. chim. 481-482 

(1920). (9) Plazek, Roezniki Chem. 10, 761-776 (1930); CerU. 1931, 1 1428; C.A. 26, 1504 (1931). 
(10) Clarke, Towne (to Texas Co.), U.S. 2,023,871. Dec. 10, 1935; Cent. 1936, I 2671; C.A. 30, 
851 (1936). 


C6H4O2CI2 


Beil. VI - 840 
. VIi- 
Vl2-(845) 
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(11) Yates (to SheU Development Co.), U.S. 1,778,240, Oct. 14, 1930; Cent. H»S1, I 2799; 
C.A. 24, 5928 (1930). 


3:4260 o-CHLOROPHENOXYACETIC CsHtOsCI 

acid j/^^j^.CH2.C00H 

MJ>. 147.2-147.7'’ cor. (4) 

145-146° (1) (2) (3) Neut. Eq. 186.5 

Wh. ndls. (from hot aq.)- prepn. from o-chlorophenol (3:5980) by htg. with 

chloroacetic ac. (3:1370) and aq alk see (1) (2) (3) ] 

C refluxed with P^- thionyl chloride for 1^4 hrs gives (90% yield {!)) o-chloro- 
phenoxyacetyl chloride, b p. 130° at 12 mm., m p. 18 4° (1) 

The methyl ester (b.p. ISO-ISS"*) and the ethyl ester, ndLs. (from ale.), m.p. 32°, have 
been prepd. from the acid chloride <1) (5). 

, O'Chlorophenoxyacetamide : from the acid chloride by treatment with excess (NH4)2C03; 
ndls. readily sol. in hot aq., ale., or CeHe, m.p. 149 5° (1). 

o-Chlorophenoxyacetanilide : from the acid chloride by action of aniline (2 moles) in 
CeHe; ndls. (from ale.), m.p. 121° (1). 

3:4260 (l) Minton, Stephen, J Chcrti. Soc. 121, 1599-1601 (1922). (2) Bohaghcl, /. 'fyrakt. 
Chem. 114, 297-298 (1926). (3) Koclsoh, Am. Chem. Soc. 53, 304-305 (1931) (4) Hayes, 
Branch. J, Am. Chem. Soc. 65, 1555-1564 (1943). (5) Bacher, Raiford, Ptoc, Iowa Acad. Sci. 

50, 247-251 (1943); C.A. 38, 2327 (1944). 


Beil. VI — 
VIi- 
Vl2-(173) 


3 ; 4263 4- (/^-CHLOROPHENYL) PHENOL C12H9OCI 

(4'-Chloro-4-hydroxybiphenyl) 

M.P. 146-147° (1) 

145.5-146° (3) 

145-146° (2) 



Beil. VI — 
VIi- 
Vl2-(625) 


[C is best prepd (nearly quant, yield (2)) by alk. hydrolysis of its acetate (see below) 
or by similar treatment (67% yield (3)) of its benzoate (see below) or (39% yield (3)) of 
its benzenesulfonate (see below); for formn. of C from 4-araino-l:'-hydroxybiphenyl by 
diazotization, etc., see (1); from 4'-chloro-4-aminobiphenyl (2) by diazotization and hy- 
drolysis see (2).] 

C on chlorination with CI2 in CCI4 soln. gives (92% yield (4)) 2-chloro-4-(p-chloro- 
phenyl) phenol, m.p, 71-72° (corresp. acetate, m.p. 74.5-75°; corresp benzoate, m.p 125- 
126°; corresp. benzenesulfonate, m.p. 100-101°) (4). 

® 4-(^-Chlorophenyl)phenyl acetate: m.p. 113° <2) [From C by acetylation, or from 
the acetate of 4-hydroxy biphenyl (1 : 1585) wdth CI2 in CCI4 + trace of I2 (47% yield 
<2)) or similarly in AcOH (5).] [Note that the m.p. of this prod, has also been given 
without details of prepn. as 72° (6).J 

(© 4-(^-Chlorophenyl)phenyl benzoate: m.p. 182° <3). [From C by benzoylation or 
from the benzoate of 4-hydroxybiphenyl (1 : 1585) with CI2 in CCI4 soln. -f trace of I2 
(56% yield (3)).] 

® 4-(^-Chlorophenyl)phenyl benzenesulfonate: m.p. 74-75° <3). [From C with 
benzenesulfonyl chloride + aq. 10% NaOH <3), or from the benzenesulfonate ester 
of 4-hydroxybiphenyl (1:1585) with CI2 in CCI4 soln. -f trace I2 (21% yield {3)).J 
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3:4262 (1) Angeletti, Gatti, Gazz. chim. ital. 58, 633 (1928). ( 2 ) Savoy, Abernathy, J. Am. 
Chem. Soc. 64, 2219-2221 (1942). (3) Savoy, Abernathy, J. Am. Chem. Soc. 64, 2719-2720 

(1942). (4) Savoy, Abernathy, J. Am. Ghem. Soc. 65, 1464-1465 (1943). (5) Schmidt, Savoy, 

Abernathy, J. Am. Chem. Soc. 65, 296-297 (1943). ( 6 ) Hodgson, J. Chem. Soc. 1942, 583. 


3 : 4365 ^-CHLOROPHENYLPROPIOLIC CtfH502Cl 

Cl<( )>— feC— COOH 

M.P. 147“ <1) 


Beil. S.N. 950 


Cryst. from AcOH. 

[For prepn. of C from p-chlorobenzaldehyde (3:0765) by conversion through p-chloro- 
cinnamic acid to ethyl p-chlorocinnamate, thence by addn. of Br-j to give ethyl /3-(p- 
chlorophenyl)-a,/i{-dibromopropionate, followed by elimination of 2 HBr and saponification 
(or vice versa) with ale. KOH, and final acidification (yield not stated), see (1 ) ] 

C with Cu(OAc )2 loses CO 2 yielding (1) p-chlorophenylacetylene (3:0590) (cf. also 
under o-chlorophcnylpropiolic acid (3:3956)) 

3:4265 (1) Wilson, Wenzke, J. Am. Chem. Soc. 57, 1265-1267 (1935). 


3:4370 4,4'-DICHLOROBENZOPHENONE 

(Di-p-chlorophenyl ketone) 



Beil. VII - 430 
VIIi.(338) 


M.P. 148® 

147.75® 

147® 

146.5-147.5° cor. 
146° 

145° 

144-145° 

144.5° 

144° 

143-143° 


( 1 ) 

< 2 > ( 20 ) 
(19) 

(40) 

(3) (37) 

(4) (5) (6) 
(7) (8) (16) 
(9) (10) 

(11) (14) 

( 12 ) 

(13) (22) 


B.P. 353° at 767 mm. (2) 
343° at 38 mm. (15) 


Colorless Ifts from ale ; eas sol ether, acetone, AcOH, CHCI 3 , CS 2 . — [For f.p./compn. 
data on systems C -f benzophenone (1 :5150) and C + diphenylamine see (12).] 

[For prepn. of C from p-chlorobenzoie acid (3:4940) + chlorobenzene (3:7903) + AICI 3 
(82% yield (1)) or from p-chlorobcnzoyl chloride (3 '6550) -h chlorobenzene (3:7903) + 
AICI 3 in CS 2 m direct sunlight (yields: 90% (17), 75-80% (2), 36% (9)) (37) (some isomeric 
2,4'-dichlorobenzophcnone (3: 1565) also being formed) see indie, refs.; from chlorobenzene 
(3:7903) + AICI 3 -r CO 2 at 80-150° and 10 atm. press, (p-chlorobenzoic acid is main 
prod.) see (18); from p-chlorophenyl MgCl -f- C ()2 (together with p-chlorobenzoic acid) 
see (8).] 

[For prepn. of C from dichloro-6is-(p-chlorophenyl)methane (4,4'-dichlorobenzophenone 
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dichloride) (see below) by hydrolysis with boilg. dil. ale. (14) or cone. H2SO4 (14) (15) (6) 

(19) see indie, refs.; from tetra-(p-chlorophenyl)ethylene glycol (see below) on fusion or 
on boilg. with AcOH sec (20); from 4,4'-dibromobenzophenone with PCU at 160® see (21); 
from 4,4^-dichloro-3-nitrobenzophenone (see below) via reduction to amine, diazotization, 
and treatment with SnCl2 + NaOH see (2).] 

[For formn. of C by oxidation with CrOa/AcOH of 4,4'-dichlorobenzilic acid (2), of 
6M-(p-chlorophenyl)methane (7), of ^rw-(p-chlorophenyl)methane (16), of 1,1,4,4-tetra- 
(p-chlorophenyl)butyne-2 (91% yield (4)), or of l,l,4,4-tetra-(p-chlorophenyl)butatriene“ 

l, 2,3 (94% yield (5)) see indie, refs.; from oxidn. of /3,j8-di-(p-chlorophenyl)propionic acid 
with aq. KMn04 see (10); from 2,2-dimethyl-5,5-6i8-(p-chlorophenyl)pentanone-3 [a- 
(p,p'-dichlorobenzohydryl)pinacolone] by oxidn. with alk. KMn04 see (22); from /3,/3-di- 
(p-chlorophenyl)propiophenone by oxidn. with aq. KMn04 in NaOH + pyridine soln. 
see (13); from 6is-(p-chlorophenyl)methyleneacetophenone with KMn04 in acetone 
(71% yield) see (3) ] 

[For formn. of C from l,l-di-(p-chlorophenyl)ethane (3:0995) (39), from l-chloro-2,2- 
6is-(p-chlorophenyl)ethylene (3:1430) (84% yield (40)), or from l,l-fiichloro-2,2-6is- 
(p-chlorophenyl)ethylene (3:2438) (40), all by oxidn. with CrOs/AcOH, see indie, refs.] 

[C on reduction with 3% Na/Hg in 90% ale. (20), with Al/Hg in 80% ale. (6) (11), 
with Zn dust + AcOH on boilg. (20), with Zn dust + ale. KOH (20) or NaOH (23), or 
simply with boilg. ale. KOH (24) gives (yields: 100% (23), 96% (0) (11)) di-(p-chloro- 
phenyl)carbinol (4,4'-dichlorobenzhydrol) [Beil. VI-680, VIi-(327)], cryst. from ale., 

m. p. 94® (20), 93® (24), 91.5® (23), 89-90® (6) (11) (corresp. 3,5-dmitrob( nzoate, m.p. 
174-176® (41)); note that in some cases this main prod, is accompanied by tetra-(/?-chloro- 
phenyl)ethyIeno glycol (see below). — C on reduction with Zn dust 4- AcOH -|- dil. 
H2SO4 (25), or in ale. in bright sunlight for 5 days (20) cf (26), gives (85% yield (20)) 
tetra-(p-chlorophcnyl)ethylene glycol [Beil. VI-1058, VIi-(523)], m p. 180® (6) (11), 175® 

(20) (accompanied by smaller amts, of other prods.) ] 

[C with sodium phenylacetylene in dry ether gives (57% yield (3)) fczs-(p-chlorophenyl)- 
ethynyl-carbinol, m.p. 163-164° (3); C with diphcnylmethyl sodium gives (27) bts-{p-chlo~ 
rophenyl)-diphenyImethyl-carbinol, m.p. 183-184° (27); C with MeMgl in dry ether gives 
(39) (19) not only some 6iV(p-chlorophenyl)-methyl-carbinol, m.p. 67.0-68 5® (39), but 
also(68% yield (19)), by loss of H20,wn^w.-di-(7>chlorophenyl)ethylene, m.p.91°(3:2475); 
C with ^-(diphenylvinyl)MgBr gives (12% yield (28)) l,l-di-(/>-chlorophenyl)-3,3-di- 
phenylpropen-2-ol-l, m.p. 85®, which on htg. at 130-150® loses H2O yielding 1,1-di- 
(p-chlorophenyl)-3,3-diphenylpropadiene-l,2, m.p. 93-95° (28); 0 with ethyl bromoacetate 
4- Zn in CeHe gives (30% yield (28) ethyl ^,/8-di-(p-chlorophenyl)-^-hydroxypropionate, 
m.p. 102® (28).] 

[C with PCI5 at 150® gives (17) (15) (29) dichloro-di-(p-chlorophenyl)methane (4,4'- 
dichlorobenzophenone dichloride), m.p. 52-53® (15), 52.6® (17).] 

[C on fusion with NaOH yields (7) chlorobenzene (3:7903) 4- p-chlorobenzoic acid 
(3:4940). — 0 with 10% aq. NaOH in pres, of Cu 6 hrs. at 190® under press, yields (30) 
4,4'-dihydroxybenzophenone [Beil. VIII-317, VIIIi-(641)J, m.p. 214® (30).] 

[C with hydrazine hydrate in isopropyl ale. in s.t. at 150-160° for 7 hrs. gives (56% 
yield (42)) 4,4'-<iichlorobenzophenone hydrazonc, m.p. 91-93®, which on Wolff-Kishner 
reduction gives (21% yield (42)) 4,4'-dichlorodiphenylmethane (3:1057).] 

[C with aq. NH4OH in pres, of CuO 4- NH4NO8 4- KClOs under press, at 180® (1) cf. 
(31) gives (92% jrield (1)) 4,4'-diaminobenzophenone [Beil. XIV-88, XIVi-(391)], m.p. 
245-246° (1), 242.6® (31); some half reactn. prod., viz., 4-amino-4'-chlorobenzophenone, 
m.p. 185® (1), is also formed. — For similar reactn. of C with diethylamine leading to 4- 
chloro-4'-diethylaminobenzophenone see (32). — For reactn. of G with iV-methyl-a- 
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phenylindole and use in prepn. of dyes see {33); with ethylbutyl-m^toluidine see (34); 
with aminoanthraquinone derivs. see (35) (36).] 

[C on nitration with 10 wt. pts. fumg. HNO 3 (D = 1.47) in cold (37) or with 5 pts. 
abs. HNO 3 at 0 ° ( 2 ) gives (81% yield (37)) 4,4^-dichloro-3,3'-dinitrobenzophenone, cryst. 
from AcOH, m.p. 132.6° ( 2 ), 132-133° (38), 120° (37); C on trinitration at 130° with 1.8 
wt. pts. cone. H 2 SO 4 contg. 2 pts. KNO 3 gives (37) 4,4'-dichloro-3,3',5-trinitrobenzophe- 
none, cryst. from AcOH, m.p. 140° (37); C on tetranitration with 10 pts. fumg. H 2 SO 4 + 
1 pt. KNO 3 at 150° gives (37) 4,4'-dichloro-3,3',6,6'-tetranitrobenzophenone, cryst. from 
AcOH, m.p. 202 ° (37).] [A mono-nitmied C, viz., 4,4'-dichloro-3-mtrobenzophenone. 
ndls. from ale., m.p. 87° (2), 88-89° (38) has been obtd. indirectly.] 

® 4,4'-Dichlorobenzophenone oxime: ndls. from ale., m.p. 136-136.5° (1), 136° (7), 
136° ( 8 ) (9), 134° (5). [From C with excess NH2OH in ale. at 100° (9).] (This prod, 
by Beckmann rcarr. with cone. H2SO4 yields p-chlorobenz-p-chloroanilide, m.p. 213- 
213.5° (1).] 

4,4'-Dichlorobenzophenone phenylhydrazone: not reported. 

4,4'-Dichlorobenzophenone p-nitrophenylhydrazone: not reported. 

4,4^-Dichlorobenzophenone 2,4-dmitrophenylhy(lrazone: m.p. 238-240° (40). 

3:4270 (1) Newton, Groggins, Ind. Eng. Chem. 27 , 1397-1399 (1935). (2) Montagne, Ree. 
trav. 24-29 (1902). (3) Meyer, Schuster, Ber. 55, 822-823 (1922). (4) Brand, Horn, 

Bausch, Tpraki. Chem. (2) 127 , 246-247 (1930). (6) Brand, Bausch, J. prakt. Chem. (2) 127 , 
235-236 (1930). (6) Cohen, Boeseken, Rec. trav. chim. 38 , 115-116, 123 (1919). ( 7 ) Stephen, 
Short, Gladding, J. Chem. Soc. 117 , 523 (1920). (8) Bodroux, BuU. sac. chim. (3) 31 , 29 (1904). 
(9) Dittrich, Ann. 264 , 175-178 (1891). (10) Fuson, Kozacik, Eaton, J. Am. Chem. Soc. 55 , 
3803 (1933). 

(11) Boeseken, Cohen, Cent. 1915 , 1375-1376. (12) Schaum, Rosenberger, Z. anorg. aUgem. 
Chem. 136 , 335-336 (1924). (13) Eaton, Black, Fuson, J. Am Chem. Soc. 56 , 688 (1934). (14) 
Norris, Green, Am. Chem. J. 26 , 496-497 (1901). (15) Norris, Twieg, Am. Chem. J, 30 , 398 
(1903). (16) Fischer, Hess, Ber. 38 , 337-338 (1905). (17) Montagne, Rec. trav. chim. 25 , 384 , 
389 (1906). (18) I.G., Brit. 307,223, March 28, 1929; Cent. 1929 , 1 3145; Meyer, HopfF (to I.G.), 
Ger. 524,186, May 11, 1931; Cent. 1931 , II 497. (19) Bergmann, Bondi, Ber. 64 , 1469-1470 
(1931). (20) Montagne, Rec. trav. chim. 24 , 114-120 (1905). 

( 21 ) Cone, Robinson, Ber. 40 , 2160-2161 (1907). (22) Weinstock, Fuson, J. Am. Chem. Soc. 
56 , 1242 (1934). (23) Norris, Tibbetts, J. Am. Chem. Soc. 42 , 2091 (1920). (24) Montagne, 
Moll van Charante, Rec. trav. chim. 31 , 313-314 (1912). (25) Montagne, Rec. trav, chim. 25 , 
411-414 (1906). (26) Cohen, Boeseken, Rec. trav. chim. 39 , 258 (1920). (27) Bergmann, J. 
Chem. Soc. 1936 , 412-413. (28) Bergmann, Hoffmann, Meyer, J. prakt. Chem. 135 , 255, 261 
(1932). (29) Schonberg, Schutz, Ber. 62 , 2331 (1929). (30) Britton (to Dow Chem. Co.), 
U.S. 1,961,630, June 5, 1934; Cent. 1934 , II 1846; C.A. 28 , 4744 (1934). 

(31) Britton, Bryner (to Dow Chem. Co.), U.S. 1,946,058, Feb. 6, 1934: Cent. 1934 , I 3396; 
C.A 28, 2364 (1934). (32) Plammond, Harris (to Heyden Chem. Co.), U.S. 2,223,517, Dec. 3, 
1940, C.A. 35 , 1808 (1941). (33) Wolff (to IG.), Brit. 417,014, Oct. 25, 1934; Ger. 604,429, 
Oct. 20, 1934; French 761,372, March 17, 1934; Swiss 170,094, Sept. 11, 1934; Cent. 1935 , I 
801. (34) Wolff, Werner (to I.G.), Ger. 606,642, Dec. 3, 1934; CerU. 1935 , 1 1621. (35) B.A.S.F., 
Ger. 220,579, April 5, 1910; Cent. 1910 , I 1471. (36) Kranzlein, Vollmann, Boedeker, Ger. 
574,966, April 21, 1933; Cent. 1933 , 1 4046. (37) Consonno, Oazz. chim. ital. 34 , 1 376-377 (1904). 
(38) Maron, Fox, Ber. 47 , 2781 (1914). (39) Grummitt, Buck, Becker, /. Am. Chem. Soc. 67 . 
2266 (1945). (40) Haller, Bartlett, Drake, Newman, CJristol, Magerlein, Mueller, Schneider, 
J. Am. Chem. Soc. 67 , 1599, 1602 (1945). 

(41) Grummitt, Buck, J. Am. Chem. Soc. 67 , 693-694 (1945). (42) Grummitt, Jenkins, 
J. Am. Chem. Soc. 68, 914 (1946). 
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3:4280 2-CHLORO-4-Hn)ROXYBENZ- CtHACI Befl. Vm - 81 

ALDEHYDE H0< ^ ^ HO VHIi— 

^ Cl 

M.P. 147-148° (1) 

146.5° (2) 

Colorless ndls. from AcOH (1) or aq. (2). — Volatile with steam but much less so than 
the isomeric 4-chloro-2-hydroxybenzaldehyde (3:0960) (1). 

[For prepn. of C from m-chlorophcnol (3:0255) via Rcimer-Ticmann reactn. see (1); 
via anhyd. HCN + AICI3 + CeHc (50% yield) see <2); for prepn. (aim. 100% yield {!)) 
from 2-chloro-4-nitrotoluene via 2-chloro-4-aminotoluene and subsecjuent diazo reactn. 
see (1).] 

C does not reduce NH40n/AgN03 or Fehling soln. (1). 

C with aq. FeCls gives only a slight ppt. [dif from 4-chloro-2-hydroxybenzaldehyde 
(3:0960)]; the copper and chromium salts are lighter green in color than those from that 
isomer {!). 

C on mononitration as specified (3) yields 5-nitro-2-chloro-4-hydroxybenzaldehyde, vol. 
with steam, colorless ndls. from ale , m.p. 125° (3). [This product yields a phenylhydrazone, 
silky dark purple ndls. from ale., m.p. 166° si. dec ; a p-nitrophenylhydrazone, deep or. 
ndls. from AcOH, m.p. 266° dec.; and a scmicarbazone, light or. ndls from dil. AcOH, 
m.p. 266° dec. (3).] 

C on dinitration as specified (3) yields 3,5-dinitro-2-chloro-4-hydroxybenzaldehyde, 
not volatile with steam, pale yel. massive pr. from aq , m.p. 93° (3). [This product yields 
a phenylhydrazone, br.-purjilc ndls from ale., m.p. 210° dec.; a p-nitrophenylhydrazone, 
red-br. ndls. from dil. AcOH, m.p. 267° dec.; and a semicarbazonc. It. br. ndls. from dil. 
AcOH, m.p. 192° dec (3).] 

(© 2-Cliloro-4-hydroxybenzaldoxime : cryst. from ale., mp 194° (2). 

2-Chloro-4-hydroxybenzaldehyde phenylhydrazone: unrecorded. 

(© 2-Chloro-4-hydroxybenzaldehyde ^-nitrophenylhydrazone: dark red pi. from ale. or 
vermilion red cryst. from AcOH, m.p. 288° dec. (1). 

2-Chloro-4-hydroxybenzaldehyde 2)4-dinitrophenylhydrazone : unrecorded. 

(© 2-Chloro-4-hydroxybenzaldehyde semicarbazone: yel cryst. from ale , m.p. 214° 

( 1 ). 

2-Chloro-4-acetoxybenzaldehyde : colorless ndls. from dil AcOH, m.p 51 5° (1). 

(P 2-Chloro-4-benzoxybenzaldehyde : colorless ndls. from ale, m.p. 96 5° (1). [Note 
that this (g) does not give good distinction from isomeric 4-chloro-2-hydroxybenz- 
aldehyde (3:0960) whose corresponding benzoate has m.p 98.5° (1).] 

3:4280 (1) Hodgson, Jenkinson, .7. Chem Soc. 1927, 1740-1742. (2) Gattermann, Ann. 357, 

334 (1907). (3) Hodgson, Jenkinson, J. Chem. Soc 1928, 2274- 2275. 


3:4300 4,4'.DICHLOROBIPHENyL C^HsCla 

M.P. 148-149° cor. {!) <2) B.P. 315-319° (13) 

147.5- 148.5° (3) 315° (15) (17) 

148° (4) (5) (6) (7) 

(8) (15) (17) 

147-148° (9) (10) (18) 

146.5- 147° (11) 

144-145° (12) 


Beil. V - 579 
V,-(373) 
V2-(484) 
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Colorless cryst. from toluene + It. pet. (2), from 50% AcOH <14), or from ale. (11). 

[For prepn. of C from 4,4'-diaminobiphenyl (benzidine) (Beil. XIII-214, XIIIi-(58)] 
via tetrazotization and use of Cu powder (9), CU2CI2 (3), or HgCb complex (82% yield 
(10)), see indie, refs. ; from biphenyl (1 : 7175) in AcOH with CI2 (41 % yield (2)) (convenient 
for prepn. small amts. C) see (2); from 4,4'-dinitrobiphenyl with SOCI2 in s.t. for 10 hrs. 
at 200-210° see (7); from p-chloroiodobenzene [Beil. V-221, Vi-(119)] with Cu powder at 
200-250° (82% yield) see (15).] 

[For formn. of C from chlorobenzene (3:7903) by pjrrolysis see (16) (12) (for discussion 
of formn. during mfg. of phenol from chlorobenzene see (19)); from biphenyl (1:7175) 
with CI2 in pres, of SbCls (17) or I2 (13) see indie, refs.; from 4,4^-diliydroxybiphenyl 
(1:1640) with PClg see (13); from 4,4'-dichlorobiphenyl-3,3'-dicarboxylic acid on htg. 
see (18); from 4,4'-dichloro-3,3'-diaminobiphenyi via tetrazotization and htg. with ale. 
see (14); from decompn. of bis- (p-chlorobenzoyl) peroxide on htg. see (6) ] 

[For manuf of C or mixts. of diehlorobiphenyls contg. C from biphenyl with CI2 see 
(20) (21) (22) (23); for use as insecticide see (24) ] 

[C htd. under press with cone. aq. NH4OII in pres, of CU2CI2 and Ca(OH)2 gives (99.5% 
yield (25)) 4,4'-diaminobiphenyl (benzidine); C with aq. over Cu + silica gel at 525-600° 
gives (26) 4,4'-dihydrox'ybiphenyl (1 :164()) ] 

C on mononitration in 15 pts. AcOH with 10 pts. HNO3 (D = 1.46) at 100° for ^ hr. 
(2), or in nitrobenzene aoln. with HNO3 (D = I 52) as directed (2), gives aim. quant, 
yield of 4,4'-dichloro-2-nitrobiphenyI, cryst from ale or CCI4, m.p. 102° (2) (27). [This 
prod, does not react with piperidine (27) ] 

C on dinitration by soln in 7)4 pb* HNO3 (D — 1.52) in an ice bath gives (2) mixt. 
contg. 81.3% 4,4'-dichloro-2,3'-diTiitrobiphenyl and 18.7% 4,4'-dichloro-2,2'-dinitro- 
biphenyl. By recryst. from AcOII 4,4'-dichloro-2,3'-dinitrobiphenyl is obtd in ndls., 
m p. 141-142° (2), 140° (28), which on warming with piperidine for a few seconds yields 
(28) 4-chloro-4'-pip(‘ridino-2,3'-dinitrobiphenyl, or ndls from ale., m p. 132° (28) (note 
that the principal dinitration prod, of C is the 2,.3'-dinitro-C and not the 2,2'-isomer as 
formerly (29) supposed). — From the mother liq. of the above dinitration may be obtd. 
(2) the true 4,4'-dichloro-2,2'-dinitrobiphcnyI, m.p 138-139° (2); this does not react with 
piperidine 

C on trinitration with 10 pts. HNO3 {D = 1.52) for 2 hrs. at 100° gives (2) (30) 4,4'- 
dichloro-2,3',5'-trinitrobiphcnyl, ndls. from AcOH, m.p. 166-167° (2), 164-165° (30); this 
prod, warmed with piperidine gives 4-chloro-4'-piperidino-2,3',5'-trinitrobiphenyl, crimson 
pr. from AcOH, m.p. 182° (2). 

C on oxidn. with CrOa in AcOH yields (13) p-chlorobenzoic acid (3:4940), m.p. 237° 
(13). 

3:4300 ( 1 ) Williamson, Rodebiish, J. Am. Chem. Soc. 63, 3019 (1941). (2) Shaw, Turner, 

J. Chem. Soc. 1933, 288-289, 294-296. (3) Brctscher, Helv. Phys. Acta 1, 358 (1928). (4) 

Griess, J. Chem. Soc. 30, 101 (1867). (5) Mieleitrier, Z. Krist. 56, 66 (1920). (6) Fichter, Adler, 

Helv. Chim. Acta 9, 285 (1926). (7) Mascarclh, Gatti, Gazz. chim. ited. 59, 870 (1929). (8) 

Brtill, Gazz. chim. %tal. 65, 24 (1935). (9) Weissberger, Williams, Z. physik. Chem. B-^8, 309 
(1929). (10) Schweehten. Ber. 66, 1607 (1932). 

( 11 ) Pickett, Walter, France, J. Am. Chem. Soc. 58, 2296 (1936). (12) Meyer, Hofmann, 

Monatah. 38, 143 (1917). (13) Schmidt, Schultz, Ann. 307, 338-344 (1881). (14) Hodgson, 
Holt, J. Chem. Soc. 1934, 1432. (15) Ullraann, Ann. 333, 54-55 (1904). (16) Kramers, Ann. 

189, 137-140 (1877). (17) Kramers, Ann. 189, 142-145 (1877). (18) Schultz, Rohde, Vicari, 

Ann. 353, 130 (1907). (19) Hale, Britton, Ind Eng. Chem 30, 122 (1923). (20) Malowan 

(to Swann Research, Inc.), U.S. 1,951,577, March 20, 1934; Cent 1934, II 3183; C.A. 38, 3427 
(1934). 

(21) Federal Phosphorus Co, French 703,216, April 27, 1931, Cent. 1931, II 1636. (22) 

Britton, Stoesser (to Dow Chem. Co.), U.S. 1,835,754, Dec. 8, 1931; Cent. 1933, I 1440. (23) 

Prahl, Mathes (to F. Raschig), Ger. 580,512, July 13, 1933; Cent. 1933, II 1763. (24) I.G., 
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Gor. 613,775, Dec. 2, 1930; Cent. 1981, I 1965. (25) Booth (to Swann Research, Inc.), U.S. 

1,964,469, April 10, 1934; Cmt. 1934, II 1846; C.A. 28, 3744 (1934), Federal Phosphorus Co., 
Brit. 370,774, May 4, 1932; Cent. 1932, II 1237. (26) Booth (to Swann Research, Inc.), U.S. 

1,925,367, Sept. 5, 1933, Cent. 1984, 1 128; C.A. 27, 6342 (1933). (27) LoFeMe, Turner, J. 

Chem. Soc. 1926, 2045. (28) Dennett, Turner, J. Chem. Soc. 1926, 477, 479-480. (29) Borsche, 

Scholten, Ber. 50, 609 (1917). (30) Vernon, Rebernak, Ruwe, J. Am. Chem. Soc. 64, 4460- 

4457 (1932). 


3:4315 6,7-DICHLORONAPHTHOL-l 


M.P. 151° (1) (2) 

149-150® (3) 



CioH60Cl2 


Beil. VI -613 
VIi- 

Vl2- 


Cryst from CHCI3 (3). 

[For prepn. from /3- (3, 4-dichlorobenzal) propionic ac [Beil. IX-614] by distn. see (1) 
(2) (3); C is sepd. from the smaller proportion of 7,8-dichloronaphthol-l (3:2635) by the 
greater soly. of the latter in Igr. (3).] 

C on oxidn. with K2Cr207 + dil. H2SO4 3delds (3) 4,5-dichlorophthahc ac (3:4890), 
which during m.p. dctn. is converted to 4,5-dicblorophthalic anhydride (3:4830), m.p. 
18^185® (3). 

C in alk. soln. coupled with diazotized naphthionic acid (1-aminonaphthalenesulfonic 
acid-4) gives a deep red-bluish color which upon acidification becomes dark yellow (3). 
[Dif . from 7,8-dichloronaphthol-l (3 : 2635) q.v.] 

® 6)7-Dichloro-l-naphthyl acetate: ndls. from dil. ale., or compact pr. from CHCI3 
Igr., m.p. 102-103® (3). 

3:4315 (1) Armstrong, Wynne, Chem. News 71, 263 (1896). (2) Armstrong, Wynne, Proc. 

Chem. Soc. 11, 78-79 (1895); Ber. 29, Referate, 223-224 (1896). (3) Erdmann, Schweehten, 

Ann. 276, 286-288 (1893). 


3:4325 3,3-DICHLORO-2,2- Q CH3 C8H12CI2 

DIMETHYLBUTANE cHr-i—i-CH, 

(k (liH, 

M.P. 151-152® (1) 


Beil. I - 150 

11- 

12- (113) 


Colorless cryst. subliming readily even at ord. temp. 

[For prepn of C from ter-butyl methyl ketone (pinacolone) (1 : 5425) with PCls at 
0-5® (1) (2) (3) (4) (5) (6) (7) (9) see indie, refs Note that C (by loss of HCl) is always 
accompanied by more or less 3-chloro-2,2-dimethylbutene-3 (3 : 7340) and other prods.] 

C on htg. with phenol + KOAc yields (8) 3-chloro-2,2-dimethylbutene-3 (3:7340). 

C on htg. at 150-230° with powdered KOH (moistened with ale.) gives (65% yield (6)) 
(9) (2) <er-butylacetylene [Beil. 1-256], b.p. 37.8® at 760 mm., = 0.6683, ^ 1.37257 

(6); note that use of NaOH instead of KOH gives by loss of 1 HCl only 3-chloro-2,2-di- 
methylbutene-3 (3:7340) and no <er-butylacetylene (9). 

3:4325 (1) Bartlett, Rosen, J. Am. Chem. Soc. 64, 544 (1942). (2) Delacre, BvU. soc. chim. 
(3) 85, 343-344 (1906). (3) Favorskii, J. Russ. Phys.-Chem. Soc. 19, 426 (1887) ; Ber. 20, Referate 

781 (1887). (4) Delacre, BuU. aead. roy. Bely. 1906, 7-41; Cent. 1906, 1 1233-1234. (5) Delacre, 

Cent. 1906, II 496. (6) Ivitzky, BuU. soc. chim. (4) 36, 367-358 (1924) . (7) Meerwein, Wortman, 

Ann. 435, 201, Note 4 (1924). (8) Meerwein, Wortman, Ann. 4^, 194, Note 1 (1924). (9) 

de Graef, BvU. soc. chim. Bdg. 34, 428-429 (1925). 



SOLIDS 


3:4330-3:4335 


COOH 

3:4330 2-CHLORONAPHTHOIC ACID-1 C 11 H 7 O 2 CI Bea.IX.651 

UJ 

M.P. 153-153*^ (1) 

151-152° (2) 

151° (4) 

Cryst. from CeHe ( 2 ). — Sol. in 1000 pts. aq. at 20° or in 126 pts. aq. at 100°; eas. sol. 
ale., ether ( 1 ). 

[For prepn. of C from 2-hydroxynaphthoic acid-1 [Beil. X-328, Xi-(144)] with PCls 
(3 moles) in s.t. at 180-190° for 8 hrs. followed by treatment with aq. see (1) (2); from 1- 
chloroformylnaphthyl-2-pho8phoric acid dichloride [Beil. X-329] with PCls (2 moles) in 
s.t. at 180-190° followed by treatment with aq. see (1) (2); from 2-chloro-l-(chloromethyl)- 
naphthalene (4) by oxidn. with dil HNO 3 for 15 days see (4).] 

C in aq. susp. with 2% Na/Hg yields (1) a-naphthoic acid (1:0785), m.p. 160° (1). 

C does not esterify upon treatment in MeOH with HCl gas (3). 

Salts: CaA2.2H20; sol. in 150 pts. cold aq. or 75 pts. hot aep; loses water of hydration 
completely at 180° (1). 

® Methyl 2-chloro-l-naphthoate: pr. from ale. + toluene, m.p. 50° (1) (2), b.p. 176- 
180° at 18.5 mm. (2). [From AgA with Mel in s.t. at 100° (1) or from C with ethereal 
diazomethane (2) ] [This ester is very resistant to hydrolysis (1) (2).] 

Ethyl 2-chloro-l-naphthoate: unreported. 

^-Bromophenacyl 2-chloro-l-naphthoate: unreported. 

3:4330 (1) Rabe, Ber, 22, 394-396 (1889). (2) Bergmann, Hirshberg, J. Chem. Soc. 1936 , 333- 
334. (3) Meyer, Ber. 28, 184 (1895). (4) Horn, Warren, J. Chem. Soc. 1946 , 144. 


3 : 4335 2,4,6 -TRICHLOROPHENOXYACETIC CgHsOaCL 

ACID Cl 



CH 2 .COOH 


M.P. 153° (1) 


BeU. S.N. 522 


Colorless cryst. from CeHe) aim. insol. aq. — Neut. Eq. = 255.5. 

[For prepn. of C from 2,4,5-trichlorophenol (3:1620) with chloroacetic acid (3:1370) 
in aq. NaOH (85% yield) see (1).] 

[For use of C as weed killer see (2); for general survey of activity of C as plant hormone 
see (4) (5) ] 

[For prepn. of ethylene glycol 6is-(2,4,5-trichlorophenoxyacetate), m.p. 140°, and its 
use as plasticizer see (3).] 

3:4335 (1) Pokorny, J. Am. Chem. Soc. 63 , 1768 (1941) (2) Hamner, Tukey, Science 166 , 

164-155 (1944). (3) Grether, Shawver, DuVall (to Dow Chem. Co.), U.S. 2,121,226, June 21, 

1938; C.A. 32 , 6267 (1938). (4) Zimmerman, 2nd. Eng. Chem. 36 , 696-601 (1943). (5) Hitch- 
cock, Zimmerman, Contrib. Boyce Thompson Inst. 14 , 21-38 (1946); C.A. 39 , 6289 (1945); Proc. 
Am. Soc. Hort. Sci. 45 , 187-189 (1944); C.A. 39 , 4918 (1945). 



3:4340 


DIVISION A 


390 


3:4340 2,6-DICHLOROBENZOIC ACID Cl C 7 H 4 O 2 CI 2 

)>COOH 


BeU. IX - 342 
IXi-(14l) 


155 ° 

U) 

153 ° 

<7) 

154 . 5 ° 

(2) 

152 ° 

(9) 

154 . 4 ° 

(3) 

161-152° (10) 

154 ° 

(4) (21) 

150 ° 

(11) 

153 . 5 ° 

(5) 

149-160° (12) 

153 . 0 - 153 . 5 ° 

(6) 

147-148° (13) 


B.P. 301° (12) 


Ndls. from aq. or dil. ale. — Somewhat volatile with steam. — Sol. in 1193 pts. aq. 
at 11® (12); in 1177 pts. at 14® (11). 

[For prepn. of C from 2,5-dichlorotoluene (3:6245) by htg. with dil. HNO3 in s.t. at 140° 
(60% jneld (4)) (5) (13) (2) (8) (7) or htg. withKMn04 (14) see indicated refs. ; for prepn. 
of C from 2,5-dichlorobenzaldehyde (3:1145) via Cannizzaro reactn. (84% yield (1)) see 
(1) (4); for prepn. (90-95% yield (9)) from 5-chloro-2-aminobenzoic acid via diazo reactn 
+ CuCl see (9) (11); from 2,5-dichloroaniline via 2,5-chclilorobenzonitrile (in.p. 130°) 
and its hydrolysis with fumg. HCl at 180° sec (15); for prepn. of C from benzoic acid -f 
KCIO3 + HCl see (12) (21); for still other misc. methods sec Beil. lX-342, IXi-(141).] 
For f p./compn. data on mixtures of C with m-chlorobenzoic acid, m.p. 154.4° (3:4392), 
and with 2,3-dichlorobenzoic acid, m.p. 154.4° (3:4650), sec (2). 

C on htg with 3 pts. cone. H2SO4 + 2 pts. aq. loses CO2 at 220° yielding p-dichlorobenzene 
(3:0980) (5). 

The direct nitration of C is unrecorded. [However, 2,5-dichloro-3-nitrobcnzoic acid, 
ndls. from AcOH, m.p, 220°, and 2,5-dichloro-6-mtrobenzoic acid [Bcil. lX-404j, m p. 
143-144°, have both been prepd, by oxidn. (16) of the corresp. aldehydes.] 

C with PCI5 (17) or with SOCI2 (18) yields 2,5-dichlorobenzoyl chloride, b p. 137° at 
15 mm. (17), 95.3-95.5° at 1 mm, (18). [For formn. in chlorination of benzoyl chloride 
see (2).] 

Methyl 2,5-dichlorobenzoate: unrecorded. 

Ethyl 2,6>dichlorobenzoate: b.p. 271° cor. (12). [For study of hydrolysis see 

( 20 ).] 

® 2,6*Dichlorobenzamide: woolly ndls. from aq., m.p. 155° (12). 

(P 2,6-Dichlorobenzanilide : from 2,5-dichlorobenzoyl chloride (above) -f- aniline 
(11), pr from CeHe, m p. 240° (11). 

® 2,5>Dichlorobenz>3-nitroanilide: from 2,5-dichlorobenzoyl chloride (above) -h ?a- 
nitroaniline (19), ndls. fronf aq. MeOH, m.p. 151-152° u.c. (19). 

3:4340 (1) Lock, Ber. 66 , 1531 (1933). (2) Hope, Riley, J. Chem. Soc. 123 , 2470-2480 (1923). 
(3) Boruwater, Holleman, Rec. trav. chim. 31 , 227-230 (1912). (4) de Crauw, Rec. trav. chim. 

60 , 773 (1931). (5) Lellmann, Klotz, Ann 231 , 319 (1885). (6) Gassmann, Hartmann, J. 

Am. Chem. Soc. 63 , 2394 (1941). (7) Cohen, Dakin, J. Chem. Soc. 79 , 1130 (1901). (8) Turner, 

Wynne, J. Chem. Soc. 1936 , 712. (9) Eller, Klemm, Ber. 66 , 222 (1922). (10) Twiss, Farinholt, 
J. Am. Chem. Soc. 68 , 1564 (1936). 

(11) Htibner, Ann. 222 , 201-203 (1883). (12) Beilstein, Ann. 179 , 290-293 (1875). (13) 
Feldmaiin, Kopeliowitsch, Arch. Pharm. 273 , 491 (1935). (14) Ullmann, Wagner, Ann. 371 , 
388 (1910) ; 366 , 364 (1907). (15) Noelting, Kopp, Ber. 38 , 3509 (1905). (16) Hodgson, Beard, 

J. Chem. Soc. 1927 , 2381-2382. (17) Cohen, Briggs, J. Chem. Soc. 83 , 1214 (1903). (18) Norris, 

Ware, J. Am. Chem. Soc. 61 , 1418-1420 (1939). (19) Simpson, Stephenson, J. Chem. Soc. 1942 , 

356. (20) Blakey, McCombie, Scarborough, J. Chem. Soc. 1926 , 2863-2868. 

(21) Biswas, Das-Gupta, J. Indian. Chem. Soc. 19 , 497-498 (1942); C A. 37 , 5709 (1943). 
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SOLIDS 


3:4355-3:4375 



C8H7O2CI 


BeU. IX - 497 
IXi- 


3 : 4355 2-CHLORO-4-METHyLBENZOIC 
ACID 

M.P. 155.0-155.5° u.c.(l) 

149-150° <2) 

Colorless ndls. from ale.; spar. sol. cold, more sol. hot, aq.; cas. sol. ale., ether, CHCI3, 
hot CsHg. 

[For prepn. of C from 3-chloro-4-isopropyl-l“methylbcnzene (.'Vchloro-p-cymene) 
(3:8770) by oxidn. with 15 pts. boilg. HNO3 (D = 1.24-1.29) (other products are also 
formed) see (2); from 3-chloro-4-methylbenzomtrile, m.p. 61-62° (1), by hydrol. with 
boilg. aq. KOH (100% yield) see (I).] 

Salts. NH4A, ICA, NaA H2O, aU_ycry cas. sol. both in aq. and in ale. (1); CaA2.2H20, 
BaA2.5H20, eas. sol. hot aq. (1); AgA, spar. sol. cold aq. but eas. sol. hot aq. (1). 

[C on mononitration by soln. in fumg. HNDs (/) = 1 5) at ord. temp, followed by stdg. 
several hrs. ppts. 2-chlorO“5-nitro-4-mcthylbenzoic acid [Bed. IX-503], cryst. from hot 
aq or ale., m.p. 180° u.c (1), 180-181.5° u c. (3), 180-181° (4) (note that the isomeric 
2-chloro-3-nitro-4-methylbenzoic acid [Beil. lX-503], m.p. 192° u.c. (3), may be formed 
from C under certain conditions {3)).l 

[C on dinitration witii mixt. of 1 pt. fumg. HNO3 (7) = 1.52) -f 4 pts. cone. H2SO4 gives 
(3) either in cold or on hfcg. exclusively 2-chloro-3,5-dinitro-4“methylbenzoic acid [Bed. 
IX-506], ndls. from ale., m.p. 233° u.c. (3) ] 

Ethyl 2-chloro-4-methylbenzoate: oil, b.p. not reported; D4* ^ — 1.1691 (6), 

= 1 52443 (5) 

2-Chloro-4-methylbenzamide : ndls. from ale., m.p. 182° (1). [From partial alk. 

hydrolysis of 2-chloro-4-methylbenzoniti ile (see above) (1)1 

3:4355 (1) Claus, Davidsen, J. prakt Chem (2) 39, 491-496 (1889). (2) Fileti, Crosa, Gazz. 

chim ital. 16, 288-290 (1886). (3) Claub, Davidsen, Ann. 365, 345 346, 348-349 (1891). (4) 

I’lloti, Cro.sa, Gazz. chim. itoU. 18, 312 (1888). (5) von Auwers, Ilarres, Z. physik. Chem. A-143, 

18 (1929). 


3:4375 /»-CHLOROPHENOXYACETIC CgHyOsCl Beil. VI - 187 

Acn> ci<^>o.CH,.coon 

M.P. 156.7-157.2° cor. (6) 

155-156° (1) (4) (5) 

151° (2) (3) 

Pr. (from hot aq.). — Spar, sol cold aq. 

[For prepn from p-chlorophenol (3:0475) by htg. with chloroacetic ac. (3:1370) and 
aq. alk see (1) (4) (5) (6).] 

C htd. with cone. HCl in s.t. at 150° yields 7>-chlorophenol (3:0475) (3). 

C refluxed with IJ^ pts. thionyl chloride for l*/^ hrs. gives (90% yield) p-chlorophenoxy- 
acetyl chloride, b.p. 142° at 17 mm., m.p. 18.8° (1). 

The methyl ester (b.p. 177-180°) and the ethyl ester, ndls. (from ale.), m.p. 49°, have 
been prepare(kfrom the acid chloride (1) 

A-Chlorophenoxyacetamide: from the acid chloride by treatment with excess (NH4)2COs; 
ndls. from ale., m.p. 133° (1). 
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^-Chlorophenoxyacetanilide : from the acid chloride by action of aniline (2 moles) in 
CeHe; ndls. (from ale.), m.p. 125° (1). 

3:4375 (1) Minton, Stephen, J. Chem. Soc. 121, 1599-1601 (1922). (2) Michael, Am. Chem. J. 

9, 210 (1887). (3) Peratoner, Gazz. chtm. ital. 28, I 239 (1898). <4) Behaghel, J. prakt. Chem. 

114, 297-298 (1926). (5) Koelach, J. Am. Chem. Soc. 63, 304-306 (1931). <6) Hayes, Branch, 

J. Am. Chem. Soc. 66, 1555-1564 (1943). 


3 : 4390 4 .CHLOROPHTHALIC ACID 


M.P. 157° 


156° 

(2) 

151° 

<3) 

150-150.5° 

(4) 

150° in s.t. 

<5> 

148° u.c. 

<6) 



C 8 H 5 O 4 CI BeU. IX - 816 
IXi-(366) 


[See also A-chlorophihalic anhydride (3 : 2725).] 


Ndls. from ale. ; cryst from CeH6 or CCI4. — Eas. sol. aq., ale., ether, or AcOH. 

(For prepn. of C from 4-chlorophthalic anhydride (3:2725) by warming with aq. or 
from dimethyl 4-chlorophthalate <3) or diethyl 4-chlorophthalate (5) by Itydrol with alk. 
see indie, refs.; from neutral sodium phthalate in aq. alk. on treatment with CI2 see (3) 
<7) (8) (9) (10); from 4-ehloro-2-methyIbenzoic aeid (3:4700) (11) (12), from 5-chloro-2- 
methylbenzoie acid (3:4070) (11), from 4-chloro-2-methylacetophenone (Beil. VII-306] 
(2), or from 7-chloro-l,2,3,4-tctrahydronaphthaleno (1) by oxidn. with alk. KMn04 see 
indie, refs.; from 6-chloroindanone-l [Beil. VII-361] on evapn. with hot 25% HNO3 see 
(4); from 1,6-dichloronaphthalene (3:0810) <13), 2,6-dicliloronaphthalcne (3:4040) (14) 
(6), 2,7-dichloronai)hthalene (3:3445) (14), 6-chloronaphthol-2 (3:3500) (6), or 4-chloro- 
2-methylbenzoic acid (above) (12) on oxidn. with dil. HNO3 in s.t. as directed see indie, 
refs.; from the trichloride of 4-sulfophthalic acid [Beil. XI-407] with PCI5 in s.t. at 220° 
followed by KOH hydrolysis of the 4-chlorophthalyl (di)chloride see (15); from 4-sulfo- 
phthalic anhydride (16) by htg. with HCl 4- NaClOs see (16) j 
C on htg. above m.p. gives 4-ctdorophthalic anhydride (3:2725). 

(C on fusion with KOH (11) or with NaOH at 165-175° (10) gives (100% 3deld (10)) 
4-hydroxyphthalic acid (Beil. X-499, Xr(255)], m p. 204-205°, with conv. to corresp. 
anhydride, m p. 171° (note that this same prod, is also obtd. from the isomeric 3-chloro- 
phthalic acid (3 : 4820) ).] 

[C htd. under press, at 350° with aq. -f cat. loses CO2 presumably yielding (17) w- 
chlorobenzoic acid (3:4392) and/or p-chlorobenzoic acid (3:4940).] 

[C with NK3 gas -|- cat. as directed (18) yields 4-chlorophthalonitrile, m.p. 130-132° 
(19).] 

(For use of C as softener for cellulose derivatives see (20); for reaction of C with naphtha- 
lene 4- AICI3 yielding intermediates for vat dyes see (21).] 

C on htg. with resorcinol 4 - few drops cone. H2SO4, then dissolving in alk., gives fluores- 
cein reactn. (2) — C is unstable toward KMn04 (2). 

Salts. BaA, CaA, dif. sol. aq.; BaA.H2A, spar. sol. even in hot aq. (11) (for table of 
heavy metal salts see (22)). • 

Esters. Dimethyl 4-chlorophthalate; from A^2A with Mel (15), from 4-chlorophthalyl 
(di)chlorido (above) with MeOH (15), or from C in MeOH with HCl gas (3); ndls. from 
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SOLIDS 


3:4390-3:4399 


Ip.f m.p. 38® <3), 37® (15), b.p. 186-187® at 32 mm. (3); diethyl 4-chlorophthalate; from 
C in ale. with HCl gas (16) or from diethyl 4-aminophthalate via diazotization and use of 
CU2CI2 reactn. (70% yield (5)), b.p. 300-305® (15), 185-190® at 25 mm. (5), 173-174® at 
16 mm. (1). 

3:4390 (1) von Braun, Larbig, Kredel, Ber. 66 , 2337-2338 (1923). (2) Mayer, Albert, Sch5n, 

Ber. 66, 1297 (1932). (3) Ayling, J. Chem. Hoc. 1939, 253-256. (4) Miersch, Ber. 35, 2116 

(1892). (5) BUcke, Smith, J. Am. Chem. Soc. 61, 1869 (1929). (6) Claus, Dehno, Ber. 16, 

320-321 (1882). (7) Moore, Marrack, Proud, J. Chem. Soc. 119, 1788-1789 (1921). (8) Egerer, 

Meyer, Monatsh. 34, 81-83 (1913). (9) Scottish Dyes, Ltd., Beckett, Bangham, Thomas, Brit. 

348,632, June 11, 1931 ; Cent. 1931, II 1194. (10) Rushchinskil, Compt. rend. acad. sci. (U.R.S.S.) 

1933, 118-121; Cent. 1936, I 1617. 

(11) Krliger, Ber. 18, 1758-1759 (1885). (12) Claus, Stapelberg, Ann. 374, 289 (1893). (113) 

Clevo, BuU. soc. chim. (2) 39, 499 (1878). (14) Aleii, Bull. soc. chim. (2) 36, 433-434 (1881). 

(15) R6e, Ann. 333, 237-238 (1886). (16) Waldmann, Schwenk, Ann. 487, 290-291 (1931). 

(17) Jaeger (to Selden Co.), U.S. 1,953,231, Apr. 3, 1934; Cent. 1934, II 1688. (18) Imperial 

Chem. Ind., Ltd., French 766,944, July 6, 1934; Cent. 1934, II 2749. (19) Soc. Chem. Ind. Basel, 

French 844,567, July 27, 1939; C.A. 34, 7299 (1940). (20) Dreyfus, French 749,792, July 29, 

1933; Cent. 1934, I 3154. 

(21) B.A.S.F., French 599,038, Dec. 31, 1925, Cent. 1936, I 2850. (22) Ephraim, Ber. 65, 

3482 (1922). 


3:4393 m-CHLOROBENZOIC / Vnnw C7HBO2CI Beil. IX - 337 
ACID \ IXi-(139) 


159° 

(106) 

154.5° 

(11) (12) 

158° 

(1) (2) (3) 

154.4° 

(13) 

157.5° 

(3) (4) 

154.35° 

(14) 

157° 

(5) 

154-155° 

(15) 

156.3° 

(6) 

154° 

(16) (17) (18) (60) 

155-156® cor. 

(7) 

153-154° 

(24) 

156® 

(26) 

153.5° 

(19) 

155® 

(8) 

153° 

(20) (21) (26) (28) (35) 

154.8-155.0° 

cor. (62) 


(70) (84) 

154.9° 

(8) 

153° 

(22) (47) 

154.8-154.9° 

(9) 



154.8® 

(10) 




Pr. from hot aq., 30% AcOH or CeHe. — C is spar. sol. cold aq., e.g^, 1 pt. C is sol. at 
0® in 2840 pts. aq. (23); 1(X) ml. satd. aq. soln. at 25° conts. 0.0385 g. C (60). — C is eas. 
sol. hot aq., ale., ether. — At 14-16° C 100 ml. of satd. soln. of C in ether conts. 14 g. C; 
in CeHe, 0.66 g. C; in CS2, 0.62 g. C; in CCI4, 0.08 g. C (8). — For study of soly. of C in 
CeHe or n-heptane see (11); in chlorobenzene (3:7903), in o-chlorotoluene (3:8245), or 
in m-chlorotoluene (3:8275> see (10); in acetone or CeHe see (6); for soly of C in aq. solns. 
of various salts including NaA see (60). — For distribution coefficients of C at 25° between 
aq. + toluene or between aq. and CHCI3 see (102). 

C can be sublimed under reduced press. (24) (14). — C is but very slightly volatile with 
steam (for details see (12)). — For study of adsorption of C by charcoal from acetone or 
CeHe soln. see (6). 

Binary systems contg. C: [For f.p./compn. data on system C -f H2O see (25). — 
For f.p./compn. data and diagram of system C benzoic acid (1.0715) (eutectic, m.p. 
96.0® (20), 95.4® (27) (8), contg. 36 wt. % C (27) (20) (8) (28)) see indie refs. — For 
f.p./compn. data on systems C + Tw-toluic acid (1:0705) (26), C -f w-hydroxybenaoic 
acid (1 : 0825) (26), see indie, refs.] 



3:4d9d 


w-CHLOROBENZOIC ACID 
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[For f.p./compn. data on system C + o-chlorobenzoic acid (3:4150) (eutectic, m.p. 
110.7®, contg. 47-48 mole % C (20) (27) (8) (19)) see indie, refs.; on system C + p-chloro- 
benzoic acid (3:3940) (eutectic, m.p. 140.9®, contg. 80 mole % C (8) (19) cf. (104)) see 
indie, refs.; on system C + 2,5-dichlorobcnzoic acid (3:4340) (eutectic, m.p. 119.7°, 
contg. 61-68 mole % C) see (13).] 

[For f.p./compn. data on systems C + o-bromobenzoic acid (28), C + m-bromobenzoic 
acid (28), C + p-bromobenzoic acid (28), m^iodobenzoic acid (29), <>-nitrobenzoic acid 
(30), m-nitrobenzoic acid (30) see indie, refs.] 

Ternary systems contg. C : [For influence of addn. of benzoic acid (20) or of p-chloro- 
benzoic acid (3:4940) (27) to eutectic of C with o-chlorobenzoic acid (3:4150) see indie, 
refs. — For influence of addn. of o-chlorobenzoic acid (3:4150) to eutectic of C with benzoic 
acid (1:0715) sec (27); for data on system C o-chlorobenzoic acid (3:4150) -f p-chloro- 
benzoic acid (3:4940) see (19).] 

Miscellaneous. [For study of fate of C in animal organism see (31) cf. (102) (note that 
although from man C is excreted (34) as iV-(m-chlorobenzoyl) glycine (w-chlorohippuric 
acid) [Beil. IX-339], m.p. 143-144° (31), yet from dog and rabbit no evidence for this 
conjugation product has been found (31). — For study of use of G as a preservative see 
(32). — For use of C as vulcanization regulator see (33) ] 

Preparation. [For prepn, of C from benzoic acid (1:0715) by chlorination with CI2 
(38) in pres, of FcCla (70% yield (8)), with KCIO3 -j- cone. HCl (35) (36) (37) (38), with 
aqua regia at 100° (yield 32% (39)) (7), with SbCls (35) (40) (84), with MnO-i -f cone. 
HCl in s.t. at 150® (41), with NaOCl soln. (20) (42), or with Ca (001)2 soln (42) (35) (38) 
see indie, refs, (note that in all these cases numerous other chlorination products are also 
formed); from cinnamic acid (1:0735) by chlorination and oxidn with Ca(OCl)2 soln. 
see (35) (38).] 

(For prepn. of C by oxidn. of m-chlorotolucne (3:8275) with K2Gr207 + H2SO4 (43), 
with 5% aq. KMn04 (75% yield (4)) (8), with dil. HNO3 in s.t. at 130-140° for 8 hrs. (47), 
or in aq. alk. at 260° under press, with air (44) see indie, refs.; from 3-chlorobiphenyl 
(3:8940) or from 3,3'-dichlorobiphenyl (3:0180) by oxidn. with CrOs/AcOH in pres of 
V2O6 see (45); from m-chlorobenzaldehyde (3:6475) by oxidn. with alk KMn04 see (3).] 
[For prepn. of C from m-chlorobenzal (di)chloride (3:6710) by hydrolysis with aq. fol- 
lowed by KMn04 oxidn. (7% yield (2)) or from its mixt. with m-chlorobenzotrichloride 
(3:6845) by hydrolysis with 70% H2SO4 or 80% AcOH or 5% NaOH at 90-100° in stream 
of air to effect immediate oxidn. (46) sec indie, refs.] 

[For prepn. of C from ?n-chlorobenzonitrile [Beil. IX-339], m.p. 40.5° (48), by hydrolysis 
with cone. H2SO4 (3), from iV-(m-chlorobcnzoyl) glycine (m-chlorohippuric acid) by 
hydrolysis with HCl (35) (36), see indie, refs.] 

[For prepn. of C from ?w-aminobenzoic acid [Beil. XIV-383, XIVi-(558)] via dizaotiza- 
tion and use of CU2CI2 reactn. (74% yield (101)) (3) (4) (49); from m,w'-diazoaminobenzoic 
acid (diazoaminobenzene-3,3'-dicarboxylic acid) [Beil. X VI-727] with warm cone. HCl 
(60) see indie, refs.] 

[For formn. of C from ?n-chloro-iodobenzene [Beil. V-220, V2-(167)] by reaction with 
n-butyllithium in ether followed by carbonation with CO2 (41.5% yield (51)); from 
chloronitrobenzene [Beil. V-243, Vi-(129), V2-(182)] with ale. KCN in s.t. at 200° (52); 
from 3-chlorophthalic acid (3:4820) or 4-chlorophthalic acid (3:4390) by cat. partial 
decarboxylation (53); from 3-chlorophthalic acid by mercuration and treatment with 
HCl (99) see indie, refs.] ^ 

Chemical behavior. [C (as NaA) on reduction in boilg^ aq. soln. with Na/Hg yields 
(36) (54) benzoic acid (1:0715) (for study of reduction of C with H2 -f Ni in aq. alk. at 
ord. temp, see (56)); C on electrolytic reduction in aIc./H2S04 yields (56) Tw-chlorobenzyl 
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alcohol [Beil. VI-444], oil, b.p. 234® (56); note that C with Ni/Al alloy (Raney nickel) 
in aq. alk. soln. at 90® gives (100% yield (106)) benzoic acid (1:0715), m.p. 121®.] 

C behaves normally as a monobasic acid: e.g , C on titration with standard dil. aq. alk. 
gives Neut. Eq. 156.5; ionization coast, at 25® is 1.55 X 10"^ (57), 1.53-1.59 X 10"^ (58), 

l. 506 X 10~* (59) cf. (1) (60). — [F^yr study of acid strength of C in MeOH, EtOH, and 
various other ales, see (61) (62) (63) (16) (64) (65) (17).] 

Salts of inorganic bases. [NH4A, m.p. 203-204° dec. (39), Ifts. from acetone/pet. ether 
(39), powder from abs. ale. (66). — Hydroxylamine salt, ndls. from xylene, m.p. 144® (72), 
145-146° dec. (39). — NaA (67), KA (67) both behave as liquid cryst. on fusion. — AgA, 
insol. aq. (68) (note that this salt (1 mole) with I2 (2 cquiv.) in dry CeHe refluxed 15-18 
hrs. yields (69) phenyl 7?i-chlorobenzoate, m.p. 53°, + CO2 + Agl). — CaA2.3H20, sol. 
at 12° in 82 6 pts. aq. (68) (35). — BaA2.4H20, eas. sol. aq. or ale. (for use in sepn. of C 
from o-chlorobcnzoic acid (3.4150) and p-chlorobenzoic acid (3:4940) see (27)). — 
CdA2.2H20 (71).] 

Salts of organic bases. E.g., C with equiv. amt. benzylamine in boilg. EtOAc followed 
by evapn. of solvent yields (73) benzylammonium m-chlorobenzoate, m.p. 146.8-147.4° 
U.C., 149 2-149.8° cor. (73), Neut. Eq. 263.6 (note that the m.p. of this salt is only very 
slightly lower than that of the corresp. salt from o-chlorobenzoic acid (3:4150)). — C 
similarly treated with a-phenylethylaminc yields (73) a-phenylethylammonium m-chloro- 
benzoatc, m.p. 142.0-142.6° u.c., 144 7-145.3° cor. (73), Neut. Eq. 277.6 (note that the 

m. p. of this salt, although better separated from those of the isomeric acids than the pre- 
ceding case, is very clase to that for the corresp. deriv. of cinnamic acid (1 :0735)). 

C (1 mole) in ale. mixed with codeine (1 mole), m.p, 155®, in ale. htd. several minutes, 
solvent evaporated, and resulting syrup recrystallized from aq. yields (74) codeine m- 
chlorobcnzoate, Ci8n2j03N.C, m.p). 96° on “ Maquenne block note that this m.p. al- 
though very close to that (99°) of corresp. salt from m-bromobcnzoic acid is widely different 
from the corresp. salts of o-chlorobenzoic acid (3:4150) and p-chlorobenzoic acid (3:4940), 
which are 134° and 162° respyectively. — C (1 mole) in ale. (or CHCI3) with strychnine 
(1 mole) in ale. boiled for a few minutes then cooled yields (75) strychnine m-chlorobenzoate, 
C21H22O2N2.C, m.p. 185° u.c. on “ Maquenne block note that this m.p. is somewhat 
higher than that (170°) of the corresp. salt from o-cblorobenzoic acid (3:4150) and widely 
different from that (251°) of the corresp. salt of p-chlorobenzoic acid (3:4940). 

C with alcohols gives by conventional procedures the correrp esters; for details on 
methyl 7?i-chlorobenzoate (3:6670) and on ethyl m-chlorobenzoate (3:6770) see these 
compds. — [For study of rate of esterification of C with MeOII (76) or with cyclohexanol 
(77) see indie, refs.] 

C with P2O5 in toluene boiled for 4 hrs. (78) or C with oxalyl (di)chloride (3:5060) 
refluxed in CeHe (79) cf. (80) yields m-chlorobenzoic acid anhydride, pi. from CeHe or 
toluene, ndls. from It. pet. or ale., m.p. 95.5° (78), 95® (79) (note that C (2 moles) with 
oxalyl (di)bromide refluxed in CeHe similarly gives good yields (80) of the above anhydride 
but NaA with oxalyl dibromide can also be used (80) to prepare m-chlorobenzoyl bromide, 
oil, b.p. 143-147® at 40 mm. (80)). 

C with PCI5 (31) (68) (3) or with SOCI2 (81) (82) or with SOCI2 4- pyridine (83) gives 
(76% yield (31)) m-chlorobenzoyl chloride (3:6590), b.p. 225®. 

[C with HN3 in cone. H2SO4 in trichloroethylene (3 : 5170) soln. at 40® gives (75% yield 
(107)) m-chloroaniline.] 

C fused with KOH, subsequently acidified, yields (84) m-hydroxybenzoic acid (1:0825). 

C on nitration with boilg. fumg. HNO3 for 10 min. (70) or wdth abs. HNO3 at 0° or 
—30® (3) (24) (85) gives a mixt. of two isomeric nitro-m-chlorobenzoic acids; this mixt. 
consists mainly (92-93% (86) cf. (24)) of 3-chloro-6-nitrobenzoic acid [Beil. IX-401], 
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cryst. from HNO3 (D = 1.1) (24), ether, CeH®, or aq., m.p. 139® (86), 137-138® (70), 136® 
(3), 136-136® (24), accompanied by a Uttle (7-8% (86)) cf. (24) 3-chloro-2-nitrobenzoic 
acid (Beil. IX-400], ndls. or tbls. from hot aq., m.p. 236® (70) (85), 233-234® (3) (for details 
on sepn. of these two isomers see (3) (70) (24) (85)). — Note that the other two possible 
nitro-m-chlorobenzoic acids are known but are not found in the product from nitration 
of C; they are 3-chloro-4-nitrobenzoic acid (Beil IX-404J, m.p. 185-186®, and 3-chloro-6- 
nitrobenzoic acid (Beil. IX-403, IXi-(165)J, m.p. 147®. — [Note also that no dinitro-3- 
chlorobenzoic acids have ever been reported.] 


Methyl m-chlorobenzoate: b.p. 231®, m.p. 21®. (See 3:6670.) 

Ethyl m-chlorobenzoate: b.p. 245®. (See 3:6770.) 

® ^-Nitrobenzyl m-chlorobenzoate : m.p. 107 2° u.c. (87). [From C (as NaA) with 
p-nitrobenzyl bromide (m.p. 99°) in boilg. dil. ale. (87); note that m.p. of this ester 
is almost identical with that (106® (88)) of the corresp. ester of o-chlorobenzoic acid 
(3:4150).] 

® Phenacyl m-chlorobenzoate: m.p. 118® (89), 116.4° (21). [From C (as NaA) with 
phenacyl bromide (m.p. 50°) in boilg. ale. (98% yield (21)).] 

^-Chlorophenacyl m-chlorobenzoate: unreported. 

® ^-Bromophenacyl m-chlorobenzoate: m.p. 117.2® (21), 116° (90). [From C (as 
NaA) with p-bromophenacyl bromide (m.p 109°) in boilg. ale. (21).] 

^-lodophenacyl m-chlorobenzoate : unreported. 

® ^-Phenylphenacyl m-chlorobenzoate: m.p. 154® u c. (91). [From C (as NaA) with 
p-phcnylphenacyl bromide (m.p. 126°) in boilg. ale. (91); note that the m.p. of this 
deriv. is only slightly lower than that (160° u.c. (91)) of the corresp. ester of p-chloro- 
benzoic acid (3.4940); note also that, since this ester has almost the same m.p. as 
the original C, care must be taken to show that the supposed ester is insol. in aq. 
Na2C03 (dif. and sepn. from C); note finally that the m.p. of a mixt. of C with this 
ester is depressed to 130-132® (91).J 

® 5-Benzylthiuronium m-chlorobenzoate: cryst. from ale., m.p. 155° cor. (92). [From 
NaA or KA in dil. ale. with slight excess <8-benzylthiuronium chloride soln. (15% in 
hot ale.) (92).] 

® S-(^-Chlorobenzyl)thiuronium m-chlorobenzoate: cryst. from dioxane, m.p. 157° 
cor. (93). [From NaA or KA in aq. with 1 equiv. of 4S-(p-chlorobenzyl)thiuronium 
chloride, m.p. 197® (10% in ale.) (93); note that the m.p. of this prod, is closely ad- 
jacent to that (m.p. 159® cor. (93)) of the corresp. salt of o-chlorobenzoic acid (3:4150), 
and is also almost identical with that of the original C.) 

® S-(A-Bromobenzyl)thiuronium m-chlorobenzoate: m.p. 150° cor. (94). [From 
NaA or KA in aq. with 1 equiv. of 5-(p-bromobenzyl)thiuronium bromide, m.p. 213®, 
in ale. (94).] 

® m-Chlorobenzamide: cryst. from hot aq. or ale., m.p. 135® (100), 134.5® cor. (3), 
134® u.c. (95), 132-133® (70). [From o-chlorobenzoyl chloride (3:6590) with cone, 
aq. NH4OH (68) (70) or from C by refluxing with AcOH -f (NH4)2C03 (46-50% 
yield (100)); note that this amide gives on fusion with HgO a mercuric deriv., m.p. 
245® u.c. (95).] 

® m-Chlorobenzbydrazide: ndls. from aq. or ale., m.p. 158® (96), 157-158® (97). [From 
ethyl ?7i-chlorobenzoate (3 : 6770) with hydrazine hydrate in abs. ale. on 8-hr. reflux, 
(yield: 97% (96), 87% (97)).] — [For use of ?7i-chlorobenzhydrazide as general reagt. 
for identification of aldehydes and ketones see (97).] 

Ar'-(m-Chlorobenzoyl)-iV-phenylhydrazide: unreported. 
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— m-Chlorobenzanilide: cryst. from ale., m.p. 122-125® <98). [Prepn. reported 
but only by indirect means (98).] — [Note that the isomeric benz-?7MJhloroanilide 
[Beil. XII-605] has m.p. 118®.] 

m-Chlorobenzo-^>toluidide: unreported. 

m>Chlorobenzo-a-naphthalide : unreported. 

m-Chlorobenzo-i^-naphthalide: unreported. 
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3:4395 2-CHLORO-3-HYDROXYBENZOIC f^Cl CtHbOsCI Beil. X - 143 
ACID Xi— 

IJoii 

M.P. 157.6-158.5° (1) 

156.5-157.5° (1) 

156^157° (2) (5) 

156° (3) 

155.0-165.5° U.C. (10) 

Colorless Ifts. from aq. or CeHe. [loniz. const, at 25° = 1.40 X 10“^ (5).] 

[For prepn. of C from 2-chloro-3-hydroxybenzaldehyde (3:4085) with 5-6 pts. 50% 
KOH at 60-70° (Cannizzaro reactn.) (96% yield) see (3); from ethyl 2-chloro-3-hydroxy- 
benzoatc (see below) by hydrolysis with 35% KOH sec (1) (2) cf. (4); for formn. from 
w-hydroxybenzoic acid (1:0825) with CI2 in McOH (6) (44% yield (10)) or AcOH (1) 
(together with some of the isomeric 6-chloro-3-hydro\ybenzoic acid (3:4720)) see indie, 
refs.; for prepn. of C from 2-amino-3-hydroxybenzoic acid (1) via diazotization and use of 
CU2CI2 reactn see (1).] 

Salts: AgA, cryst. ppt. (2). 

C in aq. soln. gives with FeCla a violet-red color. 

[C with formalin (1 :0145) + cone. HCl -f HCl gas at room temp, gives (87% yield 
(10)) 7-chloro-6-hydroxyphthalide, m.p. 290° cor. (10) J 

Methyl 2-chloro-3-hydroxybenzoate: pr. with 1 H2O from dil. ale., m.p. 70-71° 

(2); anhydrous form, m.p. 62-65° (2). [From C in MeOH with H2SO4 (2) ] — [This 
ester with Mel MeOH/ KOH in s.t. at 130° for several hours gives methyl 2-chlor()- 
3-methoxybenzoate, anhydrous ndls. from dil. ale., m.p. 41-42° (2).] 

Ethyl 2-chloro-3-hydroxybenzoate: white ndls. with 1 H2O from dil. ale., m.p. 

58° (2); above m.p. loses aq. giving viscous oil (2). [From ethyl 7n-hydroxybenzoate 
(1:1471) with SO2CI2 (together wdth the isomeric ethyl 6-chloro-3-hydroxy benzoate 
(2) (4)).] — [This anhydrous ester with AcCl yields ethyl 2-chloro-3-acetoxy benzoate, 
ndls. from dil. ale., m.p. 48-49° (2).] 

2-Chloro-3-methoxybenzoic acid: colorless ndls. from aq., m.p. 161.5° (7), 160° 

(8) (9). [Prepd. indirectly from 2-chloro-3-methoxybenzaldehyde by oxidn. with 
KMn04 (7) (8).J 
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2-Chloro-3*-acetoxybenzoic acid: cryst. from aq. or CeHe^ m.p. 162.6-153® u.c. 

( 10 ). [From C + AC 2 O + K 2 CO 3 ( 10 ).] 

3:4395 (1) Beyer, Rec. irav. chim. 40, 625-628 (1921). (2) Mazzara, Gazz. chxm. ital. 39, I 

380-383 (1899). (3) Lock, Moriatsh. 55, 310-311 (1930). (4) Mazzara, Bertozzi, Gazz. chim. 

ital. 30, II 87-88 (1900). (5) Coppadoro, Gazz. chim. ital. 33, I 646 (1902). (6) Plazek, Roezniki 

Chem. 10, 761-776 (1930); Cent. 1931, 1 1428, C.A. 35, 1504 (1931). (7) Hodgson, Rosenberg, 

J. Chem. Soc. 1930, 17. (8) Hodgson, Beard, J. Chem. Soc. 1936, 150. (9) Gibson, J. Chem. 

Soc. 1930, 1428. (10) Buehler, Harris, Shaeklett, Block, J. Am. Chem. Soc. 108, 677 (1946). 

CHO 


3:4400 3,6-DICHLORO-4-HYDROXyBENZ- 
ALDEHYDE 


M.P. 158-159° cor. (1) 

156° (2) (3) 


J C7H4O2CI2 
IH 


Beil. Vra - 81 

vnii— 


Colorless odorless ndls. from dil. ale. or from CHCI 3 ; fairly cas. sol. ale., ether, AcOH; 
more dif. sol. Celle, Igr., CHCI 3 . 

[For prepn. of C from p-hydroxybenzaldehyde (1:0060) in 5 pts. AeOH at 100° (2) (4) 
or in CHCI 3 with eooling ( 1 ) with CI 2 see indie, refs.; from eorresp. methyl ether (3,5- 
diehloro-4-mcthoxybenzaldehydo) with boilg eone HI see (3) ] 

C in iV KOH with H 2 O 2 yields (4) 2 ,()-diehlorohydrofiuinone (3 : 4600) 

[The methyl ether of C (see above) has been obtd indireetly (3) from p-mcthoxybenzalde- 
hyde (p-anisaldehyde) (1:0240) by ehlorination w’lth large execss (9 moles) SO 2 CI 2 ; bright 
red eryst. from ale., m.p 61.6° (3); on oxidn. with CrOs this prod, gives (80% yield (3)) 
3,5-diehloro-p-methoxybcnzoie acid [Beil. X-177], m.p. 202.0-202.5° (3) ] 


(© 3,6-Dichloro-4-hydroxybenzaldoxime: colorless ndls. from dil. ale., m.p. 185° (2). 
[From C in moderately cone. NaOH (3 moles) with NH 2 OH.HCI moles), subse- 
quently acidified with AcOII ( 2 ) ] — [This oxime on boilg. with AC 2 O for 2 hrs. yields 
(2) 3,5-dichloro-4-acetoxybcnzonitrile, colorless cryst. from dil. ale., m.p. 93° (2).] 

(g) 3,6-Dichloro-4-hydroxybenzaldehyde semicarbazone : greenish yel. ndls. from AcOH, 
m.p. 236-237° cor. dec (1). [From C in hot AcOH (60 pts.) by addn. of cone. aq. 
soln. of semicarbazide hydrochloride, followed by H br. htg. ( 1 ).] 


3:4400 (1) Biltz, Ber. 37, 4033-4034 (1904). (2) von Auwers, Reis, Ber. 39, 2356-2358 (1896). 
(3) Durrans, J. Chem. Soc. 133, 1426 (1923). (4) Dakin, Afn. Chem. J. 43, 490-491 (1909). 


3:4410 ris-1,2, 3,4,6, 6 -HEXACHLORO- 

a 

Cl CelleCle 

Beil. V - 23 

CYCLOHEXANE 

1 

c— 

1 

— C 

Vi-( 8 ) 

(or-Benzenehexaehloride) 

?/k 

i\a 

h\i 

V 2 -(ll) 

M.P. 168.2° (1) 

\? 

p 

ci/i 


168° < 2 ) 

n- 



187° cor. (3) (21) 

1 

H 

1 

H 



[<S»ee also fi-henzenehexachloride (3 : 4990).] 

Nine stereoisomeric configurations of bcnzenehexachloride are possible (cf. (4)) and 
four are known; C (contrary to earlier opinion ( 6 )) is now thought (but not unequivocally 
proved) to have the as configuration; the / 8 -isomer has been shown to have the tram 
configuration; the configurations of the 7 -isomer, m.p. 112-113° (2), and the 5-isomer, 
m.p. 129-132° (2), are unknown. 



3:4410-3:4490 


cm-1,2,3,4,5,6-HEXACHLOROCYCLOHEXANE 


400 


C cryst. from 80% AcOH (3) or from ale. — C is volatile with steam (dif. and separation 
from ^-isomer). — C is insol. aq. but sol. in 22.8 pts. CHCI3 at 15.25°; in 15.4 pte. CeHe 
at 18.25® <5). — C forms with the /9-isomer a eutectic (m.p. 155.5°) contg. 79.7% C (2). 

[For manuf . of ordinary benzenehexachloride (mixt. of stereoisomers) from CeHe (1 : 7400) 
-f CI2 in pres, of light (6) (7) (8), X-radiation f9), or cone. H2SO4 (10) see indie, refs.; for 
study of prepn. of C (together with other stereoisomers) from CeHe with CI2 in pres, of 1% 
aq. NaOH see (3) (2) (28), in gas phase (11) (12), in pres, of ethylene in the dark (13), in 
pres, of NCI3 in the dark (14) or in light (15), in pres, of light (16) (17) (18) (19) (20).J 
[For use of C as insecticide see (27); note, however, that insecticidal props, are thought to 
be due to 7-isomer (29).] 

C on htg above its m.p. loses HCl and yields (3) (21) 1,2,4-trichlorobenzene (3:6420). 
C on htg. with aq. in s.t. at 200° (19), on boilg. with MeOH/KOH (2), EtOH/KOH 

(2) (3) (19) (20) (22), ale. KCN (19), or pyridine (2), or on htg. with quinoline at 105- 
110° (2) yields mainly 1,2,4-trichlorobcnzene (3:6420) together with other prods.; e.g., 
C on boilg. with excess 10% ale. KOH for hr. (2) or C boiled with 10 pts. pyridine for 
1 hr. (2) gives (yield; 75-86% (2)) 1,2,4-trichlorobcnzene (3:6420). 

C reacts very vigorously with boilg. aniline (19), but the prods, have not been detd. 

[C stood in s.t. with 3 pts. liq. CI2 for 11 days yields (23) a-nonachlorocyclohexane, cryst. 
from ale., m.p. 95-96° (23) (24).] 

C in ale. boiled with Zn dust yields (25) benzene (1:7400). 

C is very inert to most other reagents: e.g, C can be rccrystallizcd unchanged from 
fumg. HNO3 (3), is unattacked by fumg. H2SO4 (19), is unattacked by C1O3 (3), is only 
slightly affected by aq. KMn04 even on boilg. (3), and is unaffected by cone. aq. NH4OH 

(3) , boilg, ale. AgNOs (3), or AgOAc (26). 

3:4410 (1) van de Vloed, BvU. soc, chim. Bclg. 48, 255-256 (1938). (2) van der Linden, Ber. 45, 

231-247 (1912). (3) Matthews, J, Chem, Soc. 59, 165-172 (1891). (4) Williamp, Fogelberg, 

J. Am. Chem. Soc. 53, 2103 (1931). (5) Friedel, Bull. soc. chim. (3) 5, 130-138 (1891). (6) 

Hardie (to Imperial Chem. Ind„ Ltd.), U.S. 2,218,148, Oct. 15, 1940; C.A. 35, 1071 (1941). 
(7) Imperial Chem. Ind., Ltd., Grant, Brit. 504,569, April 26, 1939; (7enM939,II 1775; C.A. 33, 
7822 (1939). (8) Stephenson, Curtis, Brit. 447,058, May 7, 1936; Cent. 1936, II 3360, C.A. 30, 

6766 (1936). (9) Loiseau, French, 565,356, Jan. 25, 1924; Ceiit. 1925, II 1227. (10) Battegay, 

French 641,102, July 28, 1928; Cent. 1928, II 1718. 

(11) Lane, Noyes, J. Am. Chem. Soc. M, 161-169 (1932). (12) Smith, Noyes, Hart, J. Am. 

Chem. Soc. 55, 4444-4459 (1933). (13) Stewart, Hanson, J. Am. Chem. Soc. 53, 1121-1128 

(1931). (14) Coleman, Noyes, J. Am. Chem. Soc. 43, 2216 (1921). (15) Hentschel, Ber. 30, 

1436 (1897). (16) Faraday, Ann. chim. (2) 30, 274 (1825). (17) Mitscherhch, Ann. Phyaik 

35, 370-374 (1835). (18) Leeds, Everhart, J. Am. Chem. Soc. 2, 206 (1880). (19) Meunier, 

Ann. chim. (6) 10, 223-269 (1887). (20) Lesimple, Ann. 137, 122-124 (1866). 

(21) Tei, Komatsu, Mem. CoU. Sci. Kyoto Imp. Univ. 10-A, 325-330 (1927); Cent. 1928, I 
2370; C.A. 22, 1086 (1928). (22) Jungfleisch, Ann. chim. (4) 15, 270 (1868). (23) van der 

Linden, Rec. trav. chim. 57, 218-221 (1938). (24) Willgerodt, J. prakt. Chem. (2) 35, 416 (1887). 

(25) Zinin, Zeit. ftlr Chemie 1871, 284, (26) Griffin, Nelson, J. Am. Chem. Soc. 37, 1554 (1915). 

(27) Bender (to Great Western Electrochem. Co.), U.S. 2,010,841, Aug. 13, 1935; Cent. 1936, 

I 1112. (28) Klingstedt, Wiese, Rtidback, Acta Acad. Aboensis Math, et Phya. 4, No. 2, 1-36 

(1927). (29) Taylor, Nature 155, 393-394 (1945). 

Cl 

3:4420 4,8-DICHLORONAPHTHOL-2 /V^H CioHeOClz Beil. VI — 

\/y^ Vl2-(604) 

M.P. 158-159' <1). * 

Colorless ndls. from ale. — sol. in NaOH. 

[For prepn. from 4,8-dichloronaphthylamine-2 via diazo reaction see (1).] 
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(For use in prepn. of azo dyestuffs see (2).] 

G on suitable methylation yields methyl ether, viz., methyl 2,4-dichloro-j3*naphthyl 
ether, colorless ndls., m.p. 93® <1). 

3:4420 (l) Friedldnder, Karamessinis. Schenk, Ber. SS, 48-49 (1922). (2) Herzberg, Wunderlich 
(to I.G.), Ger. 459,989, May 18, 1928; Cent, 1928, II 395. 


3:4430 2.CHLORO^-im)ROXYB£NZOIC 
Acm 


M.P. 159® (1) 

. Colorless ndls. from aq. 

[For prepn. of C from 2-chloro-4-methoxy benzoic acid (see below) by cleavage with 
cone. HI (D = 1.7) see (1).] 

[The corresp methyl ether, viz., 2-chloro-4-methoxy benzoic acid (2>chloro-p-anisic 
acid), m p 208® (2) (3), has been obtd. indirectly from 2-chloro-4-methoxybenzaldehyde 
[Beil VIll-81] (2) or from 2-cliloro-4-methoxytoluene [Beil. VI-402] (3) by KMn04 oxidn. 

(2) (3) 1 

3:4430 (1) Hodgson, Jenkinson, J. Chem. Soc. 1927, 1742. (2) Tiemann, Ber, 24, 712 (1891). 

(3) UUmaun, Wagner, Ann. 355, 368 (1907). 

COOH 

3 : 4435 3-CHLORO-2-METHyLBENZOIC r^CHs CsHtOzCI Beil. IX - 467 
Acm K,- 

M.P. 159® (1) 

156® (2) 

154® (3) 

Colorless ndls. from ale. ; eas. sol ale. 

[For prepn. of C from 3-chloro-2-methylbenzonitrile, m.p. 19® (1), by refluxing with 
20% aq. KOH for 5 hrs. (98% yield) see (1); from 3-chloro-l,2-dimethylbenzena (3:8645) 
on oxidn. with boilg.*^dil. HNO3 (D — 1.20) see (3); from 2-methylbenzoic acid (o-toluic 
acid) (1 : 0690) in CHCI3 in pres of Fe with CI2 (4) or in AcOH with CI2 <2) see indie. refs.J 
Salts: CaA2.2H20, spar. sol. hot aq. (3). 

C on oxidn. with KMn04 gives (3) 3-chlorophthalic acid (3 : 4820) 

3:4435 (1) Noelting, Ber. 37, 1026-102(^(1904). (2) Claus, Bayer, Ann. 274, 310-311 (1893). 
(3) Krttger, Ber. 18, 1758 (1885). (4) Claus, Stapelberg, Ann. 274, 311 (1893). 



O7H6O3CI Beil. S.N. 1069 


3:4444 3,6,6-TRICHLORO- 

2-HYDROXYHYDROQUINONE 

M.P. 160® (1) 



Beil. VI . 1089 
VIi- 

Vl2-(1072) 


Ndls. from C^He. — C cryst. from CeHe or AcOH in solvated form. C is eas. sol. ale., 
ether; spar. sol. pet. ether. 
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[For prepn. of C from 3,5,6-trichloro-2-hydroxybenzoquinone-l,4 (Beil. VIII-238] by 
reduction with aq. SO2 see (1).] 

C dis. in aq. yielding colorless soln. which on htg. develops violet color; C with aq. alk. 
gives deep green color changing to brown (1). 

3,6,6-Trichloro-2-hydroxyhydroqumone trimethyl ether: unroported. 

3,6,6-Trichloro-2-hydroxyhydroquinone triethyl ether: unrcported. 

3,6,6-Trichloro-2-hydroxyhydroqumone triacetate: mils from Igr./CoHe, m.p. 

171® (1). [From G with AC2O + NaOAc on htg. (1).] 

3:4444 (1) Zincke. Schaum, Ber, 27, 557-558 (1894). 

3:4450 OCTACHLOROPROPANE Cl CaCls Beil. I - 108 

(Perchloropropane ) a,c-4-ccia y 

M.P. 160®? (1) B.P. 268-369® at 734 mm. (1) 

White extraordinarily pliable (2) crystals, difficult to filter w'ith suction (because of 
their high vapor pressure (3)) and best purified by fractional distn (3) or slow sublimation 
in vac (2). — Very sol. in ale., ether, or Igr. (1). 

[For prepn. of C (100% yield (3)) from 1,1,1,2,2,3,3-heptachloropropane (3:0200) by 
conversion with MeOH/KGH by loss of HCl to l,l,l,2,3,3-hexachlor()propene-2 (3:6370) 
and subsequent treatment with CI2 below 50® in sunlight see (3) (2) ] [For formn from 
1,2,3-trichloropropane (3:5840) or from isobutyl chloride (3:7135) with excess ICI3 at 
200® see (1).] 

C on htg. at 300® (1 ) or on htg. with AICI3 (2) splits quantitatively (2) into CCI4 (3 : 5100) 
+ tetrachloroethylene (3:5460). 

[For fluorination of C see (3) (4); for use of 0 + Zn for production of smoke see (5) (6).] 

3:4450 (l) Kraflft, Merz, Ber. 8, 1296-1302 (1875). (2) Priiis, J. praU. Chern (2) 89 , 41G-417 
(1914). (3) Henne, Ladd, J. Am. Chem. Soc. 60, 2494 (1938). (4) Honne (to Frigidaire Corp ), 

Brit. 378,324, Aug. 11, 1932; French 730,370, Aug 11, 1932, Cent 1933 , II 1583, C A. 27, 3947 
(1933). (5) M6tivier, Chimie <fe iiidiistrie. Spec. No. 179 (March 1932); C.A 26, 3028 (1932). 

(6) M6tivier, French 649,853, Doc. 28, 1928, Cent. 1931 , I 3424. 


3:4470 2,6-DICHLOROBENZO OUINONE-1,4 

(p-Dichlorobenzoquinone) 


C6H2O2CI2 

O 


Beil. VII - 632 
Vni-(346) 


M.P. 161-162® (1) 

160.4-161,4® (2) 

161° U.C. <3) 

161® (4) (17) (28) 

159® (5) (10) 

158.5® (6) 

158-161® (7) 



[jSee also 2,5‘dichlorohydroquincnie (3:4690).] 

Dark yellow cryst. from ale. or CeHe; insol. aq.; aim. insol. cold dil. ale., eas. sol. boilg. 
abs. ale.; fairly eas. sol. ether or CHCI3. — Volatile with steam; sublimes in vacuum. 

[For prepn. of C from 2,5-dichlorohydroquinone (3:4690) by oxidn. with K2Cr207 or 
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Na2Cr207 + dil. H2SO4 (2) (4) <6) <8) (9) or with cone HNO3 at ord. temp. <5) see indie, 
refs.; from 2,5-dichlorohydroqiiinonc dimethyl ether with fumg. HNO3 in the cold see (1); 
from 2-chlorobenzoquinone-l,4 (3:1100) via conversion with HCl to 2,5-dichlorohydro- 
quinone (3:4690) and subsequent oxidn. of latto see (5) (17); from 2,5Hlichloroaniline 
[Beil. XII-625, XIIi-(311)] with CrOa (5) or from 2,5-dichloro-p-phenylenediamine [Beil. 
XllI-1181 with CrOs (10) or K2Cr207 -f- dil. H2SO4 (28) see indie, refs.; for formn. of C 
from benzoquinone-1,4 (1:9025) in CCI4 with ICl on gentle warmg. see (3); from benzene 
with CIO2 see (11); from copper salt of quinic acid [Beil. X-535, Xi-(270)] by oxidn. with 
MnOg + NaCl + H 2 SO 4 sec (12) ] 

[For study of oxidn -reductn. potential of system C + 2,5-dichIorohydroquinone (3:4690) 
see (6) (13) (14).J — [For use as vulcanization accelerator see (15); for use in prepn. of 
eurhodol dyes see (16); for study of bactericidal actn. see (18).] 

[C is sol. in cone. 112^04 with greenish-yellow color, in dimethylaniline with deep blue 
color (19); C is sol. in dil. aq. alk. with brown color and decomposition (11) (12).J 

[C with KCN in 85% McOH gives (20) a ruby-red soln. with red fluorescence; C with 
diphenylketene in ether + pct. eth. gives a compound, m.p. 180-192° dec. (21).] 

C in aq reduces with SO2 (12) to 2,5-dichlorohydroquinone (3:4690) q.v. (note that 
the intermediate quinhydrone, dark violet pr. or greenish-black ndls. with 2 H2O (12), 
crystal water lost over H2SO4 or on warming giving yellow anhydrous form, m.p. 140-145° 
(22), is known) ; however, C in dil aq. NaOH (under N2) treated wdth SO2 is in part reduced 
to 2,5-dichlorohydroquinone (3:4690) and in part sulfonated to mono- and disulfonic 
acids of C (23). 

[C in CHCI3 at low temps, does not react with CI2; at ord. temps., however, yields tetra- 
chlorobenzoquinono-1,4 (chloranil) (3:4978) (24). — C in AcOII at 70-80° with 2 moles 
Br2 gives (aim quant, yield (4)) (25) (9) 2,5-dichloro-3,6-<iibromobenzoquinone-l,4 [Beil. 
VII-642], golden-brown tbls. from CeHe, m p. 292° (4).] 

[C with cone. HCl gives on boilg. (5) 2,3,5-trichlorobenzoquinone-l,4 (3:4672), but 
some tetraclilorobenzoqumone (chloranil) (3 *4978) is also formed.] 

C (1 pt.) in AC2O (5 pts.) -f- AcOH (5 pt-s.) loses color on boilg. with Zn dust (1) and 
yields (by reductive acylation) 2,5-dichlorohydroquinonc diacetate, cryst. from ale , m.p. 
141° (1). 

C (I pt ) in hot AcOn (40 pts.) -f- cone. HCl (0 4-0.5 pt ) treated with aniline (0.4-0.5 
pt.) yields mainly (26) 2,5-dichloro-3-anilinobenzoquinono-l,4 [Beil. XIV-137], blue Ifts., 
m.p 180° (26), and 2,5-dichlorohydroquinone (3: 4690) accompanied by small amts, of 

2.5- dichloro-3,6-dianilinobenzoquinone-l,4 (see below); C htd. with excess aniline 3rields 
(26) 2,5-dichloro-3,6-dianilinobenzoquinone-l,4 [Beil. XIV-144], yel.-br. tbls. from CeHe, 
m.p. 290° (26), and 2,5-dichlorohydroquinone (3:4690) 

[C in CeHe -f ale. warmed with slightly more than 1 mole NH2OH.HCI yields (8) (27) 

2.5- dichlorobenzoquinone-l,4 monoxime (2,5-dichloro-4-nitrosophenol) [Beil. VII-633I, 
pale yel. cryst from CeHe, m.p 155-160° (8) (purified by conv. with AC2O -f NaOAc to its 
acetate, yel. pr from CeHe, m.p. 149° (8), and subsequent hydrolysis with NaOH) — C in 
ale. with excess NH2OH.HCI yields (27) 2,5-dichIorobenzoquinonc-l,4 dioxime, grayish 
yel. cryst. from CeHe, m p. not stated (27).] 

3:4470 (1) Kohn, Giirewitsch, Monatsh. 56 , 1.35-136 (1930). (2) Hammick, Hampson, Jenkins, 

J. Chem. Soc. 1938 , 1264. (3) Jackson, Bolton, J Am. Chem. Soc. 36 , 1484 (1914). (4) Ling, 

J. Chem. Soc. 61 , 558-559, 563-566. 572-576 (1892). (5) Levy, Schultz, Ann. 310 , 150-153 

(1881). (6) Conant. Fieser, J. Am. Chem. Soc. 46 , 2205-2206 (1923). (7) Pfeiffer, Ann. 413 , 

292-293 (1916). (8) Kehrmann, Grab, Ann 303 , 12-14 (1898). (9) Hantzsch, Schniter, Ber. 

30 , 2279-2282 (1887). (10) Mohlau. Ber. 19 , 2010 (1886). 

(11) Carius, Ann. 143 , 316 (1867). (12) Stadeler, Ann. 69 , 309-312 (1849). (13) Hunter, 

Kvalnes, J. Am. Chem. Soc. 64 , 2874-2875, 2878 (1932). (14) Kvalnes, J. Am. Chem. Soc. 66 , 
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667-670 (1934). (15) Fisher (to Naugatuck Chem. Co.), French 740,978, Feb. 3, 1933; Cent 

1983, I 3133. (16) Herzberg, Hoppe (to A.G.F.A.) Ger. 368,171, Feb. 3, 1923; CerU. 1923, 
II 1187. (17) Den Hollander, ^ec. trav. chim. 39, 482 (1920). (18) Morgan, Cooper, J. Soc. 

Chem. Ind. 43-T, 352-354 (1924). (19) Pfeiffer, Bottler, Ber. 61, 1828-1829 (1918). (20) 

Eichter, Ber. 44, 3472 (1911). 

(21) Staudinger, Bereza, Ann. 380, 261-262 (1911). (22) Ling, Baker, J. Chem. Soc. 63, 

1319-1321 (1893). (23) Dodgson, J. Chem. Soc. 1930, 2498-2502. (24) Oliveri-Tortorici, 
Gaez. chim. ital 27, II 585-586 (1897). (25) Levy, Ber. 18, 2367-2368 (1885). (26) Niemeyer, 

Ann. 228, 329-334 (1885). (27) Kehrmann, Ber. 21, 3319 (1888). (28) Nason, J. Am. Chem. 

Soc- 40, 1605 (1918). 
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O 



C 14 H 7 O 2 CI 


Beil. Vn - 787 
Vni-(409) 


M.P. 164® 

163-163® 
163.5® cor. 
163® cor. 

163® 

161-163® cor. 


(1) 

M.P. 161' cor. (12) 

<2> 

(eontd.) 161° (13) 

(3) 

160.4-161.0° (14) 

(4) (6) (6) 

160° (15) (16) 

(7) (8) (9) (10) (11) 

159.6°-160° (17) 

(3) 

159° (18) 


[See also 2~chloroanihraquinone (3:4922).] 


Yellow ndls. from CeHe, toluene, or ale.; cas. sol. CgHs, toluene, AcOH, nitrobenzene, 
or AmOH on htg.; spar. sol. ale. or Igr. 

[For f.p/compn. data and diagram of system C + 2-chloroanthraquinone (3:4922) 
(eutectie, m.p. 143.9-144.2®, eontg about 25% C) see (14).] 

[For use in coloring oils, fats, and waxes see (19); C is very widely used as intermed. in 
prepn. of many dyestuffs, but no general summary can be given here although selected 
examples occur in the following text.] 

[For prepn. of C from potassium salt of anthraquinonesulfonic acid-1 [Beil. XI-336, 
XIi-(81)] by htg. with strong HCl + NaClOa (yields: 97-98%, (3), 95% (4)) at 100® (3) 
(4) (10) (6) (8) (for use of this method in detn. of mixt. of anthraquinone-a- and /3-sulfonic 
acids or their salts by f.p./compn. curve of resultant mixt. of C + 2-chloroanthraquinone 
(3:4922) see (4)) or by actn. of CI2 at 100® (20) see indie, refs.; from anthraquinonesulfonic 
acid-1 (9) or its Na salt (15) in dil, HCl on exposure to light see indie, refs.; from anthra- 
quinonecarboxylic acid-1 with HCl + KCIO3 in s.t. at 200® for 12 hrs. see (22); from Na 
salt of anthracenesulfonic acid-1 [Beil. XI-194, XIi-(44)] with HCl -f NaClOa at 100® 
see (21); from 1-chloroanthraquinonesulfonic acid-5 by electrolysis of alk. soln. see (23); 
from K salt of anthraquinonesulfonic acid-1 (see above) (24) or from anthraquinonesulfonyl 
chloride-1 (5) by htg. in s.t. with SOCI2, or from 1-anthraquinonylarsinic acid by 10 hrs. 
reflux with SOCI2 (67), see indie, refs.] 

[For prepn. of C from 2-benzoyi-3- (or 6)-chlorobenzoic acid by ring closure with cone. 
H2SO4 see (7) (25).J 

[For prepn. of C from 1-aminoanthraquinone (see below) via diazotization and use of 
CU2CI2 reactn. see (26); from 1-nitroanthraquinone [Beil. VII-791, VIIi-(415)] with CI2 
in trichlorobenzene soln. at 160-165® see (27); from 1-hydroxyanthraquinone [Beil. VIII- 
838, VIIIr(fl50)] with PCI5 in boilg. nitrobenzene see (28).] 
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[C on htg. with cone. H2SO4 at 200-206® for 9 hrs. rearr. (29) to 2-chloroanthraquinone 
(3:4922).] 

[C on reductn. with Zn dust + coric. aq. NH4OH under reflux yields (30) 1-chloroanthra- 
cene [Beil. Vi-(324)], colorless Ifts. from AcOH, m.p. 81-82® (2), 79® (30). — C on reductn. 
with hydrazine hydrate in MeOH/KOH at 10 atm. and 135° for IH hrs. in pres, of Pd/ 
CaCOa followed by access of air to the prod, gives (87% yield (31)) anthraquinone (1 :9095). 

— C on reductn. with A1 powder + cone. H2SO4 (32) (33) (6) (3-^ yields 1-chloroanthrone- 
9, yel. ndls. from CHCI3 + It. pet., m.p. 118® (32), 114° (6); C on reductn. with Sn -f 
HCl in AcOH contg. PtCU, however, gives the isomeric 4-chloroanthrone-9, yel. ndls. from 
CHCI3 + It. pet., m.p. 118° (32) (note that although these two isomeric chloroanthrones 
have the same m.p. yet each depresses the m.p. of the other (32) and the earlier prod, of 
m.p. 106® (33) may have been a mixture). — For studies of oxidn.-reductn. potential of 
C see (12) (17).] 

[C with MeOH/KOH at 80° yields (35) l-methoxyanthraquinone [Beil. VIII-339, 
VIIIi-(651)], m.p. 169.5® — C with 2-hydroxyanthraquinone + NaOAc + Cu powder in 
boilg. nitrobenzene gives (36) l,2'-dianthraquinonyl ether [Beil. VIlI-343], but m.p. is 
not reported. — C with K xanthate -h Cu powder boiled for 24 hrs. in AmOH or C with 
alk. trithiocarbonate in boilg. nitrobenzene (40) gives (64% yield (37)) di-(l-anthraqui- 
nonyl) sulfide, red pr. from pyridine, m.p. 321.5® (37) (for disulfide see below). — C with 
thiosalicylic acid (2-mercaptobenzoic acid) + solid KOH htd. in AmOH at 150® for 7 hrs. 
gives (96% yield (38)) <8- (l-anthraquinonyl) thiosalicylic acid [Beil. Xi-(55)], or.-yel. 
tbls. from ale., m.p. 261° cor. (.38); this prod, on htg. with PCls in nitrobenzene gives 
(98% yield (38)) 3,4-phthalylthioxanthone (Beil. XVIIi-(290)l, or.-red Ifts., m.p. 346® 
cor._(38).] 

[C with NaOH -f glycerol htd. at 190° is claimed (39) to yield anthraquinone (1:9095). 

— C on boilg. with aq. ale. Na2S (41) or Na2Sx (42) yields l>mercaptoanthraquinone (Beil. 
VIII-341, VIlIi-(652)], yel. ndls. from AcOH, m.p. 187° (41); this prod, on oxidn. by air 
(43) or with K3Fc(CN)6 (44) or FeCla (45) readily yields di-(l,l'^ianthraquinonyl) di- 
sulfide, m.p. 359® (45), also obtd. from C with Na2S -f S in boilg. ale. (46) (43) (42) or 
from C -|- K thiobenzoate in boilg. AmOH (80% yield (48)). — C with K2Se in dil. ale. 
at 80° gives (47) l-selenomercaptoanthraquinone, or.-red Ifts. from AcOH, m.p. 212°, and 
also di-(l-anthraquinonyl) diselenide.j 

[C with cone. aq. NH4OH in pres of Cu salts under press, at elevated temp, gives (49) 
(50) (57) in aim. quant, yield 1-aminoanthraquinone [Beil. XIV-177, XIVi-(436)l, red 
ndls., m.p. 242°. — Countless other analogous combinations of C with prim, and sec. 
amines cannot be included here; however, note that C with 1-aminoanthraquinone (above) 
-h NaOAc -f CuCl2 htd. in nitrobenzene yields (52) cf. (61) di-(l-anthraquinonyl)amine 
[Beil. XIV-180, XIVi-(439)], the prototype of a large group of dyes and dye intermediates 
(for amplification of this topic see (53)). — C with hydrazine hydrate -|- pyridine refluxed 
for ^ hr. gives (76% yield (54)) 1-hydrazinoanthraquinone [Beil. XVi-(199)], dark br. 
Ifts. from xylene, m p. 208.5° cor. (54). — For reactn. of C with NH2OH.HCI in s.t. at 180° 
see (1).] 

[For condens. of C with p-aminoazobenzene (54) or with morpholine (60) and use of 
prods, as dyes for cellulose acetate soe indie refs.; for condens. of C with phthalonitrile 
in pres, of AICI3 for prepn. of dyestuffs see (65).] 

[C with Cu powder at 290-300° or in boilg. nitrobenzene for 3 hrs. gives (75% yield (66)) 
6w-l,l'-anthraquinonyl [^il. VIl-903, VIIi-(494)l, yel. or yel.-br. cryst. from nitrobenzene, 
m.p. 435° u.c. on Maquenne block (56); note, however, that in the pres, of NaOAc anthra- 
quinone (1 : 9096) results (56). — C with 4 moles CeHsMgBr in boilg. ether for 4 hrs. gives 
(51% yield (58)) (57) l-chloro-9,10-diphenylanthracene, yel. powder from AcOH, m.p. 
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185® (57), 180-182® (58); a mixt. of this prod, with corresp. prod. (m.p. 193®) from 2- 
chloroanthraquinone (3:4922) has m.p. 152-160® (58).] 

[For formn. of addn. cpds. of C with SbCla in CHCU* see (16) (18); for formn. of 1-anthra- 
quinonylpyridinium chloride from C + AICI 3 in pyridine see (59).] 

[C on mononitration by soln. in 10 wt. pts. cone. H 2 S ()4 and addn. of HNO 3 /H 2 SO 4 as 
directed (61) (62) gives (30% yield (61)) l-chloro-4-nitroanfchraquinone [13eil. VII-792, 
VIIi-(415)], cryst. from AcOH, m.p. 260-261® (63), 259® (61); note that l-chloro-2-nitro- 
anthraquinone (prepared by indirect means) has m.p. 257-258® (63). — For study of 
kinetics of nitration of C see (64).] 

[C on monosulfonation, c.g., with fumg. H 2 SO 4 ( 20 % SO 3 ) at 160® for 4 hrs. (65) ( 66 ), 
yields a mixt. of about equal parts of two monosulfonic acids eas. separable via their sodium 
salts; VIZ , l-chloroaiithraquinonesulfonic acid -6 (Na salt less sol. boilg. aq , corresp. 
sulfonyl chloride, pale ycl. pr. from Igr., m.p. 207-208® dec.) and 1-chloroanthraquinone- 
sulfonic acid-7 (Na salt more sol. boilg. aq , corresp. sulfonyl chloride, lemon-yel. pi from 
CfiHe, m.p. 200 - 201 ° dec.); the m.p. of mixts. of the two sulfonyl chlorides is depressed 
below 180® (65). — C on sulfonation in the pres, of Hg salts but otherwise as above yields, 
however, a different result as the principal prod, is l-chloroanthraquinonesulfonic acid-5 
(corresp. sulfonyl chloride, yel. pi. from toluene, m.p. 243-244® dec. (65) ( 66 )), accompanied 
by 1-chloroanthraquinonedisulfonic acid-4,5. 

3:4480 (1) Ficnch, Achcnbach, Ber. 43. 3255-3256 (1910). (2) Schilling, Bcr. 46, 1066-1009 

(1913) (3) Scott, Allen, Org. KSyntheses, Coll. Vol. 2 (1st cd.), 128-130 (1943), 18, 15-16 (1938). 

(4) Ulliimnn, Ochsner, Ann. 381, 2-6 (1911) (5) Ullmunn, Kertesz, Ber 52, 547 (1919). (6) 

Maki, J. Soc Chem. Ind. Japan^ Suppl. binding, 38, 630-636 (1935); Cent. 1936, II 468. (7) 

Dougherty, Gleuson, J. Am. Chem. Soc. 62, 1025 (1^10). (8) Schwenk, Waldmann, Z angew. 

Chem. 45, 19 (1932). (9) Eckert, Bcr. 60. 1091 (1927). (10) Meyer, Conipt. rend. 184, 610 

(1927). 

(11) Keimatsu, Hiraiio, Tanabe, J. Pharm. 80c. Japan 49, 531-511 (1929); Cent. 1929, 11 
1536-1537; C.A. 23, 4096-4697 (1929). (12) Oonunt, Fieser, J. Am. Chem. Soc. 46, 1873, 1875 

(1924). (13) Muki, Nngai, J. JSoc. Chem, Ind. Japan, Suppl. bind. 38-B, 487 493 (1935); Cent. 
1936, I 4905. (14) Coppens, liec. trao. chim 44, 911-916 (1925). (15) Eckert, Ber. 68, 318 
(19251. (16) Brass, Tenglcr, Bcr. 64, 1660 (1931). (17) Baker, Adkins, J. Am. Che7n. Soc 62, 

3306 (1940). (18) Brass, Eichler, B(r. 67, 783 (1934). (19) du Pout, Brit. 432,867, Sept. 5, 

1935; Cent. 1936, II 3996. (20) Bayer and Co., Ger. 205,195, Dec. 28, 1908; Cent. 1909, I 414. 

(21) B.A.S.F., Ger. 228,876, Nov. 25, 1910; Cent 1911, 1 102. (22) Day, J. Chem. Soc. 1939, 

318. (23) British Dyestuffs Corp. & Hailwood, But. 273,043, July 21, 1927, French 626,669, 

Sept. 16, 1927; Cc?it. 1928, II 2286. (21) M L.B., Ger 267,544, Nov. 20, 1913, Cerit 1914, I 

89. (25) Imperial Chem. Ind. Ltd. and I^oveluck, Thomson & Thomas, Brit. 356,728, Oct. 8, 

1931; French 718,333, Jan. 23, 1932. (26) Bayer and Co., Ger. 131,538, May 23, 1902; Cant. 

1902, I 1342. (27) B.A.S.F., Ger. 252,578, Oct. 23, 1912; Cent. 1912, II 1708. (28) A.G.F.A., 

Ger. 290,879, March 21, 1916; Cent. 1916, I 686. (29) Atack, Clougl>, Brit. 169,732, Nov. 3, 

1921; Cent. 1922, IV 377. (.30) Fischer, Ziegler, J. praht. Chem. (2) 86, 293 294 (1912). 

(31) Busch, Weber, Zink, J. prakt. Chem. (2) 155, 167 (1940). (32) Barnett, Matthews, 

J. Chem. Soc. 123, 2552-2553 (1923). (33) Eckert, Tomaschek, Monatsh 39, 847 (1918). (34) 

Cook, J. Chem. Soc. 1928, 2805. (35) Buyer and Co., Ger. 229,310, Doc. 13, 1910; Cent. 1911, 

I 180. (36) M.L.B., Ger. 216,268, Nov. 11, 1909, Cent. 1909, I 2104. (37) Perkin, Sewell, 

J. Chem. Soc. 123, 3039-3040 (1923). (38) Ullmann, Knecht, Ber. 44, 3126-3127 (1911); Ger. 

238,983, Oct. 7, 1911; Cent. 1911, II 1289. (39) Oda, Tamura, Mueda, J. Soc. Chem. Ind. Japan, 

Suppl. binding, 41, 193-195 (1938); Ceiit. 1939, I 1360; C.A. 32, 7447 (1938). (40) Bayer and 

Co., Ger. 272,298, March 26, 1914; Cent. 1914, 1 1387-1388. 

(41) Bayer and Co., Ger. 206,536, Feb. 4, 1909; Cent. 1909, I 1059. (42) Bayer and Co., Ger. 
204,772, Dec. 3, 1908; Cent. 1909, I 601. (43) Fries, Schlirmann, Ber. 52, 2176-2177 (1919). 

(44) Gattermann, Ann. 393, 137-138 (1911). (45) Ullmann, Eiser, Bar. 49, 2164 (1916). (46) 

Fries, Ber. 45, 2967, Note (1912). (47) Bayer and Co., Ger. 264,941, Sept. 25, 1913; Cent. 1913, 

II 1351. (48) Ullmann, Junghans, Ann. 399, 352 (1913). (49) Thomas, Davies, & Scottish 

Dyes, Ltd., Brit. 173,006, Jan. 19, 1922; Cent. 1922, IV 948. (50) Williams (to Dow Chem. Co.). 

U.S. 1,775,360, Sept. 9, 1930; Cent. 1931, II 1195. 

(51) Groggins, U.S. 1,892,302, Dec. 27, 1932; Cent. 1933, II 1764; C.A. 27, 1893 (1933); U.S. 
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1,923.618. Aug. 22, 1933; Cent. J933, II 2894; C.A. 37, 5339 (1933). (52) Bayer and Co., Ger. 

162,824; Oct. 4, 1905; Cent. 1905, II 1206. {53) Houbcn, Fischer “ Das Anthracene und die 

Anthraquinone,” published by G. Thieme, Leipzig, 1929, pp. 463-470. (.54) Imperial Chem. 

Ind., Bnt. 478,665, Feb. 17, 19.38, Cent 1938, I 4723, C.A. 33, 5223 (19.38). (55) I.G., Brit. 

466,194, June 17, 1937; French 813,180; May 27, 1937; Cent. 1937, II 4394. (56) Ullmann, 

Minaev, Ber. 45, 687, 689-690 (1912). (57) Barnett, Cook, Wiltshire, J. Chem. Soc. 1937, 

1728. (58) E. Bergmarin, O. Blum-Bergmann, J. Am. Chem. Soc. 59, 1440 (1937). (59) Miegs, 

Heidenrcich (to I G.), Ger. 593,671, Maich 5, 1934; Cent. 1934, II 848. (60) Imperial Chem. 

Ind. Ltd., Hailwood, Tatum, Bnt. 317,5.55, 8ept 12, 1929; Cent. 1930, I 2804. 

(61) Eckert, Steiner, MormUih 35, 1131-1132, 1138-1139 (1914). (62) Bayer and Co., Ger. 

137,782, Dec. 15, 1902, Cent 1903, I 108. (63) Kopotschni, Ger. 363,930, Nov. 15, 1922; Cent. 

1933, II 1029-1030. (61) Oda, Ueda, BuU. Inst. Phy.H.-'Chem. Research Tokyo 30, 335-342 (1941) ; 

C.A. 36, 4814 4815 (1942). (65) Goldberg, J. Chem. Soc 1931, 1773-1774, 1779-1780. (66) 

Thorpe, Goldberg, Brit. 373,127, June 16, 1932; Cent. 1933, II 1765-1766. (67) Steinkopf, 

Schmidt, Ber. 61, 677 (1928). 

3 ; 4485 2,3,6-TRICHLOROBENZOIC 
ACID 


M.P. 163*^ (1) 

163° (2) (3) 

Ndls. from hot aq. (2). — Not volatile with steam. — Very spar. sol. cold aq. but sol. 
in org. solv. 

[For prepn. of C from 2,3,5-trichIoiotoluene (3.0610) by oxidn. with 20% HNO3 in 
s.t. at 140° see (2); from 2,3,5-trichlorobenzaldehyde (3:1060) by oxidn. with KMn04 
sec (3); for jirepn. from cornvsp nitnle bv hydrolysis see (1) ] 

C on soln in warm fuing. HNG3 readily yields a monoiiitro cpd., 2,3,5-trichloro-x- 
nitrobcnzoic acid, cryst from ale , m p. 158° (1) 

C with excess POls yield.s (1) 2,3,5-trichIorobenzoyl chloride, cryst. from EtOAc, m.p. 
36° (1). 

Methyl 2,3,6-trichlorobenzoate: unrecorded. 

Ethyl 2,3,6-trichlorobenzoate: oil. [From C -f- ale. + HCl (1).] 

(g) 2,3,6-Trichlorobenzamide : from 2,3,5-trichlorobenzoyl chloride -f (NH4)2C03; ndls. 

from dll. AcOH, m p. 204-205° (1) 

2,3,6-Trichlorobenzanilide; unrecorded. 

3:4485 (1) Matthews, J. Chem. Soc. 79, 43-49 (1901) (2) Cohen, Dakin, J. Chem. Soc. 81, 

1331 (1902). (3) Hodgson, Beard, J. Chun, Soc. 1927, 2382. 

O 



3 : 4493 6-CHLORONAPHTHOQUINONE-l,4 

M.P. 163° (1) 



C 10 H 5 O 2 CI Beil. S.N. 674 


I, 


Yellow ndls. from ale. or Igr. — Sublimes undecomposed. — Fairly eas. sol. AcOH or 
Igr.; moderately sol. ale.; spar. sol. aq. 

[For prepn. of C from 5-chloro-l ,4-diaminonaphthalene (5-chloronaphthylenediamine- 
1,2) by oxidn. of its hydrochloride with FeC'ls see (1).J 

[C with aniline (no details) gives (1) 2(3?)-anilino-5-chloronapthoquinone-l,4, red 
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bronzy ndls. from AcOH, m.p. 219° (1); note also that C with aniline boiled for 1 hr. gives 
(1) a halogen-free cpd., dark violet cryst. from ale., m.p. 140°, but its structure has not 
been determined.] 

3:4492 (1) Fries. Kohler. Ber. 57. 504-505 (1924). ^ 

3 : 4496 l,l,2,2-T£TRACHLORO-l,2- 
DIPHElSryLETHANE 
(a,a,a',a'-Tetrachlorobibenzyl ; 
tolane tetrachloride) 

M.P. 163° (1) (2) <3) 

162-163° (4) 

162° (5) (6) 

161-162° (7) 

161.5° (8) 

161° (9) 

Colorleas cryat from AcOH, pet. ether, CeHs, or toluene. — Eas. sol. boilg. CgHe,* moder- 
ately sol. hot but spar. sol. cold pet. ether; spar. sol. ale. or ether. 

C with <rans-tolane dichloride (3:4210) forms an isomorphous mixt. (8) formerly er- 
roneously regarded as an individual cpd. designated as ditolane hexachloridc.” 

PREPARATION OF C 

From Dinuclear Initial Materials 

[For prepn. of C from benzil (1:9015) with excess PCls (32% yield (10)) in s.t. at 200° 
for 6-7 hrs. (5), or from ms-dichlorodesoxybenzoin (“ chlorobenzil [Beil. VII-436, 
VIIi.(234)] with PClfi in s.t. at 200° (11) in POCI3 soln. (100% yield (12)) cf. (5), see indie, 
refs.; from diphenylacetylene (tolane) [Beil. V-666, Vi-(319), V2-(668)] in CHCI3 at 0° 
(13) or from either cw-(3: 1380) or /raw«-(3:4210) tolane dichloride (9) with CI2 see indie, 
refs.] 

From Mononuclear Initial Materials 

From benzotrichloride. [For prepn. of C from benzotrichloride (3:6540) by reduction 
in ale. with H2 + colloidal Pd (75% yield (4)) or H2 + Pd/BaC03 (14) in alc.-alkali, or 
by htg. with Cu powder at 100° (6) or in CeHe under reflux for 4 hrs. (30-36% yield (5)) 
(1) cf. (10), see indie, refs.; for formn. of C from benzotrichloride (3:6540) with excess 
dilute (0.2 N) MeMgCl in ether (7), with EtMgBr (3) or C6H5MgBr (3), or by pyrolysis 
over hot Pt (15), or by htg. with Ni in atm. of CO2 (16) see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

[C on reduction with cone. HI -j- P (1) or with H2 in alc.-alk. -j- Pd/CaCOs (14) gives 
bibenzyl (1:7149), m.p. 52°.] 

[C on removal of two adjacent chlorine atoms with Fe powder in boilg. AcOH (12) cf. 
(5), with Cu powder at 160° (6), with excess cone. (2 N) MeMgCl in ether refluxed 4 hrs. 
(7), with H2 + hydrazine hydrate in MeOH/KOH 1^ hrs. at b.p. (17), or with Zn dust 
in boilg. ale. (18) (5) (2) (10) gives either or both irans^ (3:4210) and (3:1380) tolane 
dichlorides; note that use of insufficient Zn gives (8) cf. (5) (10) the cis-tolane dichloride 
(3:1380) + an isomorphous mixt. of C + frorw-tolane dichloride (3:4210).] 
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[C with Na/Hg in ale. gives (11) diphenylacctylene (tolane) (see ref. above), some stil- 
bene (1 : 7260) and bibenzyl (1 : 7149) ^so ^ing formed (2). C on htg. with Zn dust gives 

(2) stilbene (1 : 7250). J 

[C is very resistant to hydrolysis and is unattacked by H 2 O, ale., or AcOH in s.t. at 
200° (2); note, however, that C with AcOH in s.t. at 230-250° or with H 2 SO 4 at 166° is 
claimed (2) to give benzil (1:9015).] 

[C is very resistant to action of boilg. HNO 3 ( 2 ); note, however, that p,p'-dinitrotolane 
dichloride, m.p. 264-265° dec., has been prepd. indirectly (19) (from p-nitroben 2 al(di)- 
chloride with acetone + KOH).] 

[C with anhydrous HF at 100° yields (20) l,2-difluoro-l,2-diphenylethylene, m.p. 122- 
123° (20); however, C with HF in pres, of HgO gives (20) l,2-dichloro-l,2-difluoro-l,2- 
diphenylethane, m.p. 128-130° (20).] 

3:4496 (1) Hanhart, Bcr. 16, 901 (1882). (2) Liebermann, Homeyer, Ber. 12, 1971-1973 (1879). 

(3) Sanna, Rend, seiminar faciUa act. univ. Cagliart 5, 76-81 (1935) , Cent. 1937, II 2345; C.A. 33, 

6833 (1939). (4) Borsche, HeimbUrger, Ber. 48, 458 (1915). (5) Blank, Ann. 248, 21-25, 33-34 
(1888). (6) Onufrowicz, Ber. 17, 833-835 (1884). (7) Fuson, Ross, J. Am. Chem. Soc. SB, 

722-723 (1933). (8) Marckwald, Karezag, Ber. 40, 2994-2996 (1907) (9) Davidson, J. Am. 

Chem. Soc. 40, 399 (1918). (10) Eiloart, Am. Chem J. 12, 231-232 (1890). 

(11) Zinin, Compt. rend. 67, 720 (1868); Ann. 149, 375 (1869). (12) Lachowicz, Ber. 17, 
1164r-1165 (1884). (13) Redsko, J Russ. Phya.-Ckem. Soc. 21, 426 (1889); Ber. 22, Referate 
760 (1889). (14) Busch, Stove, Ber. 49, 1067-1068 (1916). (15) Loeb, Ber. 36, 3060-3061 
(1903). (16) Korezynski, Reinholz, Schmidt, Roezniki Chem. 9, 731-740 (1929); C.A. 24, 1868 
(1930). (17) Busch, Weber, J. prakt Chem. (2) 146, 51-52 (1930). (18) Zinin, Ber. 4, 289 
(1871). (19) Olivier, Weber, Rec. trav. chim. 63, 889-890 (1934). (20) Balon, Tinker (to du Pont 
Co.), U.S. 2,238,242, AprU 16, 1941; CerU. 1942, 1 2328; [C.A. 36, 4779 (1941)]./- 



CHAPTER XI 

DIVISION A. SOLIDS 

(3:4500-3:4999) 


3 : 4500 2,3,6-TRICHLOROBENZOIC 
ACID 

M.P. 163-164° ( 1 ) 

163-165° (2) 


Cl 



COOH 


C 7 H 3 O 2 CI 3 Beil. rX - 345 

Ki- 


Cryst. from aq. (1). 

[For prepn. of C from 2,.3,6-trichlorotoluene (3:0625) by oxidn. with ITNO 3 see ( 1 ) ( 2 ).] 
No further data on this compd. are lecordi'd 

3:4500 (1) Cohen, Dakin, J. Chem. Soe. 81, 1332 (1902). (2) Feldman, Kopeliowitsrh, Arch. 

Pharm. 373, 494 (1935). 


3 : 4520 2, 3.DICHLORO-2, 3-DIMETHYL 
BUTANE 

(Tetramethylethylene 

dichloride) 


Clh CAh CJI 12 CI 2 

ciij— (^; — c— ciij 
I I 

CI Cl 


Beil. I - 152 

Ii- 
I2 


M.P. 164° ( 1 ) 

160° ( 2 ) 

159-160° (3) 

159° (4) 

Colorless cryst. (from ale. ( 1 )) with camphoraceous odor. — Readily sublimes in open 
tubes on htg ; eas sol, ale. ether 

[For prepn. of C from tetramethylethylene glycol (pinacol) (1 5805) with fumg. HCl 
{4) or with PCla (5) see (4) (5); for formn. from 2,3-dimethylbutanc (di-isopropyl) (1:8515) 
with CI 2 in pres, of I 2 sec (4) ( 6 ) ] 

C with ale. KOH in s.t. at 130-140° gives <4) mainly 2,3-dimethylbutadicne-l,3 (1:8050), 
b.p. 68.7° (accompanied by unsatd. ethers, b.p. 136-146°) (4). [For study of behavior of 
C with aq. ale. NaOH see (3).] 

3:4520 (1) Kahovee, Wagner, Z. physik. Chem. B-47, 53 (1940). (2) Sehorlernmer, Ann. 144, 

186-187 (1867). (3) Tishchenko, J. Gen. Chem. {TJ.S.S.R) 9, 1380-1.38S (1939); <7.^4. 34, 1611 

(1940). (4) Kondakow, yrakt. Chem. (2) 62, 16i>-174 (1900). (5) Couturier, Ann. chim. 

(6) 26, 443-444 (1892). (0) 8ilva, Ber. 6, 36 (1873). 


3:4545 2,4,6.TRICHLOROBENZOIC 
ACID 


Cl 



COOH 


C7H3O2CI3 


BeU. IX - 345 
IXi- 


M.P. 164° ( 1 ) M.P. {contd.) 160-161° (3) 

162° (2) 160° (4) <5) 

Long ndls. from hot aq. (4); cryst. from CeHe + pet. eth. — Eas. sol. ale., ether, or 
CHCI 3 (5). 


410 
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SOLIDS 


3:4545-3:4560 


[For prepn. of C from 2,4,6-trichloroaniline [Beil. XII-627] via conversion by diazo reactn. 
to 2,4,6-tnchlorobenzonitrile, m.p. 77.5° {1>, 75° (6), thence to 24,6-trichlorobenzamide 
(see below) and hydrolysis of latter sec (1) (4) (5) (2) <12), for prepn. of C from 2,4,6- 
trichlorotoluene (3:0;M)) by oxidn. with HNO3 see (3).] 

C on soln. m 5 pts. cone. HNO3 yields (1) 2,4,6-trichloro-3-nitrobenzoic acid [Beil. IX- 
405], cryst. from OHCL, m p. 169 2° (1). 

C with PCI5 (5) (73% yield (2)) or with SOCI2 + pyridine (7) gives 2,4,6-trichlorobenzoyl 
chloride, b.p. 272° (5), 107 107.5° at 6 mm. (2), 120.1-120.4° at 3 mm. (7). — This acid 
chloride is very stable to aq (5) and is alleged to give no ester with MeOH (5). [Note, 
however, that with EtOH reactn is 99% complete in 1 min {7).] [Fo^* study of reactn. 

of 2,4,6-trichlorobenzoyl chloride with MeMgCl (<S) or MeMgBr (12) giving (50% yield 
(2)) di-(2,4,6-trichlorobenzoyl) methane, m.p. 160-161°, sec (8), with MeMgBr giving 
2,4,6-trichloroacetophcnone, m.p 51° (H) (14), sec (8); with CoHc -f- AICI3 yielding 2,4,6- 
triclilorobenzophenone, m.p. 103 5°, see (9) ] 

Methyl 2,4,6-trichlorobenzoate: unrecorded. [C + MeOH + HCl yields no ester 

<4) (10) ] 

Ethyl 2,4,6-trichlorobenzoate: unrecorded. (C + EtOH -f HCl yields no ester 

{5)1 

(g) 2,4,6-Trichlorobenzamide: m p. 181° (1 ), 177° (6). [This amide has not been recorded 
as prepd. from the acid chloride* NIL; it has been obtd. only by partial hydrolysis 
(11) (6) (1) of 2,4,6-trichl()robenzonitrile (see above)] [The amide itself is only 
slowly hydrolyzed to C by 75% H2SO4 at 160° (6), but for conversion to C via HNO2 
see (11)0) (2).] 

(g 2,4,6-Trichlorobenzanilide : from 2,4,6-triclilorobenzoyl chloride + aniline (12), 
ndls., m.p. 197° (12). 

3:4545 (1) Montagno, Rec. trav. chim 21, 383-388 (1902) (2) Fuson, Bertetti, Ross, J. Am, 

Chcni. tioc. 54 , 4381 -43S2 (1932). (3) Cohen, Dakin, J Chert} .Soc 81 , 1336 (1902). (4) Meyer, 

Sudborough, Ber, 27, 3151 3152 (1894). (5) Sudborough, J Chem, Soc. 65 , 1030 (1894). (6) 

Sudborough, Jack.son, Lloyd, J (.'hun Soc. 71 , 231-232 (1897). (7) Norii.s, Ware, J. Am Chem. 

Soc 61 , 1418-1420 (1939). (8) Rovs, Fuson, J Am. Chem Soc. 69 , 1508-1510 (1937). (9) 

Montague, Rec trao. chim 26 , 279-280 (1907). (10) Meyer, Ber 28 , 1259 (1895). 

(11) Sudborough, J. Chem. Soc 67 , 602 (1895) (12) Chapman, J. Chem. Soc 1927, 1749. 

(13) Fuson, Van <;^ampcii. Wolf, J. Am. Chem. Soc. 60 , 226(1-2270 (1938). (14) Lock, Bock, 

Bcr. 70 , 925 (1937). 


3 : 4560 2,4-DICHLOROBENZOIC ACID 

Ch 


C 7 H 4 O 2 CI 2 Beil. IX - 343 
.COOH IXi-(141) 


164.3° 

(1) 

M.P. (contd.) 161° 

<7) 

164° 

(2) (3) (4) 

159-160° 

(8) 

163-164° 

(5) 

158° 

(9) 

161.5-168.6' 

’ (6) 

156-158° 

<10) 

161-168° 

(20) 




Cryst. from aq., ale. (3), CeHe or CeHr, + Igr. — Sublimes undccomposed in ndls. (9) 
or Ifts. (10) — Eas. sol. m boilg. aq. or org. solv. (10). 

[For prepn. of C from 2,4-dichlorotoluene (3:6290) by oxidn. with dil. HNO 3 at 140*^ 
(9) (7) (8) or with KMn04 (70% yield (1)) or by electrolytic oxidn. (65% yield (3)) see 
indie, refs.; from 2,4-dichlorobcnzaldehyde (3:18(K)) via Cannizzaro reactn. see (5); from 
2,4-dichloroaniline [Beil. Vll-621] via conversion to and hydrolysis of 2,4-dichloTobenzoni- 
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trile see (4) (5); from 2,4-dichlorobenzotrichloride with 96% H2SO4 see (6) <11) <12); for 
stiU other misc. methods see Beil. IX-342 + IXi-(141).l 
C warmed at 100® with a mixt. of fumg. HNO3 ( D = 1.52) + cone. H2SO4 as directed 
(13) yields 2,4-dichloro-3,5-dinitrobenzoic acid, pr. from dilute ale., m.p. 210-211® (13), 
together with a trace of 2,4-dichloro-l, 3-dinitrobenzene, m.p. 103®, insol. in Na^COs. 
[A mononitrated C, viz., 2,4-dichloro-5-nitrobenzoic acid, cryst. from 30% AcOH, m.p. 
161-163° (11), 162® (18), and 2,4-dichloro-O-nitrobenzoic acid, cryst. from CeHe, m.p. 
189-190° (19), have been prepd. indirectly.] 

C with PCU (14) or SOCI2 (15) (3) yields 2,4-dichlorobenzoyl chloride, b.p. 160® at 
3-4 mm. (14), 152-155° at 30 mm. (16), 91.9-92.5® at 1 mm. (15). [For conv. of this 
acid chloride to 2,4,2',4'-tetrachlorodibenzoyl peroxide see (3).] 

Methyl 2y4-dichlorobenzoate: oil, b.p. 132® at 15 mm., DI® = 1-572 (21). [From 

C by conv. to NaA and htg. with Mel in MeOH for 20 hrs. (73% yield (21))]. 

Ethyl 2,4-dichlorobenzoate: constants unrecorded. [For study of rate of hydrol3rsis 

see (17).] 

2,4-Dichlorobenzamide : unrecorded. 

, 2,4-Dichlorobenzanilide: unrecorded. 

3:4560 (1) Bornwater, Holleman, Rec. irav. chim. 31, 226-230 (1912). (2) Lock, Bock, Ber. 70, 
923 (1937). (3) Fichter, Adler, Hclv. Chim. Acta 9, 286-287 (1926). (4) Gomberg, Cone. 

Ann. 870, 183 (1909). (5) van der Lande, Rec. trav. chim. 51, 103 (1932). (6) Gassmann, 

Hartmann, J. Am. Chem. Soc. 63, 2394 (1941). (7) Wynne, J. Chem. Soc. 1036, 703. (8) 

Cohen, Dakin, J. Chem. Soc. 79, 1129 (1901). (9) Lellmann, Klotz, Ann. 231, 315-316 (1886). 
(10) Krauss, Ber. 37, 221 (1904). 

(11) Villiger, Ber. 61, 2598 (1928). (12) Ger. 234,290, May 4, 1911; Cent. 1911, I 1667. (13) 

Borsche, Bahr, Ann. 402, 90-91 (1914). (14) Cohen, Briggs, J. Chem. Soc. 83, 1213-1214 (1903). 
(15) Norris, Ware, J. Am. Chem. Soc. 61, 1418 (1939). (16) B.A.S.F. Ger. 331,696, Jan. 10, 1921 
[C.A. 15, 2102 (1921)]. (17) Blakoy, McCombie, Sudborough, J. Chem. Soc. 1926, 2863-2868. 

(18) Grimm, Gtinther, Tittus, Z. phyaik. Chem. B-14, 184 (1931). (19) Ruggli, Zoeslin, Heh. 

Chim. Acta 19, 439 (1936). (20) Roberts, Turner, J. Chem. Soc. 1927, 1846. 

(21) Samant, Ber. 75, 1011 (1942). 


3 : 4580 3,6-DlCHLOROPHTHALIC 
ACID 


M.P. 164® (1) 

164° dec. (2) 


Cl 

j^COOH 

ClI^^OOH 


C8H4O4CI2 


Beil. IX - 817 

Ki- 


[See also 3,5-dichlorophthalic anhydride (3:2376).] 

Colorless ndls. or tbls. from aq. HCl; readily sol. in cold ale., ether, or acetone, but 
spar. sol. in CeHe or CHCI3 even on boilg. 

[For prepn. of C from 3,5'dichlorophthalic anhydride (3:2375) on boilg. with aq. see 
(1) (2); from aq. soln. of NH4HA by passing in HCl gas see (1) (2); from 3,5-dichloro-l,2- 
dimethylbenzene [Beil. V-364] (itself obtd. in good yield from dimethyldihydroresorcinol 
(“ methone ’^) (1:0768) with PClg in CHCI3 (2) (3)) by oxidn. with dil. HNOs in s.t. at 
190-200® see (2).] 

Salts. NH4HA, spar. sol. aq., eas. prepd. by mixing aq. solns. of (NH4)2A + C; AgiA, 
* white curdy ppt. from warm aq. soln. of (NH4)2A by addn. of aq. AgNOa. 

Esters. Dimethyl 3-chlorophthalate and methyl hydrogen 3-chlorophthalate are un- 
reported: diethyl 3-chlorophthalate (from Ag2A with EtI in dry ether) is oil, b.p. 312- 
313® at 760 mm. (2); ethyl hydrogen phthalate is unreported. 
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3:4580-3:4600 


C on htg. alone (1) or with AcCl (2) yields 3,5-dichlorophthalic anhydride (3:2375)| 
m.p. 89®. 

3:4580 (1) Waldmann, Schwenk, Ann. 487 , 293 (1931). (2) Crossley, LeSueur, J. Chem. Soc, 
81 , 1636-1537 (1902). (3) Crossley, LeSueur, J. Chem. Soc. 83 , 826-827 (1902). 


3:4600 2,6-DICHLOROHYROQUmON£ 
(m-Dichlorohydroquinone ) 


M.P. 166® (1) 

164® (2) 

163-164® (3) 

163° <4) 

161-162° cor. (7) 
161° <5) 

157-158° (6) 



C6H4O2CI2 


Beil. VI- 850 
VIi-(417) 


[See also 2,Michlorohemoquinone-lt4 (3:3750).] 

Colorless Ifts. from dil. ale.; ndls. from aq. or CcHe. — Sublimes. 

[For prepn. of C from 2,6-dichlorobenzoquinone-l,4 (3:3750) by reductn. with SO 2 
in aq. see (80% yield (5)) (6) (7) (note, however, that the quinone in dil. aq. NaOH under 
N2 with SO2 is in part reduced to C and in part sulfonated to mono- and disulfonic acids 
(8)); from 2,4,6-trichlorophenol (3:1673) in 2 iST H‘‘S04 on electrolytic oxidn. see (4); from 
3,5-dichloro-4-hydroxybenzaldehyde (3:44(X)) in N KOH with H2O2 see (3); from sodium 
benzoquinonc-1 ,4-sulfonate with cone. HCl above 20° in CO2 (below 20° chlorohydroqui- 
nonesulfonic acid results) see (1) (9).] 

[For use of C as antioxidant and gum inhibitor in cracked gasoline see (10); for use in 
aq. petroleum emulsion as insecticidal oil spray sec (11); for use as vulcanization accelerator 
see (18).] 

C on oxidn. with CrOa (12) or with excess aq. FeCh on warming (3) yields 2,6-dichloro- 
benzoquinone-1,4 (3:3750) (the intermediate quinhy drone cpd., brown powder or pr. or 
dark ndls. (5), m.p. 135® (13), may separate with insufficient oxidant). [For studies on 
oxidn. -reductn. jxitential of system: C -{- 2,6-dichlorobenzoquinone-l,4 (3:3750) see 
under latter.] 

[C in cone. H2SO4 with chloral hydrate (3:1270) (2 moles) gives (64% yield (14)) 5,7- 
dichloro-6-hydroxy-2,4-6w-(trichloromethyl)benzdioxin-l,3, colorless pi. from boilg. ale., 
CHCI 3 , CeHfi, or pet. eth., m.p. 114^115° (14).] 

2,6-Dichlorohydroqulnone diacetate: ndls. and pr. from aq. ale., m.p.* 98® (2). 

85-86® on rap. htg., 111-113® on slow htg. (15), 75.5® (7), 66.5° (16). (The reasons 
for these divergences appear never to have been explained.) [From C with AC2O 

(16) (15).] 

® 2,6-Dichlorohydroquinone dibenzoate: colorless ndls. from ale., m.p. 105® (16). 
[From C on htg. with BzCl (16).] 

® 2,6-Dichlorohydroquinone dimethyl ether: m.p. not reported. [From C in dil. aq. 
alk. with Me2S04 (17); this prod, with 3-4 pts. cold fumg. HNO 3 nitrates yielding 

(17) 2,6-dichloro-3,5-dinitrohydroquinone dimethyl ether, colorless cryst. from ale., 
m.p. 121-123® (17).] 
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3:4600 (1) Seyewetz, Compt. rend. 166, 902 (1913). (2) Kehrmann, Tiesicr, J. prakt. Chem. 

(2)-40, 481 (1889). (3) Dakin, Am. Chem. J. 42, 491 (1909). (4) Fichter, Stocker, Ber. 47, 

2016 (1914). (5) Coiiant, Fiescr, J. Am. Chem. Soc. 45, 2202-2204 (1923). (6) Faust, Ann. 149, 

166 (1869). (7) van Erp, Ber. 68, 665 (1925). {8) Dodgson, J. Chem Soc. 1930, 2498-2502. 

(9) Seyewetz, Paris, Bull. 60 c chini. (4) 13, 489-490 (1913). (10) Clarke, Towne (to Texas Co.), 

U.S. 2,023,871, Dec. 10, 1935; Ceyit. 1936, I 2671; C A. 30, 951 (1936). 

(11) Yates (to Shell Development Co), U.S 1,778,240, Oct. 14, 1930; Cent. 1931, I 2799; 
C,A. 24, 6928 (1930). (12) Den Hollander, Rec. trav. chim. 39, 481-482 (1920) (13) Ling, 

Baker, J. Chem. Soc. 63, 1321-1322 (1893). (14) Chattaway, Calvet, J. Chem. Soc. 1928, 

2915, 2918. (15) Ling, J. Chem. Soc. 61, 560 (1892). (16) Levy, Ber. 16, 1445-1446 (1883). 

(17) Kohn, Marljerger, Monatsh. 46, 654-656 (1924). (18) Fisher (to Naugatuck Chem. Co.), 

French 740.978, Feb. 3, 1933; Cent. 1933, I 3134. 


3:4610 6-CHLORO-2-HYDROXYBENZOIC 
ACID 

(6-Ch.lorosalicylic acid) 

M.P. 166° (1) 


COOH C7H6O3CI Beil. X - 104 



Colorless ndls. from aq., grad, turning red in air. — Sol. in aq. and most org. solvents; 
not volatile with steam. 

[For prepn. of C from (>-chloro-2-aminoberizoic acid (O-chloroanthranilic acid) [Beil. 
XIV-366, XIVi-(548)] by diazotization and boilg. with aq. (m-cldorophcnol (3:0255) 
is also formed) see (1).] 

C with FcCla soln. gives violet color. 

For NH4A, KA, BaA2, AgA, all sol. in aq., see (1). 

[The methyl ether of C, viz., 6-cliloro-2-methoxybenzoic acid, m.p. 141° (2), has been 
obtd. indirectly from 2-chloro-6>mcthoxytolucne [Beil. Vl-359] by KMn04 oxidn. (2)] 
[For esterification of C with glycol monoethers and use of prods, as plasticizers see (3).] 

3:4610 (1) Cohn, Mitt. Technol. Geiverh -Mus Wien 11, 178-J82, Cent. 1901, II 925. (2) Ull- 

mann, Panchaud, Ann. 360, 113 (1006) (3) Clrother, DiiVall (to Dow Chem. Co.), U S. 2,234,374 

March 11, 1941; C.A. 35, 3738 (1941), 


3:4612 DI- (/»-CHLOROPHENYL) ACETIC 
ACID 


M.P. 166.0-166.5° U.C. (1) 
163-164° (2) 


(aiHioOsCla 

"CX 

Vn 
Cl 




CTI.COOH 


Beil. S.N. 952 


Colorless cryst. from dil. ale. Neut. Eq. = 281. 

[For prepn. of C from l,l,l-trichloro-2,24H»-(p-chlorophrnyl)eihane (“ DDT **) (3:3298) 
by actiod of excess Ba(0H)2.8H20 in ethylene glycol under reflux for 19-12 hrs. (33% 
yield) see (1); from l,l-dichloro-2,2-6is-(p-chlorophcnyl)ethylene (3:2438) by similar 
treatment (1) or with ale. KOH in s.t. at 150-160° for 24 hrs. (57% yield (2)) see* indie, 
refs.; for prepn. of C from chlorobenzene (3:7903) by condensation with glyoxylic acid 
monohydrate (HO)2CH.COOH in pres, of cone. + fumg. H2SO4 at 20° (18.6% yield) 
see (1).] 

C with KOH in ethylene glycol refluxed 10-12 hrs. loses CO2 giving aim. 100% yields 
(1) of 4,4'-dichlorodiphenylmethane (3:1067), m.p. 66°. 

Note that C is one of the metabolitic prods, obtd. from the urine after administration 
of “ DDT » (3:3298) to rabbits. 
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3:4612 (1) White. Sweeney, U.S. Pvb. Hvalth Repta. 60, 60-71 (1945). (2) Grummitt, Buck, 

Jenkins, J. Am, Chem. Soc. 67, 15G (1945). 

COOH 

3:4615 e-CHLORO-S-METHYLBENZOIC Clr^ C8H7O2CI Beil. IX - 479 

IJcH, 

M.P. 167° U.C. (1) <2) 

163-166° (3) 

Colorless ndls. from aq. or ale. 

[For prepn. of C from 6-chloro-3-methylacetophenone [Beil. VII-307] by oxidn. with 
KMn04 or dil. HNO3 see (1); from /i-chloroethyl f)-chloro-3-methylphenyl ketone (2) by 
oxidn. at 100° with mixt. of eiiual pts. cone. HNOs {D = 1.42) and w'ater see (2); from 
p-chlorotoluene (3. 8287) in CSo with oxalyl (di )c}iloride (3:5060) + AICI3 for 20 hrs. at 
room temp, see {3).J 

[C with 6 ])ts SOCIo gives (aim. quant, yield (3)) 6-chloro-.3-mcthylbenzoyl chloride, 
b.p. 165-167° at 85 mrn. (3).] 

C on oxidn. with KMn04 yields (1) (3) 4-chlorobenzcnodicarboxylic acid-1,3 (4-chloro- 
isophthalic acid) (3:4980), m.p. 286° u.c. (1). 

3:4615 {!) Claus, /. prakl Chem. (2) 46, 27 (1892). (2) Mayor, Muller, Ber. 60, 2281 (1927). 

( 3 ) Scholl, Moyer, Keller, Ann. 613, 298 (1934). 


3:4630 2,4,6-TRICHLOROBENZOIC 
ACID 


M.P. 168° (1) 

164-165° (2) 
163° (3) 

163-164° <4) 
160-163° (6) 



C7H3O2CI3 


Beil. IX - 345 
IXi-(141) 


Ndls. from aip or dil. ale. — Aim. insol. cold aq., eas. sol. cold abs. ale. (4). — Sublimes 
in ndls. (4). 

[For prepn. of C from 1,2,4-trichlorobcnzone (3:6420) via nitration, reduction, conversion 
via diazo roaclri. to 2,4,5-trichlorobenzonitrile, m.]i. 104° (1), and subsequent indirect 
hydrolysis s(*e (1); from 2,4,5-tricldorotolucne (3:2100) by oxidn. with HNOs (4) (6) or 
CrO., (5) see (4) (5) (6), from 2,4,5-benzotrichloride via htg. with aip in s.t. at 260° sec 
(3); from 3,4-dichlorobenzoic acid (3.4925) + Ca(OCl)2 sec (3); from HNO3 oxidn. of 
certain fractions of chlorinated isopropylbenzene (cumene) see (2).] 

For salts, viz., NH4A, CaA2.2H20; SrA2.4H20; BaA2.7H20, see (3). 

C on nitration with hot mixt. of equal vols. cone. IINO3 -j- cone. H2SO4 yields (3) 2,4,5- 
trichloro-a;-nitrobenzoic acid, ndls. from aq., m.p. 220° (3). 

C with rCl5 (3) or SOCI2 (1) yields 2,4,5-trichlorobenzoyl chloride, b.p. 272° si. dec. (3), 
125° at 2 mm. (1); m.p. abt. 28° (1), 41° (3). 

Methyl 2,4,6-trichlorobenzoate: unrecorded. 

Ethyl 2,4,6-trichlorobenzoate: from C + EtOH -h HCl (3); m.p. 65° (1) (3). 

® 2,4,6-Trichlorobenzamide : from 2,4,5-trichlorobenzoyl chloride + cold cone. NH4OH 
(3), ndls. from CeHe, m.p. 167.5° (3), 168° (1). [For conversion of this amide to C 
via HNO2 see (1).] 
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8:4630 (1) Baker, Tweed, J. Chem. Soc. 1041, 800. {2> Qvist, Salo, Acta Acad. Ahoensia Math, 

et Phys. 8, No. 4, 30 pp. (1934); Cent. 1934, II 594-696; 1936, I 638-640; C.A. 89, 6884 (1935). 
<3> Beilstein, Kuhlberg, Ann. 168, 237-240 (1869). (4) Cohen, Dakin, J. Chem. Soc. 81, 1335 

(1902). (6) Jannasch, Ann. 148, 301-302 (1867). (6) Feldman, Kopeliowitech, Arch. Pharm. 

873. 494 (1936). 

3 ; 4660 2 , 3 -DICHLOROBENZOIC ^ COOH C 7 H 4 O 2 CI 2 Beil. K - 342 

ACID CTVl IXi— 


168.3® cor. 

{!> 

166® 

( 2 ) 

164® 

(3) 

163® 

(4) 


Cryst. from CeHe or from .30% AcOH (1). 

[For prepn. of C from 2,3-dichlorotoluene (3:6345) with alk. KMn04 (1) (2) or with 
dil. HNO3 in s.t. at 140^" (2) (4) see (1) (2) (4); from benzoic acid (1:0715) by chlorination 
with KCIO3 4- HCl (3) (6) or with (:a(OCl)2 (7) see (5) (6) (7).] 

For f.p./compn. data on mixts. of C with 2,5-dicblorobenzoic acid (3:4340). m.p. 154.4®, 
see <1). 

C on htg. with lime yields (6) o-diclilorobenzcne (3:6055). 

C is unaffected by cone. H2SO4 at 300® (6) and scarcely affected by htg. with fumg. 
HNO3 (10). — However, C dislvd. in boilg. non-fumg. HNOs and treated as directed {10) 
with cone. H2SO4 yields 2,3-dichloro-a;-nitrobenzoic acid, m.p. 214-215® u.c. (10). 

C with pels yields (8) 2,3-dichlorobenzoyl chloride, b.p. 140® at 14 mm. (8). [This acid 
chloride is formed during chlorination of benzoyl chloride in presence of FeCla where it 
constitutes 23% of the dicLlorinated fraction (8).] 

Methyl 2,3-dichlorobenzoate : unrecorded, 

Ethyl 2y3-dichlorobenzoate: m.p. unrecorded. [For study of velocity of hydrolysis 

see (9).] 

2,3-Dichlorobenzaxnide : unrecorded. 

2,3-Dichlorobenzanilide : unrecorded. 

3:4660 (1) Hope, Riley, J. Chem. Soc. 183, 2470-2480 (1923). (2) 8eelig, Ann. 837, 162 (1887). 

(3) Wynne, Greeves, Proc. Chem. Soc. 11, 151 (1895) (4) Cohen, Dakin, Chem. Soc. 79, 

1128 (1901). (5) Claus, Ber. 6, 721-723 (1873) (6) Claua, Bucher, Ber. 80, 1621-1627 (1887). 

(7) Claus, jSer. 8, 948-950 (1875). (8) Cohen, Briggs, J. Chem. Soc. 83, 1214 (1903). (9) Blakey, 

McCombie, Scarborough, J. Chem. Soc. 1986, 2863-2868. (10) Claus, Bucher, Ber. 80, 1624 

(1887). 

COOH 

3:4670 6-CHL0R0.2-METHyLBENZ0IC 
ACID 

M.P. 168.5-169.6® ( 1 ) 

168® ( 2 ) 

Colorless ndls. from ale. 

Note that the materials of m.p. 130® (3) and 137® (4) formerly supposed to have been 
C are now believed (1) to have been mixtures of C with the isomeric 4-chloro-2-methyl- 
benzoic acid, m.p. 170® (3:4700). 

[For prepn. of C from 5-chloro-2-methylaniline [Beil. XII-836, XIIi-(384)] via conv. 
to 6-chloro-2-methylbenzonitrile (1) (2), ndls. from pet. ether, m.p. 48® (2), 45-46® (1), and 
saponification of the latter with 70% H2SO4 (2) see indie, refs,] 


j^CHa C 8 H 7 O 2 CI Beil. S.N. 941 
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[C yields (no details) an acid chloride which with CeHe -f AlCla in CS2 gives (2) 5-chloro- 
2-methylbenzophenone, m.p. 41° <2), b.p. 191° at 12 mm. (2).] 

C on oxidn. with KMn04 yields ( 1 ) 4-chlorophthalic acid (3:4390), m.p. 161® <1). 

Methyl 5-chloro-2-methylbenzoate: unreported. 

Ethyl 6-chloro>2>methylbenzoate : b.p. unreported, DJ® = 1.1628 (1), nne® * 

1.52483 (1). 

6-Chloro-2-methyl benzamide: unreported. 

3:4670 (1) von Auwers, Harres, Z. physik. Chem. A-143, 16-18 (1929). (2) de Diesbach, Dobbel- 

mann, Heh. Chim. Acta 14, 375 (1931). (3) Claus, Bayer, Ann. 274, 308-309 (1893). (4) 

Claus, Stapelberg, Ann. 2TI4[, 311 (1893). 


3:4672 2,3,6-TRICHLOROBENZO- 
QUINONE-1,4 



CflHOsCla 


Beil. Vn - 634 
Vni-(347) 


M.P. 160-170° 
168° cor. 
165-166° 
165° 

164-166° 

163-164° 

163° 

162-163° 


<l) 

( 2 ) 

(3) (10) (17) 

(4) 

(5) 

( 22 ) 

(30) 

(6) (7) 


Yellow Ifts. from alcohol; reddish yel. Ifts. from CHCla/lgr. — Insol. cold aq.; spar, 
sol. cold ale. ; eas. sol. hot ale. or ether. — C is sublimable [for study of sublimation press 
see (8).] 

[For studies of heat of formation see (9); for studies of heat of combustion see (10) (ll).l 
[For studies of bactericidal actn. of C see (12); for patent on use of C as vulcanization 
accelerator see (13) ] 


PREPARATION OF C 

From 2,3,6-trichlorohydroquinone. [For prepn. of C from 2,3,4-trichlorohydroquinone 
(3:4052) by oxidn., e.g., with CrOa at 0° (10), cone. HNO3 (14) (5) see indie, refs.] 

From phenol or chlorinated phenols. [For prepn of C from phenol (1 : 1420) via sulfona- 
tion followed by oxidn. with KCIO3 + HCl see (3) (15) cf. (22); note that by this method 
both C and 2,3,5,6-tetrachlorobenzoquinone-l,4 (“ chloranil ”) (3:4978) are produced; for 
sepn, of C from latter see (5) (16) ] 

[For prepn. of C from 2,3, 5-trichlorophenol (3:1340) or from 2,3,6-trichlorophenol 
(3: 1160) with fumg. HNO3 on protracted htg. (17), or from 2,4,6-trichlorophenol (3:1673) 
with mixt. of cone. HNO3 + cone. HCl boiled for a few minutes (2), or from 2,3,4,6-tetra- 
chlorophenol (3:1687) by oxidn. with 5 wt. pts. fumg. HNO3 (70% yield (1)), see indie, 
refs.] 

From amines, aminophenols, etc. [For formn. of C from aniline during electrolytic 
oxidn. in HCl soln. see (18); from p-aminophenol hydrochloride with Ca(OCl)2 soln. see 
(19); from 2,3,5-trichloro-4-aminophenol hydrochloride by action of Br2 (20) or NaQBr 
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(30); from benzal p-anisidine or benzal p-phenetidinc by treatment with ter-AmOCl (3 : 9287) 
followed by subsequent oxidn. with K 2 Cr 207 /H 2 S 04 see (4).] _ 

From various derivs. of C by hydrolysis. [P’or formn. of C from various imide derivs. 
of C by acid hydrolysis, e.g., from the corresp. iV-(/)-chlorophenyl) imide [Beil. XII--611] 
(21), iV’-(2,4,6-trichlorophenyl)imide [Boil. XlI-()28] (22) (7), or A-(2,4-dinitrophenyl)- 
imide [Beil. XII-754J (23), see indie, refs.] 

From miscellaneous sources. [For formn. of C from CeHe (1 : 7400) by oxidn. with 
Cr02Cl2/Ac0H (24), from coppier salt of quinic acid [Beil. X-535, Xi~(270)] by oxidn. 
with Mn 02 /NaCl/H 2 S 04 (14), or from benzoquinonc-1,4 (1:9025) with CI 2 (25) see indie, 
refs.] 

CHEMICAL BEHAVIOR OF C 

Reduction. C with aq. SO 2 (5) (14) (15) (16), or C in ether soln. with aq. SO 2 (1) reduces 
to 2,3,5-trichlorohydroquinone (3:4052). [Note that this rc'action is used (16) to separate 
C from 2,3,5,6-tetrachlorobenzoquinone-l,4 (“ chloranil ”) (3:4978) since the latter is 
but slowly reduced by aq. SO 2 ] [For studies of oxidn.-rcduction potential of system C + 
2,3,5-trichlorohydro(iuinono (3 '4052) see (6) (26) (27).] 

Oxidation. C with strong HNO3 on digestion is degraded with formn. of trichloro- 
nitromethane (“ chloropicrm ”) + CO 2 (15). 

Chlorination. [C with CI 2 reacts onl.y very slowly; however, C with CI 2 + I 2 + aq. 
(15), or C with CI 2 + HCl (28), gives 2,3,5,6-tetrachloro-benzoquinone-l,4 (“ cliloranil ”) 
(3:4978).] 

Reaction with HCl. C with cone. HCl on protracted boilg. (29) (3), or C with fumg. 
HCl in s.t. at 130® (30), gives 2,3,5,6-tetrachlorohydro(juin()ne (3:4941). 

Behavior of C with other inorganic reactants. With aq. alkali. [C w'ith dil. aq. KOH 
turns green and then dis. to a red-brown soln. from which upon acidification is pptd. 
(5) 2,5-dichloro-3,6-dihyroxybenzoquinone-l,4 (‘^ chloroanilic acid '') (3:4970).] 

Wiih aq. K 2 ^Ch- [C dis. in warm aq. K 2 SO 3 or KIISO 3 and on coohng ppts. (31) the 
potassium salt of 2,3,5-trichlorohydroquinonesulfonic acid-6 [Beil. XI-300]; the mother 
liquor conts. a cpd. which on boilg. with KOII gives (31) the salt of 2, 5-dihydroxy benzo- 
quinone-l,4-disulfonic acid-3,0 [Beil. XI-353J.J 

WUh NH 3 . [C with ale. NII 3 leacts vigorously yielding (3) a dark soln. from which 
can be obtd. m small amt. 3,6-dichloro-2,5-diaminobcnzoqumone-l,4 (“ chloranilamide ”) 
[Beil. XIV-144].]_ 

With PCls. [C with PCI 5 + POCI 3 in s.t. at 180-200® gives (5) hexachlorobenzene 
(3:4949).] 

Behavior of C with organic reactants. With phenol. C with K phenolate (2 moles) 
at 100° for 20 min. gives (32) 3-chloro-2,5-diphcnoxybcnzoqumone-l,4, or. this, from ale., 
m.p. 169-170° (32). 

With £,3,lf-tnchlorohydroquinone. C (1 mole) with 2,3,5-trichlorohydroquinone (1 mole) 
(3:4052) in CHCI 3 soln. gives on evapn. (6) (33) the corresp. (jumhydrone, green-black 
cryst., m.p. 114-115° (6)^^ 103° (33). 

With acetyl chloride. C with AcCl in s.t. at 160-180° gives (5) 2,3,5,6-tetrachlorohydro- 
quinone diacetate (cf. 3:4941). 

With aniline. [C (1 mole) with aniline hydrochloride (1 mole) in AcOH on boilg. and 
subsequent partial evapn. (34) cf. (35) gives (66.5% yield (34)) 2,3,5-trichloro-6-anilino- 
benzoquinone-1,4 [Beil. XIV-137], blue Ifts. from hot ale., but without def. m.p. (35). — 
C with aniline (excess) in ale. (30) (35) or AcOH (35) gives, however, 2,5-dichloro-3,6- 
dianilinobenzoquinone-1,4 [Beil. XIV-144, XIVi-(421)], yel.-brown metallic Ifts. from 
CeHe, m.p. 290° (35), 285-290° (30).] 
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With triphenylphosphine. C with 20% soln. of (C 8 H 6 ) 3 P in CHCI3 gives (36) wine-red 
color; note, however, that a very similar behavior is shown by 2,3,5,6-tetrachlorobenzo- 
quinone-1,4 (“ chloranil"). 

3:4672 (1) Biltz, Giese, Ber. 37, 4016-4017 (1904). (2) Lcger, BuU. soc. chim. (4) 3, 581-582 
(1908). <3) Knapp, Schultz, Ann. 210, 174-176, 180-181 (1881). (4) Musaiite, Fusco, Gazz. 

chitn. itcU. 66, 647-648 (1936). (5) Grael)e, Ann. 146, 22-30 (1868). (6) Coriant, Fieser, J. 

Am. Chem. Soc. 45, 2206-2207 (192.3). (7) Bradheld, Cooper, Orion, J. Cheni. Soc. 1927, 2858- 

2859. (8) A. S. Coolidge, M. S. Coolidge, J. Am. CJiem. Soc. 49, 101-104 (1927). (9) Sjostrom, 

Svensk Kern. Tui. 48, 121-124 (1936), Cent. 1937, I 58, C.A. 30, 6634 (1936). (10) Valeur, 

Ann. chim. (7) 21, 496-497 (1900). 

(11) Swiotoblawski, Starezewska, J. chim. phys. 22, 399-401 (1925). (12) Morgan, Cooper, 

J. Soc. Chem Ind. 43-T, 352-354 (1924) (13) Fisher (to Naugatuck Chem. Co ) French 740,978, 

Feb. 3, 1933; Cent. 1933 I 3134, C A. 27, 2845 (193.3). (14) Stadcler, Ann. 69, 301, 322 (1849). 

(15) Stonhouse, Ann , Suppl. 6, 209-212, 21(i-219 (1868). (16) Craebe, Ann 263, 28-30 (1891). 

(17) Lampcit, J. prakt Chem. (2) 33, 382-383 (1886) (18) Erdelyi, Ber. 63, 1201-1202 (1930). 

(19) Schmitt, Andresen, J prakt. Chem. (2) 23, 436-437 (1881). (20) Schmitt, Andresen, J. 

prakt. Chem. (2) 24, 429, 434 (1881). 

(21) Jacobson, Cent 1898, II 36. (22) Orton, Smith, J. Chem. Soc. 87, 305-396 (1905). (23) 

lUverdin, r:repieux, Ber. 36, 3208 (1903). (24) Carstanjen, Ber. 2, 633 (1869). (25) Woskres- 

senski, J prakt. Chem (1) 18, 420 (1839). (26) Conant, ./. Arn. Chem. Soc 49, 293-297 (1927). 

(27) Kvalnes, J. Am. Chem. Soc 56, 667-670 (1934). (28) SchulofI, Aiistiian 127,813, April 25, 

1932, Cent. 1932, II 924, C.A . 26, 4348 (1932). (29) Lc\t. Schultz, Ann. 210, 154 (1881) (30) 

Andresen, J. prakt. Chem (2) 28, 422-427 (1883). 

(31) Craebe, Ann 146, 55-59 (1868). (32) .Tackson, Ciindley, Am. Chem. .J. 17, 653-654 

(1895). (33) Ling, Rakei , J Chem Soc. 63, 1322-1323 (1893). (34) Brass, Papp, Ber. 53, 

458 (1920) (35) Niemeyer, Ann. 228, 337-338 (1885) (36) Schonberg, Ismail, J. Chem. Soc. 

1940, 1374-1378, 


3:4675 3-CHLORO-4-HYDROXYBENZOIC 
ACID 

M.P. 169-170° (1) (2) 

169° (3) 

165-166° (4) 

164-165° (5) 

164° (0) 

Colorless ndls. from acj.; spar. sol. cold but eas. sol. hot aq.; eas. sol. ale., ether; very 
eas. sol. acetone; spar. sol. CfiHe, CIICI 3 , Igr. — Sublimes undecomposed. [For study of 
ioniz. const, at 25° see (9).] 

[For prepn. of C from p-liydroxybenzoic acid (1:0840) with aq. HCl + 30% H 2 O 2 
(60-90% yield ( 6 )) or in NaoCOa soln, with CI 2 (100% yield NaA (7)), or in AcOH with 
KCIO3 -f HCl ( 8 ), or with SbCls on warming ( 1 ), see indie, refs.; from 3-amino-4-hydroxy- 
benzoic acid [Beil. XIV-597] via diazotization and use of CU 2 CI 2 reactn. see (4); from 0 - 
chlorophenol (3:5980) in CCI 4 with ale. alk. in s.t. at 125-130° see (5); from methyl 3- 
chloro-4-hydroxybenzoatc (see below) by hydrol. with 40% KOH see ( 2 ); from 3-chloro- 
4-hydroxybcnzomtrile (3) via hydrol. with acid see (5).] 

C in aq. soln. gives with FeCla a brown ppt. ( 1 ). 

[C with PCI 5 (2 moles) followed by treatment of the intermediate acid chloride with 
aq. yields ( 1 ) 3,4-dichlorobenzoic acid (3:4925); C on warming with SbCU (2 moles) >delds 
(1) 3,5-dichloro-4-hydroxybenzoic acid (3:4950).] 

[For studies of bactericidal actn. of C or its derivatives see (10) ( 11 ) ( 12 ) (13) (14).] 



C7H6O3CI 


Beil. X> 175 

Xi- 
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® Methyl 3-chloro-4-hydrozybenzoate: ndls. from dil. ale. or Igr., m.p. 107° (2>, 106- 
107° (4). [From C in MeOH with H2SO4 (4) or from methyl p-hydroxybenzoate 
(1 : 1549) with SO2CI2 (2).] [For reactn. of this prod, with acetobromglucose see <10); 
for studies of bactericidal power see <11).] 

Ethyl 3-chloro-4-hydroxybenzoate: ndls. from dil. ale., m.p. 77-78° <2). [From 

ethyl p-hydroxybenzoate (1 : 1534) with SO2CI2 (2); for use as disinfectant see (14).] 

3-Chloro-4>methozybenzoic acid (3-chloroanisic acid): scales from dil. AcOH, 

m.p. 214-215° (16), 213° (4) (15), 212-214° (17). [Prepd. indirectly from 3-chloro-4- 
methojo^benzamide with HNO2 (15), from 3-chloro-4-methoxy toluene by oxidn. with 
CrOa/AcOH (16) or alk. KMn04 (17).] 

3-Chlora-4-hydroxybenzamide : ndls. from acetone + ether, m.p. 181-182°- (3). 

[Prepd. indirectly from 3-chloro-4-hydroxybenzonitrilc with dil. H2SO4 at 160° (3).] 

3:4675 (1) Lossner, J. prakt. Chem. (2) 13, 432-435 (1876). (2) Mazzara, Gazz. chim. ital. 29, 

I 385-387 (1899), (3) Biltz, Her. 37, 4035-4036 (1904). (4) von Anwers, B(yr. 30, 1473-1474 

(1897). (5) Has.se, Ber. 10, 2192-2194 (1877). (6) Leulier, Pinet, Bull. soc. chim. (4) 41, 1364- 
1365 (1927). (7) Tishchenko, /. Russ. Phys.-Cheni. Soc. 60, 153-162 (1928); Crut. 1928, II 768; 
C.A. 22, 3397 (1928). (8) Chem. Fabrik von Heydon, Ger. 69,116; FMUlnder 3, 847. (9) 

Coppadoro, Gazz. chim. ital. 32, I 554 (1902). (10) Sabalitschka, Arch. Pharm. 267, 675-685 

(1929). 

(11) Sabalitschka, Dietrich, Bohn, Pharm. Ztg. 71, 834-836 (1926); Cent. 1926, II 1959; C.A. 
26, 3060 (1926). (12) Sabalitschka, Dietrich, Desxnfekiion 11, 67-71, 94-104 (1926) ; Cent. 1927, 

I 2670-2671; C.A. 26, 3712. (13) Sabalitschka, Apoth. Ztg. 43, 670-673 (1928); Cent. 1928, 

II 271. (14) Sabalitschka, Bohn, Ger. 592,826, Sept. 11, 1930; Cent. 1934, 1 3369. (15) Gatter- 

mann, Ber. 32, 1118, 1121 (1899). (16) Schall, Dralle, B&r. 17, 2529 (1884). (17) Peratoner, 

Vitale, Gazz. chim. ital. 28, I 217 (1898). 

Cl COOH 

3:4680 S-CHLORONAPHTHOIC CnHrOaCl Beil. DC - 651 

ACID-1 I 1 J IXi-(276) 

M.P. 171-171.5° (1) 

170-170,5° (1) 

169-170° (2) 

168-169° (3) 

167-168° (3) 

167“ (4) (5) 

Cryst. from CeHe (2), scales from ale. (4). — Subl. in ndls. (4). 

[For prepn, of C from naphthalic acid (1:0890) via conv. with Hg(OAc)2 to anhydro- 
8-hydroxymercuri-l-naphthoic acid and subsequent reactn. with CI2 in AcOH see (1) (3) 
(6) (7) cf. (8); from 8-aminonaphthoic acid-1 [Beil. XIV-534, XlVi-(623)] via diazotization 
and reactn. with CuCN see (4); from a-naphthoic acid (1:0785) with CI2 in AcOH contg. 
I2 see (4); from 8-nitronaphthoic acid-1 [Beil. IX-653] (3) with SOCI2 in CeHe (some di- 
chloronaphthostyril also being formed) see (3); from 8-chloro-l-naphthonitrilc (see below) 
by hydrolysis see (9); from 8-chloro-l-naphthoamide (see below) by hydrolysis with 
ACOH/H2SO4 + NaN02 see (5) (2).] 

C writh CI2 in AcOH contg. I2 yields (4) (1) 5,8-dichloronaphthoic acid-1 [Beil. IX-651], 
scales from ale., m.p. 186-187° (4) (1). 

C with PCls yields (5) 8-chloro-l-naphthoyl chloride (props, not reported). 

C with cold red fumg. HNO3 yields (10) (11) 8-chloro-5-nitronaphthoic acid-1, Ifts. or 
ndls. from ale., m.p. 227° (10), 225-226° (11). [This prod, with Cu bronze in boilg. toluene 
for 3 hrs. yields (11) 5-nitronaphthoic acid-1 (Beil. IX-652], m.p. 241-242°. 

Salts. CaA.2.2H20; ndb. sol. in 42 pts. cold aq. (4). 
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Methyl 8-chloro-l-naphthoate: oil, b.p. 188-189® at 16.2 mm. (2). (From C 

with ethereal diazomethane <2).] 

® Ethyl 8-chloro-l-naphthoate: ndls. from ale., m.p. 60® (4), 49-50® (5). [From dry 
AgA with Etl at 100° (4) or from acid chloride (above) with NaOEt (5).] [For reactn. 
of this ester with Cu bronze at 290° yielding diethyl l,l^-binaphthyl-8,8-dicarboxylate, 
m.p. 183°, see (5) (9); for reactn. of the ester with 1-bromonaphthalene + Cu bronze 
at 290° yielding ethyl l,l^-binaphthyl-8-carboxylate, m.p. 146°, see (9); for reactn. of 
this ester with 2-bromonaphthalene + Cu at 290° yielding ethyl l,2'-binaphthyl--8- 
carboxylate, m.p. 105°, see (9).] 

8-Chloro-l-naphthonitrile: ndls. from MeOH, m.p. 150-151® (9), 145-146® (2), 

b.p. 200° at 18 mm. (9), 242-244° at 15.5 mm. (?) (2). [From S-chloronaphthylamine-l 
[Beil. XII-1256] via diazotization and reactn. with CuCN (yields: 57% (5), 22% 
<2» (9).] 

8-Chloro-l*naphthoamide: ndls. from ale., m.p, 203.5° (5). [From the nitrile 

(above) by hydrolysis with ACOH/H2SO4 (5).] 

3:4680 (1) Whitmore, Fox, J. Am. Chem. Soc. 61, 330.3-3367 (1929). (2) Bergmann, Hirshberg, 

J. Chem. Soc. 1936, 334. (3) Rule, Barnett. J Chem. Soc. 1932, 175-179. (4) Eckstrand, J, 

prakt. Chem. (2) 38, 150-151 (1888). (5) Kalb, Ber. 47, 1720-1728 (1914). (6) Corbellini, 

Barbari, Gu)m. chim. ind. applicata 15, 335-337 (1933); Cent. 1933, II 2818; C.A. 27, 5737 (1933). 
( 7 ) Corbellini, Ital. 332,9(33, May 19, 1934; Cent. 1937, I 2460 (8) Leuck, Perkins, Whitmore, 

J. Am. Chem. Soc. 51, 1831-1836 (1929). (9) Meisenheimer, Beisswenger, Ber. 65, 32-42 (1932). 
(10) Eckstrand, J. prakt. Chem. (2) 38, 253-2.54 (1888). 

(11) Rule, Pursell, Brown, J. Chem. Soc. 1934, 168-171. 


3:4690 2,6-DICHLOROHYDROOUINONE 

(p-Diclilorohydroquinone ) 


C6H402a2 


M.P. 172° (1) (2) 

170° (3) 

166® (4) 


BeU. VI - 850 
VIi- 
Vl2-(846) 


[See also 2,5-dichioro6enzogwinon6-l,4 (3:4470).! 


Colorless ndls. from boilg. aq,, this, from CeHe, moclinic pr. from acetone; spar. sol. cold 
aq., sol. boilg. aq., very eas. sol. ale., ether, or w'arm AcOH. — Sublimes in ndls. 

[For prepn. of C from 2,5-dichlorobenzoquinone-l,4 (3:4470) by reductn. with SO2 see 
(5); from chlorobenzoquinone-1,4 (3:1100) with hot cone. HCl (83% yield (6)) (4) or in 
CHCI3 with HCl gas (4) see mdic. refs.; from hydroquinone (1:1590) with HCl -f KClOs 
(2) (7), in AcOH or better CHCI 3 with CI2 (poor yield together with 2,3-isomer) (6), or in 
MeOH with CI2 (8) see indie, refs.; from chlorohydroquinone (3:3130) with HCl + KCIO2 
(68% yield) see (9); from 2,5-dichloro-p-aminophenol (10) by diazotization in H2SO4 -h 
ZnS04 soln. and hydrolysis of the diazonium salt (10).] 

[For use of C as an antioxidant and gum inhibitor in cracked gasoline see (11); for use 
in aq. petroleum emulsion as insecticidal oil spray see (12); for use as vulcanization ac- 
celerator see (19).] 

C on oxidn. with K2Cr207 or Na2Cr207 4- dil. H2SO4 (7) (2) (9) (13) (14) or even with 
cone. HNO3 at ord. temp. (4) yields 2,5-dichlorobenzoquinone-l,4 (3:4470) q.v. — [For 
studies of oxidn .-reductn. potential of system C + corresp. quinone see (9) (15) (16).] 
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(© 2,5-Diclilorohydroqum(me diacetate: colorless ndls. from dil. ale., m.p. 141° <4) (17). 
[From C with AC 2 O (4) or from 2,5-dichlorobenzoquinone-l,4 (3:4470) in AC 2 O -f- 
AcOH with Zn dust (17).] 

® 2,6>DichlorohydToquinone dibenzoate: colorless wooly ndls. from CS 2 , m.p. 185° (4). 
[From C on refluxing with BzCl (4).] 

® 2,6-Dichlorohydroquinone dimethyl ether: colorless ndls., m.p. 126° u.c. (17), 125- 
127° ( 6 ), b.p. 261-263® u.c. at 744 mm. (16). [From C in dil. aq. NaOH on shaking 
with MC 2 SO 4 (63% yield ( 6 )), or from hydroquinone dimethyl ether in AcOH with 
CI 2 (17) (18).] [This prod, with fumg. HNO 3 in cold docs not nitrate but oxidizes to 
2,5-dichlorobenzo(iuinone-l,4 (3:4470) (17).] 

3:4690 (1) Krafft, Ber. 10, 800 (1877). (2) Ling. /. Chem. Soc. 61, 558 (1892). (3) Fels, Z, 

Krist. 37, 481 (1903). (4) Levy, Schultz, Ann. 210, 148-150 (1881). (5) Stadler, Ann. 69, 

312-318 (1849). (G) Kckert, Endler, ./. prakt. Chem. (2) 104, 83-84 (1922). (7) Hammiok, 

Hampsoii, Jenkins, J. Chem. Soc. 1938, 1264. (8) TMazek, Roczniki Chem. 10, 761-776 (1930), 

Cent. 1931, I 1428; C.A. 25, 1504 (1931). (9) Conant, Fieser, ./. A7n. Chem. Soc. 45, 220.5-2206 

(1923). (10) Skraup, Steinruck (to Rheinische Kamfer-Fabrik), Gcr. 431,513, July 10, 1926; 

Cent. 1926, II 1462. 

(11) Clarke, Towne (to Texas Co ), U S. 2,023,871, Dec. 10, 1935; Cent. 1936, I 2671 ; C.A. 30, 
851 (1936). (1^) Yates (to Shell Development Co ), U.S. 1,778,240, Oct 14, 1930; C(mt. 1931, 

I 2799; C.A. 24, 5928 (1930). (13) Kehrmaim, Grab, Ann. 363, 12-14 (1898). (14) Hantzsch, 

Schniter, Ber. 20, 2279 2282 (1887). (15) Hunter, Kvalnes, J. Am. Chsm. Soc. 54, 2874-2875, 

2878 (1932). (16) Kvalnes, J. Am. Chem. Soc, 56, 667-670 (19.34). (17) Kohn, Gurcwitsch, 
Monatsh. 56, 13.5-136 (1930). (18) Habermaim, Ber. 11, 1034-1035 (1878). (19) Fisher (to 
Naugatuck Chem. Co.), French 740,978, Feb. 3. 1933, Cent. 1933, II 3134 


3:4700 4-CHLORO-2-METHYLBENZOIC 
ACID 


M.P. 172° (1) 

171-172° (10) 

171° (2) 

170° u.c. (3) (8) 

169-170° (4) 

169° (5) 

166-168° (6) 

166° (7) 

Colorless ndls. from aq. ale., dil, AcOH or CeHe; eas. sol. hot aq.; eos. volatile with steam. 

[For prepn. of C from 4-chloro-l,2-dimethylbenzenc (3:8675) by oxidn. with boilg. 
dil. HNO3 {D = 1.20) (7) or with 20 pts. dil. HNO3 (D = 1.10) in s.t. at 160° for 5-6 
hrs. (8) (by this method C is always accompanied by the isomeric 5-chloro-2-methylbenzoic 
acid (3:4670) separable by its less sol. calcium salt (1) (8) (7)) see indie, refs.; from 4- 
chloro-2-methylbenzaldehyde [Beil. VII-296] by air oxidn. see (4); from chloromethyl 4- 
chloro-2-methylphenyl ketone (4-chloro-2-methylphenacyl chloride) [Beil. VII-306] by 
oxidn. with KMn 04 see (2); from j3-chloroethyl 4-chloro-2-methylphenyl ketone (5) by 
oxidn. at 100° with mixt. of equal pts. cone. HNO3 and aq. see (5) ; from 4-chlorO“2-methyl- 
biphenyl (3) by oxidn. with CrOa/AcOH (8% yield) see (3); from l-methyl-l-(trichloro- 
methyl)cyclohexadiene-2,5-one-4 [Beil. VII-149J by treatment with PCIb giving 4-chloro-2- 
methylbenzotrichloride, followed by alk. hydrolysis of the latter, see (9); from 4-chloro-2- 
methylbenzonitrile, m.p. 67° (1) (10), by boilg. for 16 hrs. with 8% aq. KOH sec (1) (10).] 


COOH 

CsHjOjCl Beil. IX-468 

y 
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C on oxidn. with alk. KMn04 (7) or with 10-20 pts. dil. HNOs (Z> = 1.13) in s.t. at 180- 
200® for 6 hrs. (1) yields 4-chlorophthalic acid (3:4390). 

C fused with KOH yields <7) 4-liydroxy-2-mpthyIbenzoic acid [Beil. X-215I, ni.p. 172- 
173® (7). 

Salts. NH4A, cas. sol, aq.; 1<A.H20, very eas. sol. aq.; CaA2.3H20 more sol. in aq. 
than corresp. salt of 5-chloro-2-mothylbenzoic acid (3:4670); BaA2.4H20, more eas. sol. 
aq. than calcium salt (for details see (I)). 

Methyl 4-chloro-2-methylbenzoate : unrecorded. 

Ethyl 4-chloro-2-methylbenzoate: oil, b.p. 258® (1), = 1.1626 (10), n^e = 

l. 52705 (10). [From C in EtOH with H(3 gas (1) or from the amide (see below) 
with ethyl nitrite in s.t. at 140° for 4-5 hrs. (1).] 

4-Chloro-2-methylbenzaniide : colorless ndls. from liot aq., from ale. or ether, 

m. p. 183° (1). [Obtd. indirectly by partial sapon. of corresp. nitrile (above) (1).] 

3:4700 (1) Claus, Stapelberg, Ann 274 , 287-291 (1893). (2) Kimokell, Ber. 41 , 2648 (1908). 

(3) Huntress, Scikcl, J. Arn Cheni Soc. 61 , 820 (1939) (4) von Auwers, Kcil, Ber. 38 , 1696 

(1905). (5) Mayer, Muller, Ber. 60 , 2281 (1927) (6) Mayer, Albert, Sehon, Ber. 65 , 1295- 

1299 (1032). (7) Kruger, Ber. 18 , 1757 (188.5) (8) Claus, Bayer, Ann. 274 , 308 (1893). 

(9) von Auwers, Juliclier, Btr. 66, 2167-2108, 2179-2180 (1922). (lO) von Auwers, Harres, Z. 
physik. Chem. A-143, 15-16, 18 (1929). 


Cl ^2 

3:4703 6,6,7,8-TETRACHLORO-l,2,3,4- CioHgCU BeU-V — 

TETRAHYDRONAPHTHAiENE | 1 | ^ Vi— 

(5,6,7,8-Tt'trachlorotctraIin) \ Vs-(386) 

M.P. 173° U) B.P. 180° at 26 mm. (l> 

174° <2) 

[See aho naphthalene tetrachloride (3 : 4750) ] 

Cryst. from AcOIl. 

[For prepn. of C from 1 ,2,3,4-tetrahydronaphthalene (tetralin) (1:7560) with CI2 in 
pres, of I2 (15% 39eld (2)) at 15° in diffuse daylight see (1) (2); for formn. in small amt. 
from tetralin during prepn. of 7-chIoro-l,2,3,4-tetrahydronaphthalcne (jtf-chlorotetralin) 
with CI2 in pres, of Lj at 10° see (1).J 

C with 2Br2 in boilg. CS2 yields (1) l,2-dibromo-5,6,7,S-tetrachloronaphthalene [Beil. 
V2-(388)], m.p. 142° (1), which with ale. (‘0 NaOEt gives (aim. quant, yield (1)) 1,2,3, 4- 
tetrachloronaphthalene [Beil. V2-(446)], m j). 198°. 

3:4703 (1) von Braun, Ber. 66, 2337 (1923). (2) Wynne. J. Chem. Soc. 1046 , 61. 

O 

3:4704 3-CHLORONAPHTHO QUINONE- 

1,2 

(S-Chloro-i^-naphthoquinone ) 

M.P. 173° (1) (2) (3) 

Red ndls. from CHCI3. — Sol. hot ale., AcOH, CeHe, CHCI3. 

[For prepn. of C from /3-naphthol (1:1540) by conversion with CI2 in AcOH (2) to 
l,l,3,4-tetrachloro-2-keto-l,2,3,4-totrahydronaphthalene [Beil. Vll-371] (Ifts. of mono- 
hydrate from aq., m.p. 90-91°; anhydrous Ifts. or ndls. from hot Igr., m.p. 101-103®) 



C10H5O2CI 


Beil. Vn- 720 
vni— 
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followed by treatment with aq. Na2C03 <2) (3) (overall yield of C is 56% (4)). For prepn. 
of C from naphthoquinono-1,2 (1:9062) with CI2 in AcOH (1) (5), or from 1,3-dichloro- 
naphthol-2 (3:1990) by oxidn. with cone. HNOs in AcOH (3), see indie, refs.] 

C on reduction with SO2 in AcOH gives (1) 3-chloro-l,2-dihydroxynaphthalene [Beil. 
VI-975], colorless ndls., m.p. 116-117° (1). 

[C on oxidn. with aq. Ca('OCl)2 undergoes rupture of the quinoid ring and a subsequent 
series of changes (5) resulting in formation of (phthalidyl-3)-dichloroacetic acid [Beil. 
XVIII-419], this, of monohydrate from aq., anhydrous ndls. from CeHe, m.p. 157°, ac- 
companied by some 2,2-dichloroindandione-l,3 [Beil. VII-696, VIIi-(375)], m.p. 124-125°.] 
[C although insol. in aq. Na2C03 gradually dissolves in dil. aq. alkali with conversion 
(1) to 3-chloro-2-hydroxy-naphthoquinone-l ,4 (3-chloro-4-hydroxynaphthoquinone-l ,2 ) 
[Beil. VIII-304], yel. ndls. from ale., m.p. 215°.] 

[C with ale. NH3 on htg. gives (1) 3-chloro-2-hydroxynaphthoquinone-l,4-imine-4 (3- 
chloro-4-aminonaphthoquinone-l,2) [Beil. VIlI-305], m.p. abt. 260°.] 

[C with ale. aniline on htg. similarly gives (1) 3-chloro-2-hydroxynaphthoquinone-l,4- 
anil-4 (3-chloro-4-anilino-naphthoquinonc-l,2) [Beil. XlI-225], yel. ndls. from AcOH, 
m.p. 253°.] 

C with 2,3,-dimethylbutadiene-l,3 (1:8050) in spec, purified CHCI3 in s.t. at 100° in 
dark for 1 hr. readily forms (70% yield (4)) a Diels-Alder type adduct C1CH15O2CI, Icmon- 
yel. ndls. from ether/ pet. ether, m.p. 87-88°; this adduct is unstable even at 10° and in 
ale. or ether soln. on shaking with air loses HCl and is oxidized (by loss of 2 hydrogen 
atoms) giving (87% yield (4)) 2,3,-dimethylphcnanthraquinone, m.p. 237-2.38° u.c., 
242-243° cor. (4). — For study of reaction of C w'ith excess 2,3-dimethylbutadiene-l,3 
(1:8050) giving 36% yield of a halogen-free prod, of m.p. 135° see (6). 

3-Chloronaphthoqumone-l,2-oxime-l (3-chloro-l-nitrosonaphthol-2) [Beil. VII- 

721]: yel.-red ndls. from hot ale., m.p. 167-168° dec. (7). [Prepd. indirectly,] 

8:4704 (1) Zincke, Ber, 19. 2497 (1886). (2) Zincke, Kegel, Ber. 21, 3550-3652 (1888). (3) 

Zincke, Kegel. Ber. 21, 3380, 3386 (1888). (4) Fieser, Dunn, J. Am. Chem. Soc. 69, 1019-1020 

(1937). (5) Zincke, Schmidt. Ber. 27, 737-739 (1894). {G> Fieser, Dunn, J. Am. Chem. Soc. 69, 

1021-1024 (1937). (7) Zincke, Schmunk, Ann. 267, 140-145 (1890). 


3:4705 6.CHLORO-2-HYDROXYBENZOIC 
ACID 

(5-Chlorosalicylic acid) 


COOH 



CtHbOsCI 


Beil. X - 102 
Xi-( 47) 


M.P. [176° 

173° 

172.5° 

172-173° 

172° 


( 1)1 

( 2 ) 

<3) 

(4) 

(5) (6) (7) (8) 
(9) (22) (27) 


M.P, {conld.) 171-172.5° 
170-171° 
168° 

167.5° 

167-168° 


( 10 ) 

( 11 ) 

(12) (13) 

(14) (15) (16) 
(17) (18) (19) 


Colorless ndls. from aq. or ale.; sol. in 1100 pts. aq. at 20° and in 80 pts. aq. at 100° (17); 
eas. sol. ale., ether, CeHe, CHCI3, AcOH; spar. sol. Igr. — yolatile with steam (12). — 
Shows sternutatory props. 

[For prepn. of C from p-chlorophenol (3:0475) in CCI4 with aq. NaOH (very small 
yield (15)) in pres, of Cu (19) or in CCI4 with ale. KOH in s.t. at 140° for 5-6 hrs. (17) see 
indie, refs.; from dry sodium p-chlorophenolate with CO2 at 140-150° under press, see (12) 
(20); from salicylic acid (1:0780) with CI2 in CS2 (65% yield (38)) (3), in MeOH (21) or 
EtOH (22) (much 3,5-dichlorosalicylic acid (3:4935) also being formed), in AcOH (85% 
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yield <4)) or in nitrobenzene at 50-60^ (23), or with CeHsICL in suitable solvents (89% 
yield (2)), or by htg. with SbCls (14), or with HCl + 30% H2O2 (56-66% yield <6)), see 
indie, refs.; from mono K salicylate in aq. with CI2 (24) or from di-potassium salicylate 
with KOCl (1) (much 3,5-dichlorosalicylic acid (3:4935) being also formed) see indie, 
refs.] 

[For prepn. of C from 5-chloro-2-aminobenzoic acid (5-chloroanthranilic acid) [Beil. 
XIV-365] with nitrous acid at 50® see (11); from 5-amino-2-hydroxyben2oic acid (5-amino- 
salicylic acid) [Beil. XIV-579, XlVi;(650)] via diazotization and use of CU2CI2 reactn. 
(62-71% yield (16)) (25) see indie, refs.; from 5-chloro-2-hydroxybenzonitrile [Beil. X- 
104] by hydrolysis with H2SO4 see (13); from ethyl 5-chloro-2-hydroxy benzoate (see below) 
by hydrolysis with KOH see (7) (25); from 5-chloro-2-methoxybenzoic acid (see below) by 
cleavage with cone. HI see (10); from chloral-5-chlorosalicylamide (see below) by hydrolysis 
with 10% NaOH see (26); from 5-chlorosalicylin by oxidn. with K2Cr207 -f* H2SO4 (18) 
or with KMn04 followed by acid hydrolysis (9) see indie, refs.; from 6-chloro-2,3-dimethyl- 
chromone (27), 6-chloro-2,3-diphenylchromone (28), or 7-chloro-l,2,3,4-tctrahydroxanthone 
(5) by alk. hydrol. see indie, refs.] 

[For use of various esters of C as mothproofing agents (29), as insecticides (30), or as 
plasticizers (31) (32)_sce indie, refs.; for studies of bactericidal power of C see (33) (34); 
for study of fate of C in animal body see (35).] 

[C on electrolytic reduction in aq. ale. H2SO4 yields (36) 5-chloro-2-hydroxybenzyl 
alcohol [Beil. VI-893], m.p. 93® (36); C on rcductn. with Na/Hg as directed (16) yields 
5-cliloro-2-hydroxybenzaldchyde (3 : 2800).] 

[C with PCI5 (37) in Igr. (38) yields 4-chloro-2-chloroformylphenylphosphoryl dichloride, 
Cl.CO.CfiHaCl.O-PCOCIi [Beil. X-103], oil, b.p. 183-184® at 13 mm. (38); C with PCL 
yields (38) 4-chloro-2-chloroformylphenyl metaphosphite, Cl.CO.CftHaCl.O-PiO [Beil. 
X-103], m.p. abt. 55-57®, b.p. 155-156® at 14 mm. (38).] 

[C with CISO3H at 50-70® yields (39) 3-chlorosulfonyl-5-chloro-2-hydroxybenzoic acid 
[Beil. XIi-(106)], pr. from AcOH, m.p. 206-207® j39).] 

[C with HNO3 -h cone. H2SO4 at 0® (23), or C on warming with furag. HNO3 (22), or 
C in AcOH treated with 5 pts. fumg. HNO3 in AcOH (40), yields 5-chloro-3-nitrosalicylic 
acid [Beil. X-120], pale yel. ndls., m.p. 162-163° (22); note that by lass of CO2 and further 
nitration 4:-chloro-2,6-dinitrophenol [Beil. VI-260, VIi-(128)], yel. ndls. from aq., m.p. 
80° (22), is also formed.] 

[C in ale. with I2 + HgO gives (41) S-chloro-x-iodo-salicylic acid, colorless ndls. from 
hot dil. ale., m.p. 224® si. dec. (41); C in alk. with I2/KI yields (25) by loss of CO2 and 
further iodination 4-chloro-2,6-dii<xlophenol [Beil. Vli-(112)], yellowish ndls. from ale., 
m.p. 108® (25) (ethyl ether, m.p. 69°, acetate, m.p. 127.5® (25)).] 

C in aq. soln. gives with FeCls a violet coloration. 

Salts. LiA, 2H2O (8); NaA (8) (12), KA_(8) all eas. sol. aq. ; CaA2.3H20 (14), BaA2.3H20 
(11) (12) (14) (17) (18) see indie, refs.; PbA2 (11), AgA (12) (18), ineol. aq. 

(3 Methyl 5-chloro-2-hydroxybenzoate (methyl 5-chlorosalicylate) : ndls. from ale., 
m.p. 50® (1), 48® (7) (12), b.p. 249° si. dec. (12). [From C in MeOH with HCl gas 
(12), or from AgA with Mel (1): also from methyl salicylate (1 : 1750) by chlorination 
with methyl iV.iV-dichlorocarbamate in AcOH (44).] 

Ethyl 6-chlora-2-hydroxyben2oate (ethyl 6-chlorosalicylate) ; ndls. from ale., m.p. 

25° (7). [From ethyl salicylate (1 : 1755) with SO2CI2 (7).] 

(® 6-Chloro-2-methoxybenzoic acid: ndls. from aq., m.p. 82° (42), 81-82° (10), 80-81° 
(4). [Obtd. indirectly from 2-methoxybenzoic acid (1:0685) in AcOH with CI2 (4), 
or from 5-chloro-2-methoxybenzonitrile by alk. hydrolysis (43).] 
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® 5-Cliloro>2-ethozybenzoic acid: Ifts. from dil. ale., m.p. 118® (7). 

® 6-Chloro-2-acetoxybenzoic acid: cryst. from CeHe, m.p. 149® <8), 148® (42), 142® (25). 
[From C with AcCl (42).] 

® 6-Chloro-2-hydroxybenzamide: Ifts. from ale. or CeHe, m.p. 226-227® (26) (13), 
223.5-224® (7), 222-223® (8). [From methyl or ethyl 5-chlorosalicylatcs (above) with 
ale. NHa (7).] [This amide with chloral (3:5210) gives on warming (26) chloral-5- 
chloro-2-hydroxybenzainide, ndls. from CcIIe, m.p. 148-149° dec. (26).] 

3:4705 (1) Lassar-Cohn, Schultze, Ber. 38, 3800 (1905). (2) Neu, Bar. 72, 1511 (1939). (3) 

Hiibner, Brenkon, Ber. 6, 174 (187.3). (4) Hirwe, liana, (iavankar, Proc. Indian Acad. Set. A-8, 

211-212 (1938). (5) Hall, Plant, J. Chem. Soc. 1933, 234. (0) Leulicr, Pinct, Bull. soc. chim. 

(4) 41, 1363 (1927). (7) Muzzara, Gazz. chitn ital. 29, I 340-347 (1899). (s) Smith, Ber. 11, 

1226-1227 (1878). (9) van Wawein, Arch. Pharm. 235, 507-508 (1897). (10) Peratoner, 

Condorelli, Gazz. chim. ital. 28, I 211-212 (189S). 

(11) Httbnor. Weisa, Ber. 6. i75 (1873). (12) Varnholt, J. prakt. Chem. (2) 36, 19-22 (1887). 

(13) Biltz, Stepf. Ber. 37, 4026^027 (1904). (14) Boilfetciii, Ber. 8, 810 (1875); Ann. 179, 285 

Note 2 (1875). (15) Son, Ray, J. Indian Chem Soc 9, 170 (1932). (lO) Weil, Traun, Marcel, 

Ber. 65, 2664-2005 (1922). (17) Ha.s.se, Ber. 10, 2190-2192 (1877). (18) VLsscr, Arch. Pharm. 

235, 549-550 (1897). (19) Zeitner, Landau, Gcr. 258,887, April 17, 1913, Cent. 1913, I 1641- 

1642. (20) Chem. Fabiik von Heyden, Ger. 33,635, May 10, 1885, Friedldndcr 1, 234 (1877 /87). 

(21) Plazek, Roczmki Chem 10, 701- 770 (1930); Cent. 1931, I 1428, C.A. 25, 1504 (1931). 
(22) Smith, Peirce, Am. Chem. J. 1, 170-181 (1879/80); Ber 13, 34 30 (1880). (23) B.AS.F., 

Ger. 137,118, Nov. 20, 1902, Cent. 1902, II 1439-1140. (21) Cahour.s, Ann. chim. (.3) 13, 108- 

111 (1845), Ann. 52, 341-342 (1844). (25) Brennans, Girod, Compt. rend 186, 1553-1555 (1928). 

(26) Hirwe, Rana, Ber. 72, 1351-1352 (1939). (27) Simonih, Scliulimann, Btr. 50, 1144-1145 

(1917). (28) Wittig, Ann. 446, 190 (1925). (29) IG , But 274,425, Sept. 7. 1927; French 

635,973, March 29, 1928, Cent. 1929, 1 434 (.30) l.G , French 702,7()8, April 16, 1931; Cent. 

1931, II 3530, Austrian 125,712, Dec. 10, 1931; Cent 1932, I 2886. 

(31) Grether, DuVall (to Dow Chem Co ), U.S. 2,198,583, Apnl 23, 1940; C.A. 34, 5065 (1940). 

(32) Grether, DuVall (to Dow Chem. Co ), U.S. 2,234,374, March 11, 1941 , C.A. 35, 3738 (1941). 

(33) Delauney, J. pharm. chim (8) 25, 254-266, 545 560 (1937), (8) 26, 177-210 (1937); Cent. 

1938, I 2019. (34) Rochaix, Pinet, BuU. sci. pharmacol. 34, 480-487 (1927), Cent. 1927, II 2684; 

C.A. 22, 443 (1928). (35) Girod, J. pharm. chim. (8) 9, 513-520 (1929); Cent. 1929, II 1815* 

C.A. 24, 163 (1930). (36) Mettler, Ber. 39, 2939 (1900). (37) Akt. Gos. fiir Anilinfabiikation,’ 

Ger. 89,556; Friedlander, 4, 156 (38) Anschutz, Anspach, Ami. 346, 318-323 (1900). (39) 

Bayer and Co., Ger. 204,780, Sept. 23, 1913; Cent. 1913, II 1350. (40) Ref. 38, pp. 338-339. 

(41) Smith, Knerr, Am. Chem. J. 8, 95-90 (1886). (42) Anschutz, Ann. 367, 203 (1909). 

(43) Brand, Pabst, J prakt. Chem. (2) 120, 207-208 (1928). (44) Bougault, Chabrier, Compt. 

rend. 213, 400-402 (1941); Chabrier de la Saulnicre, Ann. chim. (11) 17, 353-370 (1942)- C A 
38,3255(1944). 


3:4707 3, 6, 6-TRICHLORO-2, 4-DIMETHYL- 
PHENOL 

(Trichloro-m-4-xy lenol ) 


M.P. 174® (1) 


OH C^sHyOCla 


Cll 


CII3 


Beil. VI — 
VIi- 
Vl2-(460) 


Pale yellowish ndls. 

[For prepn. of C from 3,5,6-trichloro-2,4-dimethylaniline (1) via diazotization and 
hydrolysis (yield not stated) see (1).] 

[For prepn. of basic Hg and Bi derivs. see (1).] 


® 3,6,6-Trichloro-2,4-dimethylphenol methyl ether: m.p. 91.5° (1) [From C with 
Me 2 S 04 + aq. alk. (1).] 

® 3,5,6-Trichloro-2,4-dimethylphenol ethyl ether: m.p. 53.6® (1). 

® 3,6,6-Trichloro-2,4-dimethylphenyl acetate: m.p. 86® (1). 

3,6,6-Trichloro-2,4-dimethylphenyl benzoate: unreported. 



427 


SOLIDS 


3:4707-3:4711 


3:4707 (1) Bures, BorRmann, Casopia Ceskoslov. LSkdrnictva, 7, 270-280 (1927); Cent. 1938 I 
1171, C.A. 33, 4503 (1928). 


BeU. VI — 
VIi- 
Vl2-(467) 


Pale greenish ndls. from ale , AcOH, or f)ot eth. or by sublimation — Readily sol. in 
ether, CeHe, or CHCls; less sol ale. or other org solvents; insol aq. — Volatile with steam. 

[For prepn. of C from 3,4,6-trichloro-2,5-dimethylaniline (1), via diazotization and 
hydrolysis (yield not stated), see (1).] 

[For conversion of C to basic Hg or Bi dcrivs see (1) ] 

(g) 3,4,6-Trichloro-2,6-dimethylphenol methyl ether: j^ellowish ndls from dil. ale. or 
pet. ether, m.p. 91” (1) [From C with MC2SO4 + hot aq. alk (I).] 

(g) 3,4,6-Trichloro-2,6-dimethylphenol ethyl ether: aim colorless cryst , m.p. 79° (1). 
[From C with Et2S04 + hot aq. alk. (1).] 

(g> 3,4,6-Trichloro-2,6-dimethylphenyl acetate: pr. from ale. + ether, m.p. 103° (1). 

[From C with AC2O (10 pts.) trace of H2SO4 on htg (1) ] 

(g) 3,4,6-Trichloro-2,6-dimethyIphenyl benzoate: hexag. pr. from ale. or pet. ether, 
m.p. 101° <1). [From C with benzoyl chloride + aq alk. (1).] 

3:4709 (1) Bures, Rubes, Collection Czechoslov Chem. Conimun. 1, 648-057 (1929), C.A. 34, 1851 
(1930) also in Casopis C'eakodov. Likdmictva, 8, 225-231, 258-264 (1928), Cent. 1939, 1 506-507; 
C.A. 33, 3674 (1929). 


3:4709 3,4,6-TRICHL0R0.2,6- 
DIMETHYLPHENOL 

(Trichloro-p-xy lenol ) 


M.P. 175° (1) 


OH C 8 H 7 OCI 3 

Clf^CHs 

CHai^Cl 

Cl 


3:4711 c/,/-a,a'-DICHLOROSUCCINIC 
ACID 

(aZZo-Dichlorosuccinic acid; 
isodiclilorosuccinic acid) 


coon C4H4O4CI2 
H— i— Cl 
Cl— i— n 

iooH 


Beil, n - 619 
ni-(867) 
n2-(S67) 


M.P. 17S'’ U.C. 

174-175° dec. 

173° 

170-178° cor., dec. 
170° dec. 


(l> (2) (3) <4) (12) 
(5) (0> 

(7) (S> 

(9) 

( 10 ) 


[iSec also meso-a.a'-dtcMorosuccinic ax^id (3:4930).] 

Cryst. from ether + pet. ether. — C is much more sol. aq. than its meso stereoisomer; 
e.g., 100 cc. satd aq. soln of C at 0° conts. 64.0 g. C (8); C is eas. sol ether, less so in ale. 

[For prepn. of C from disodium salt of fumaric acid (1 : 0895) with CI2 in satd. NaCl soln. 
in dark or diffuse daylight at 5° (yields: 75% (7), 68% (11), 30% (1)) (11) (9) see indie, refs, 
(note that as a side reactn. some addn. of HCCl also occurs leading to as much as 13% (9) 
chloromalic acid, and that under some (capricious) circumstances the reactn. 3delds as much 
as 80% (9) of the weso stereoisomer (3: 4930)); from maleic anhydride (1 :0625) in CCl4by 
addn. of CI2 in sunlight followed by hydrolysis see (12) (9); from d,/-a,or'-diaminosuccinic 
acid [Beil. IV-487, IV2-(901)] in aq. HCl soln. with NOCl see (2); from benzoquinone 
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dichloride [Beil. VII-573] (13) or toluquinone (hchloride [Beil. VII-676] (13) by oxidn. with 
aq. KMn04 (or BaMn04) at 0® see (3); from d,i-a,a'-dichlorosuccinyl (di)chloride (3:0395) 
by aq. hydrolysis see (14).] 

C behaves as a normal dibasic acid: titration with standard dil. aq. alk. gives Neut. 
Eq. 93.6. — For study of acid strength {Ki = 372.0 X 10“'* at 16®; K 2 == 18.0 X 10“^ at 
16.7® (8) cf. (15); for study of conductivity see (4). 

[Salts (of metals): (NH4)2A.2H20 (10), K2A.H2O (6), KHA.2H2O (6), CaA.2>^H20 (10), 
Ba&.7H20 (10), CuA. 23^H20 (10), all eas. sol. aq.; SrA.7H20 (10), sol. in 15 pts. aq.; 
PbA.3H20 (10) spar. sol. aq.] 

C on boilg. with aq. (12) or with aq. KOH (7) (6) or aq. acid (6) loses 1 HCl yielding 
chlorofumaric acid (3:4853); for study of rate at 25® see (7) (16). 

[K2A in aq. soln. maintained at neutrality at 100® yields mainly (6) d,i-tartaric acid 
(1:0650).] 

C with PCls (2 moles) gives (100% yield (-14)) d,Z-ot,a'-dichlorosuccinyl (di)chloride 
(3:0395), m.p. 39°. 

® Dimethyl d,Z-a,a^-dichlorosucciiiate: m.p. 43® (see 3:0485). 

Diethyl d,/-£K,a^-dichlorosuccmate: oil (see 3:9578). 

Acid salt of C with d,f-a-phenylethyiamine : pr. from aq., m.p. 149-150®, rap. 

htg. (6); satd. aq. soln. at 25° conts. 18.67 g./liter (6). [For details of resolution 
of C with opt. act. a-phenylethylamine see (6) (1); note incidentally that, although 
m.p. of C is 175®, the m.p. of each of the opt. act. stereoisomeric form.'"> is lower, viz., 
166-167® dec. (6), 168® (1).] 

3:4711 (1) Timmermans, van Lancker, Jaife, BnU, aoc. chim. Belg. 48, 39-46, 63 (1939). (2) 
Kuhn, Zumstein, Ber. 59, 485 (1926). (3) Dimroth, Eber, Wehr, Ann. 446, 136-137, 146-146 

(1926). (4) Michael, Bunge, Ber. 41, 2912 (1908). (5) AminofP, Arktv Kemi, Mineral., GeoL, 

7, No. 9, 5 (1918) ; Cent. 1919, III 319; C.A. 14, 2119 (1920). (6) Holmberg, Arkiv Kemi, Mineral., 
Oeol. 8, No. 2, 33 (1920) ; Cent. 1921, 1 830; C.A. 16, 2116 (1922). (7) Robinson, Lewis, J. Chem. 

Soc. 1933, 1260-1262. (8) Kuhn, Wagner-Jauregg, Ber. 61, 484, 487-497 (1928). (9) Kuhn. 
Wagner-Jauregg, Ber, 61, 501, 518^521 (1928). (10) van der Riet, Ann. 280, 219-222 (1894). 

(11) Terry, Eichelberger, /. Am. Chem. Soc. 47, 1068, 1076-1077 (1925). (12) Michael, 

Tissot, J. prakt. Chem. (2) 46, 392-393 (1892). (13) Clark, Am. Chem. J. 14, 556-557, 567-668 
(1892). (14) Lutz, J. Am. Chem. Soc. 49, 1110 (1927). (15) Holmberg, J. prakt. Chem. (2) 

84, 164-165 (1911). (16) Holmberg, Z. physik. Chem. 79, 165-167 (1912). 

3:4713 2,4,6-TRICHLORO-3,6 
DIMETHYLPHENOL 
(Trichloro-7/i-5-xylenol) 

M.P. 177-178® (1) 

176-177® (2) (4) 

Yellow ndls. from It. pet. 

[For prepn. of C from 3,5-dimethylphenol (w^6-xylenol) (1 : 1455) with CI2 in hot CCI4 
(87% yield (1)) or by action of CISO3H -f cone. HCl -f H2O2 (2) see indie, refs.; for formn. 
of C from 3,5-dimethylphenol-2,4-5M-(sulfonyl chloride) (2) by preliminary KOH hydrolysis 
followed by action of cone. HCl -f 30% H2O2 see (2) cf. (4).] 

C with fumg. HNOa is oxidized (64% yield (1)) to 2,6-dichloro-3,6-dimethylbenzo- 
quinone-1,4 (3,5-dichloro-wi^xyloquinone), yel. Ifts., m.p. 177-178® (1), 178® u.c. (3). 

[C with NaN02 in AcOH at room temp, gives (48% yield (1)) of a mol. cpd. contg. 2 
moles C + 1 mole of 2,6-dichloro-3,5-dimethylbenzoquinone>l,4 (above), crimson cubes 
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from CCI4, becoming yellow at 118-119° without melting, but fusing slowly from 133- 
164° (1).] 

3:4713 <1) Raiford, Kaiser, J. Org. Chem. 4 , 565, 567 (1939). (2) Katscher, Lehr, Monatah. 
64 , 239-240 (1934). <3) Claus, Runschke, /. prakt. Chem. (2) 42 . 124 (1890). <4) Lehr, Anilin 
Farben^Ind. (JSuas.) 4 , 77-84 (1934); Cent. 1935 , 1 1365; not in C.A. 


C8H7O2CI BeU. IX.479 
IXi- 


Ndls. from dil. ale. 

(For formn. of C (in very small jdeld) from 5-chloro-l,3-dimethylcyclohexadiene^,6 
(5-chloro-l,2-dihydro-m-xylene) [Beil. V-119, Vi-(64)] by oxidn. with boilg. 30% HNOs 
see (1).] 

• C on oxidn. with KMn04 gives (1) 5-chlorobenzenedicarboxylic acid-1,3 (5-chloroiso- 
phthalic acid) (3:4960), m.p. 278° (1), together with a little 5-hydroxybenzenedicarbo3^1ic 
acid-1,3 (5-hydroxyisophthalic acid) [Beil. X-504, Xi-(257)], m.p. 288°. 

3:4715 ( 1 ) Klages, Knoevenagel, Ber. 28, 2045-2046 (1895). 

COOH 

3:4720 G-CHLORO-S-HYDROXYBENZOIC C7H6O3CI Beil.X.143 

IJoH 

M.P. 178-179° (1) 

178° (2) (6) 

177-178° (3) 

176-177° <3) 

175° (4) 

169-170° (5) 

Colorless cryst. from aq. [loniz. const, of C at 25° = 1.40 X 10“« <6)]. 

[For prepn. of C from 6-chioro-3-aminobenzoic acid [Beil. XIV-412, XIVi-(665)] via 
diazotization and boilg with aq. (yield: 60-70% (4) 10% (3)) see indie, refs.; from 6-amino- 
3-hydroxybenzoic acid [Beil. XIV-591] via diazotization and use of CU2CI2 (?) see (1); from 
6-chloro-3-hydroxytoluene (3:1535) via conv. with POCI3 to 4-chloro-3-methylphenyl- 
phosphoric acid, oxidn. with KMn04 to 4-chloro-3-carboxyphenylphosphoric acid, and 
finally acid hydrolysis to C see (3); for formn. of C from methyl ether of C (see below) by 
cleavage with HI see (5), from ethyl ester of C (see below) by hydrolysis with 35% KOH 
see (2); from m-hydroxybenzoic acid (1:0825) with CI2 in MeOH (7) or in AcOH (1) see 
indie, refs ] 

[C on distn. with Ba(OH)2 yields <5) p-chlorophenol (3:0475).] 

[C with cinnamic acid (1 :0735) in cone. H2SO4 + a few drops fumg. H2SO4 (18% SO3) 
gives (29% jdeld <3)) anthracoumarin, golden-yel. ndls. from AcOH or by sublimation, 
m.p. 274° (3).] 

(p Methyl 6-chloro-3-hydroxybenzoate: tbls. from dil. ale., m.p. 100° <2). [From C in 
MeOH with cone. H2SO4 (2).] 


3:4716 6-CHLORO-3-METHyLBENZOIC COOH 



M.P. 178° (1) 
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Ethyl 6-cliloro-3>hydroxybenzoate: not Bpecifically characterized. [For formn. 

(together with the isomeric ethyl 2-chloro-3-hydroxybenzoate) from ethyl 7/i-hydroxy- 
benzoate (1:1471) by actn. of SO 2 CI 2 see (2).] 

6>Chloro-3-methozybenzoic acid: ndls. from AcOH, m.p. 173.5° (9), 170-171° 

(2) (8). [Prepd. indirectly from methyl ester (above) with McI + McOH/KOH, 
followed by hydrolysis with 35% KOH; also from 6-chloro-3-mcthoxytoluene by 
oxidn. with KMn 04 (5), or from 6-chloro-Jl-methoxybenzaldehyde by oxidn. with alk. 
KMn04 (8).] 

3:4720 (l) Beyer, Rec. trav. chim. 40, 628 (1921). (2) Mazzara, Gazz. chim. ital. 29, I 376-379 

(1899). (3) Minaev, Ripper, Munatah 42, 76-80 (1921); J. Russ. Phys -Chcm. Soc. 673-679 

(1922/23); Cent. 1924, 1 905. (4) Minaev, J Russ Phys -Chcm. Soc 58, 113-1 IS (1926); Cent. 

1926, II 2295. (5) Poiatoner, Condorelli, Gazz. chim. ital 28, I 214 (1898). (6) Coppadoro, 

Gazz. chim. ital 32, 1 547 (1*K)2) (7) Plazek, Roczniki Chcm. 10, 761-776 (1930); Cent. 1931, 

I 1428; C.A. 25, 1504 (1931). (8) Hodgson, Beard, J. Chcm. Sue. 1926, 154. (9) Gibson, J. 

Chem. Soc. 1926, 1428. 

3:4786 l,l,l,2-TETRACHLORO-2- 9®* C 4 H 6 CI 4 

METHYLPROPANE CII 3 — 

ii 

MJ». 178.6-179.6° (1) B.P. 193° cor. at 1176 nun. ( 1 ) 

C can be purified by sublim4ation or by recrystn. from ale ; difficult to separate, however, 
from l,2,3-trichloro-2-methylpropane (3:58<S5), bp 162-163 1° (1). — C is easily volatile 
with steam; cas sol ale or ether. 

[For formn of C (together with other products) from l,l,2-trichloro-2-methylpropane 
(3:5710) or from <er-butyl chloride (3:7045) with CI 2 sec (1); for formn. of C together with 
other products) from /S,/:^,/a-trichloro-<er-butyl alcohol (“ Chloretone ”) (3:2662) -f PCls 
see (2).] 

C on htg. in s.t with aq. at 180° yields (3) a-chloroisobutyric acid (3:0235). 

3:4725 (1) Rogers, Nelson, J. Am. Chem Soc. 58, 1027-1029 (1936). (2) Willgerodt, Diirr, 

Ber. 20, 539-540 (1887). (3) Willgerodt, Duir, J. prakl. Chem. (2) 39, 284 (1889). 


Beil. I - 136 

11- 

12- 


3 : 4740 1,1,1,2,3-PENTACHLOROPROPANE 

(wnsi/m.-Pcntachloropropane ) 


H 


CICH2— C— CCI3 

ci. 


C 3 H 3 C 16 


Beil. 1-107 

11- 

1 2 - 


M.P. 179-180° (1) 

178° (2) 

Colorless ndls. (from hot ale.) with camphoraceous odor. — Sublimes readily. — Insol. 
aq.; sol. org. solvents. [New comml. prod. (1942) in U.S.A.] 

[For prepn. from l,l,l-trichloropropene-2 (3:5345) by actn. of CI 2 in diffuse light see 

( 1)1 

[For use as plasticizer with cellulose acetate films see <3).] 

3:4740 (1) Victoria, Rec. trav. chim. 24, 282 (1906). (2) Henry, Rec. trav. chim. 24, 342 (1905). 

(3) Spicers, Ltd., Hand, Biit. 279,139, Nov. 17, 1927; French 126,166, Aug. 4, 1927* Cent 1928* 
I 770. ’ ' 
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3:4742 4,6,6-TRICHLORO-2,3- 
DIMETHYLPHENOL 

(Trichloro-o-3-xylcnol ) 

M.P. ISO-lSl*’ (1) 



C8H7OCI3 


Beil. VI — 
VIi- 
Vl2-(454) 


Ndls. from dil. ale. or It. pet. 

[For prepn. of C from 5-chloro-2,3-dimethylphenol (5-chloro-o-3-xylenol) (3:2115) with 
CI 2 in It. pet. ether sec (1).] 


4,6,6-Trichloro-2,3-dimethylphenyl acetate: unreported. 

(g) 4,6,6>Trichloro-2,3-dimethylphenyl benzoate: m p. 128-129° (1), 

3:4742 (1) Hinkel, Collins, Ayliug, J. Chem. Soc. 123, 2971 (1923). 


3:4745 3-CHLORO-2-HYDROXYBENZOIC 
ACID I 

(3-Chlorosalicylic acid) 


M.P. 180-182° (1) 

180° (2) (6) 

178° (3) 

170° (4) 


COOH 



C7H6O3CI 


Beil. X - 101 
Xi-( 47) 


Colorless ndls. from aq. or dil. ale.; 100 pts. aq. at 3.6° dis. 0.8 g. C; eas. sol. ale., AcOH, 
or CHCI3. — Volatile with steam; sublimes with slight decompn. 

[For prefm. of C from o-chlorophenol (3:5980) by treatment of dry sodium salt with 
CO 2 at 140-150° under press, see (3); from 5-sulfo-2-hydroxybenzoic acid (Snsulfosalicylic 
acid) [Beil. Xl-411, Xli-(106)J in AcOH wnth CI 2 followed by hydrolysis of the resultant 
3-chloro-2-hydr()xy-5-sulfobenzoic acid with superheated steam (72% yield) see (1); from 
chloral-3-chlorosalicylamido (see below) by hydrolysis with 10 ])ts boilg. 10% NaOH for 
6 hrs (86% yield) see (1); for formn of C from 7-chlorosaccharui (4) by NaOH fusion see 
(4); for formn from salicyhc acid (1 0780) in Na 2(^03 soln. with CI 2 (5-chloro-2-hydroxy- 
benzoic acid (3:4705) is also formed) see (13).l 

[For reactn of C with methylencdisahcylamide in prepn. of dye intermediates by oxidn. 
with NaN02 see (5) ] 

[C on reductn. with Na/IIg in pres, of H3BO3 yicIdsfO) cf. (7) 3-chloro-2-hydroxybenzaldo- 
hyde (3 : 1010) ; C with CISO3H at 50-70° yields (8) 5-chlorosulfonyl-3-chloro-2-hydroxy- 
benzoic acid, cryst. from CHCI3, m p. 163-104° (8), which with Zn dust in ale. yields (9) 
3,3'-dichloro-4,4'-dihydroxy-5,5'-dicarboxydiphenyl disulfide, m.p. 258-259° (9), w'hich 
in turn with alk. Na 2 S 204 undergoes reductive cleavage to 3-chloro-2-hydroxy-5-thiol- 
benzoic acid (3-chloro-5-thiolsalicylic acid), m p 210° (9) ] 

[C wnth PCI5 in low-boilg. pet. ether yields (2) 3-chlorosalicyloyl chloride, ndls. from 
pet. ether, m.p. 62-63° (2); this prod, on htg. yields (2) a mixt. of 3-chlorosalicylids : C with 
l^Cls yields (2) 6-chloro-2-chloroformylphenyl metaphosphite Cl.CO.CeHaCl.O.PO, m.p. 
abt. 65° (2).] 

C in aq. soln. gives with FeCL an intense violet color. 

Salts. Na5. (3), IvA (1), CaAa.SHaO (1); BaA2.3H20 (3), AgA (1); for details see indie, 
refs. 
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Methyl 3 -chloro- 2 -hydroxybenzoate (methyl 3-chlorosalicylate) : ndls. from 

MeOH, m.p. 38° ( 2 ), b.p. 259-260° sL dec. (3). [From C in MeOH with HCl gas (3), 
or from 3 -chlorosalicyloyl chloride (above) in MeOH (2).] [For formn. from methyl 
salicylate (1:1750) with chloropicrin under influence of light see ( 10 ) ( 11 ),] 

Ethyl 3 -chloro- 2 -hydroxybenzoate (ethyl 3-chlorosalicylate) : ndls. from cold ale., 

m.p. 21 ° ( 2 ), b.p 269-270° ( 2 ), 147° at 12 mm. (2). [From 3 -chloro 8 alicyloyl chloride 
(above) with EtOH (2),] 

® 3 -Chloro- 2 -methoxybenzoic acid: white ndls. from ale., m.p. 120-121° (1). [From 
C in dil. aq. KOH by shaking with Me 2 S 04 in cold, followed by hydrol. of the intermed. 
ether-ester with hot aq. KOH and subsequent acidif. ( 1 ).] — [For nitration with mixt. 
of HNO 3 (D - 1.5) + cone. H 2 SO 4 at 20-30° giving ( 100 % yield) 3-chloro-2-methoxy- 
5 -nitrobenzoic acid, m.j). 155.5°, see (14).] 

® 3-Chloro-2-hydroxybenzamide (3-chlorosalicylamide) : white ndls. from dil. ale., 
m.p. 174-175° (1). [From methyl S-chlorosalicylate (above) or from 3-chloroBalicyloyl 
chloride (above) with cone. aq. NH 4 OH in cold (1).] — [This prod, with chloral (3 : 5210) 
gives on warming ( 12 ) chloral-3-chloro8alicylamide, colorless ndls. from ale., m.p. 
159-160° ( 12 ) ( 1 ), also obtd. from chloral-salicylamide in AcOH with CI 2 (1).] 

® 3-Chloro-2-hydroxybenzanilide (3-chlorasalicylanilide) : colorless ndls. from ale., 
m.p. 158.5-159° (2). [lYom 3-chlorosalicyloyl chloride (above) with 2 moles aniline 
in ether soln. ( 2 ),] 

3:4745 (1) Hirwe, liana, Gavankar, Proc. Indian Acad Sd A-8, 208-213 (1938). (2) Anschiitz, 
Anspach, Ann. 346, 312-317 (1906). (3) Varnholt, /. prakt. Chem. (2) 36, 22-24 (1887). (4) 
Reissert, Cramer, Ber. 61, 2565 (1928). (5) Durand, Hiaguenin, Brit. 183,123, Sept. 6, 1922; 
Cent. 1922, IV 1171. (6) Farbenfabriken vorm. F. Bayer & C©., Ger. 228,838, Nov. 22, 1910; 
Cent. 1911, I 51. (7) Farbenfabriken vorm. F. Bayer & Co., Ger. 216,305, Nov. 9, 1909; Cent. 
1909, II 2107. (8) Farbenfabriken vorm. F. Bayer & Co., Ger. 264,786, Sept. 23, 1913; Cent. 
1913, II 1350. (9) British Dyestuffs, Ltd., Saunders, Mendoza, Brit. 260,058, Nov. 18, 1926; 
Cent. 1929, I 149. (10) Piutti, Atti congr. naz. chim. pura applicata 1923, 398, 437-438; Cent. 
1924, 1 2514. 

(11) Piutti, Badolato, Atti accad. Lined (5) 33, I 475-479; Cent. 1924, II 1893. (12) Hirwe, 
Rana, Ber. 72, 1351 (1939). (13) Tischenko, J. Russ. Phys.-Chem. Soc. 60. 153-162 (1928); 
Cent. 1928, II 768; C,A. 22, 3397 (1928). (14) Davies, Rubenstein, J. Chem. Soc. 123, 2851- 
2852 (1923). 


3:4747 2,5,6-TRICHLORO-3,4- 

OH 

Cl^Cl 

C 8 H 7 OCI 3 

Beil. VI — 

DIMETHYLPHENOL 

(Trichloro-o-4-xylenol) 

Cll^Ha 


VI,- 

Vl2-(466) 

M.P. 182.5° ( 1 ) 





Ndls. from pet. ether. 

[For prepn. of C from 5-chloro-3,4-dimethylphenol (6-chloro-o-4-xylenol) (3 : 2705) with 
CI 2 in CHCI 3 see ( 1 ).] 

2,5,6-Trichloro-34-dimethylphenyl acetate: unreported. 

® 2,6,6-Trichloro-3,4-dimethylphenyl benzoate: m.p. 120 ° ( 1 ) 

8:4747 (1) Hinkel, J. Chem. Soc. 125, 1853 (1924). 
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3:4750 NAPHTHALENE TETRACHLORIDB CioHsCU 


(1 ,2,3,4-Tetrachloro-l ,2,3,4- 

H Cl 

tetrahydronaphthalene ; 1 ,2,3,4- 

/\X H 

tetrachlorotetralin) 

CX 



187° dec. (1) 

183° (2) (5) (9) (20) 

180.5-181.5° (3) 

179-180° (15) 

H ^ 


[See also 5fQ,7jSr‘tetrachloro~l,2,Z,4rtetrahydronaphthalene (3:4703).! 


Beil. V- 493 

Vi- 

V2-(386) 


Cryst. from CHCI3 or ether. — Very spar. sol. boilg ale., somewhat more sol. ether. — 
For data on crystallographic consts. see (4) (5); for X-ray study of cryst. structure see 
(6) (7). — For 2.39% soln. of C in CHCI3, Df ^ = 1.48466 and ng ^ 1.44883 <8). 

[For prepn. of C from naphthalene (1 : 7200) in equal wt. CsHe with 4.3 wt. pts. SO2CI2 
refluxed 3 hrs. (15% yield) see (1); with CI2 as directed (45% yield (9)) (10) (11) (12); 
with KCIO3 + HCl see (13) (9); with dil. HOCl see (3); note that in all these methods 
numerous by-products are formed and it cannot be said that the prepn. is very satisfactory.] 
C on vigorous boilg. in small quantities evolves HCl and yields (14) 1,4-dichloronaphtha- 
lene (3:1655), m.p. 68°; with larger units numerous other prods, are also formed (14). 

C (3 pts.) with aq. (100 pts.) boiled for 48 hrs. (15) gradually dissolves and the soln. 
after conen. deposits (65% jdeld (15)) a dichloroglycol (“ dichloronaphthydreneglycol **) 
[Beil. Vl-971], cryst. from ale., m.p. 155-156° (diacetate, m.p. 130-131°; dibenzoate, m.p. 
143-150°) (15). 

C with ale. KOH on boilg. yields (2) (16) (17) (18) (19) (20) mainly 1,3-dichloronaphtha- 
lene (3:1310), m.p, 61-62°, accompanied by some 1,4-dichloronaphthalene (3:1655), m.p. 
68°, and a little 2,3-<lichloronaphthalene (3:3665), m p. 120°: note that the prod., m.p. 
38°, supposed by the earher workers to have been 1,3-dichloronaphthalene has been shown 

(19) to consist of a mixt. (possible mol. cixl.) of 1,3-dichloronaphthalene and 1,4-dichloro- 
naphthalcne. 

C on o?ddn. with 8.7 wt. pts. cone. HNO3 (D == 1.45) at 100° under reflux for ^ hr ^ves 

(20) 2,3-dichloronaphthoquinone-l,4 (3:4857), m.p. 196° (20); but C on oxidn. with boilg. 
HNO3 also yields (21) (13) (presumably by further oxidn of the above precursor) phthalic 
acid (1:0820) and oxalic acid (1:0445). 

C on oxidn. with Cr03/AcOH yields (20) 2,4-dichloronaphthol-l (3:3250), m.p. 106- 
107° (20). 

[C with moist silver oxide in s t. at 200° yields (19) (9) a chloronaphthol, m.p. 130° (9), 
2,3-dichloronaphthalene (3:3665), and other prods. (9).] 

[C on nitration with HNO3 {D = 1.5) at not above 30-35°, followed by htg. of prod, 
with Me0H/Na2C03 or MeOH/NaHCOa in CeHc at 130-150° (22) or with MeOH/NHs 
at ord. temp. (23), yields 5,8-dichloro-l-nitronaphthalene [Beil. V-556, V2-(453)], m.p. 94° 
(22).l 

[For conversion of C to artificial resins by htg. with metal halides such as AlCls or FeCU 
(24), or by htg. with naphthalene + a surface cat. such as fuller’s earth (25), see indie, refs.] 

3:4750 (1) Pongratz, Eichler, Ber. 69, 1295 (1936). (2) Faust, Saame, Ann. 160, 65-66 (1871). 
(3) Klingstedt, Wiese, Rudb&ck, Acta Acad. Ahoensis Math, et Phys. 4, No. 2, 1-36 (1927); Cent. 
1938, I 604; C.A. 33, 1399 (1929). (4) Hintze, /. prakt. Chem. (2) 8, 253-255 (1873). (5) 
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Groth, Chem. Krystalog. 5, 368 (1919). (6) Rol)ertson, Proc. Roy. Soc. {London) 118-A, 709- 

727 (1928). (7) Bragg, Z. Krist. 66, 27-32 (1927). {8) Kanonnikoff, J. prakt. Chem (2) 31, 

342-343 (1885). (9) Leeds, Everhart, J Am. Chcm. Soc. 2, 207-209, 210-213 (1880). (10) 

Laurent, Ann. chim. (2) 62, 275-281 (1833), 69, 201-204 (1835). 

(11) Paul, Depoully, Btill. soc chtrn (2) 4, 10-12 (1865). (12) Schwaizer, Ber. 10, 379 (1877). 

(13) Fischer, Ber. 11, 735-741, 1411 1412 (1878) (14) Krafft, Becker, Ber. 9, 1088-1090 (1876). 

(15) Grimaux, Bj^II soc. chim. (2) 18, 205-212 (1872); Coinpl rend. 76, 352-355 (1872). (16) 

Widman, Ber. 16, 2161-2162 (1882). (17) Clove, Ber. 23, 954 (1890). (IS) Armstrong, Wynne, 

Chem. News 68, 264-265 (1888). (19) Armstrong, Wynne, Chem News 61, 273, 284 (1890); 

Proc. Chem. Soc {London) 4, 106 (1888) (20) Helbig, Ber. 28, 505-507 (1895). 

(21) Laurent, Ann. chim. (2) 74, 26-27 (1840); Ann. 36, 292-293 (1840). (22) Matter, Ger. 

317,755, Dec. 29, 1919; Cent. 1920, II 601. (23) Matter, Gei 348,069, Jan. 28, 1922; Cent. 1922, 
IV 45. (24) A.G.F A., Ger. 332,391, Feb. 2, 1921, Cent 1921, II 652, Ger. 334,710, Maich 17, 
1921; Cent. 1921, II 964. (25) Schering-Kahlbaum, Freund, Jordan, Ger. 461,358, June 20, 

1928; Cent. 1929, 1 1052, Biit 202,997, Oct. 24, 1924, Cent. 1925, I 1456. 


3:4755 2,3,3-TRICHLORO-2- Cl Clh C5H9CI3 Beil. 1-135 

METHYLBUTANE cHa-i— i-CHa 

I I la- 

Cl Cl 

M.P. 182-183° (1) 
abt. 170° (2) 

(For prepn. of C from 2-chloro-2-methylhutane (3:7220) or from 2,3-dichloro-2-methyI- 
butane (3:7975) with CI2 see (2); for formn. fiom 3-chloro-2-methylbutene-2 (3:7335) + 
CI2 (10% yield together with other prods.) see (1) (an earlier product (3) obtd. by this 
latter method and to which this structure was assigiu'd was reported as a liquid, b.p. 170°, 
Di® == 1.215, nil = 1 472).] 

C is not (2) saponified by 20% aq. K2CO3. 

C on htg. with 2 moles quinoline at 195-225° gives (60% yield (2)) /y-chloroisoprene 
(3:7290). 

3:4765 (l) Tishchenko, J. Oen. Chem. {U S S.R.) 8, 12.32-1240 (1938); Cent. 1939, II 4223, 
C.A. 33, 4190 (1939). (2) Tishchenko, J. Gen Chem. {U.SS.R.) 6, 1116-1132 (1936); Cent. 

1937, I 573; C.A. 31, 1003 (1937), (3) Brochet, Ann. chim. (7) 10, 385 (1897). 


3:4775 3,4-DICHLORONAPHTHO- 
QUINONE-1,2 

M.P. 184-185° (1) 

184° (1) (2) (3) 

183° (6) 

Red tbls. or ndls. from AcOH, CeHe or CHCI3. — Spar. sol. ale., fairly eas. sol. CHCI3. — 
Sublimes undecomposed. 

[For prepn. of from l-aminonaphthol-2 hydrochloride [Beil. XlII-676, XIIIi-(274)], 
in AcOH with CI2 (68.5% yield (3)) (2) (4), or from naphthoqtiinone-1,2 (1:9062) in AcOH 
with CI2 (2), see indie, refs.; for formn. of C from 3,4-dichloro-naphthoquinonc-l,2-oxime-l 
(3,4-dichloro-l-nitroso-naphthol-2) (Beil. VII-721] on oxidn. with cone. HNO3 in AcOH 
soln. see (5); from 3,4-dichloro-3-nitro-l,2-dioxonaphthalene letrahydride-1 ,2,3,4 (Beil. 
VII-7011 with AcCl in s.t. at 100° see (6).] 



C10H4O2CI2 


Beil. VII- 721 

VHi— 
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C dis. in cold dil. aq. alk. yielding colorless soln. which upon acidification gives (90% 
yield (4)) l,2-dichloro-3-hydroxyindenecarboxylic acid-3 [Beil. X-325j, ndls with 1 H2O 
(from dil. HCl), m.p. 99-100° (4). [This prod, on oxidn. in dil. aq. or AcOH soln. with 
CrOs gives (34% yield (3)) (2) (4) l,2-dichloroindcne-l-onc-3 (“ dichloroindone ”) [Beil. 
VlI-384], gold-yel. ndls. from ale. or AcOH, m p. 89-90°.] [For behavior of C with Ca(OCl2) 
soln. see (7).] 

C with ale. NaOEt yields (8) 3-c}iloro-4-ethoxynaphthoquinone-l,2, [Beil. VIII-299], 
or.-red ndls. from ale,, m.p. 149° <8). 

C in hot ale soln. on treatment with ale. NH3 yields (2) 3-chloro-2-hydroxynaphtho- 
quinone-1 ,4-imide-4 (4-amino-3-chloronaphthoquinone-l,2) [Beil VIII-305], m.p. abt. 
260° (2). 

0 in dll. AcOH with excess SO2 (2) ri'duces to 3,4-dichloro-l,2-dihydrox3maphthalene 
[Beil. Vl-975], m.p. 125° (2). 

[For cpd. formn. of C with SnCU see (9); for reactn. of C with 2,3-dimethylbutadiene-l,3 
in CHCI3 see (10) ] 

3:4775 (1) Zinrkc, Ann. 257, 146-147 (1890). (2) Zinrkc, Bcr. 19, 2499-2500 (1886). (3) 

Brasa, Moal. Btr. 59, 1271 (1920). (4) Zincke, EnKc4hurdt. Ann 283, 347-349 (1894). (5) 

Zincke, Soliniuiik, Ann. 257, 140-147 (1890). (0) Zincke, Scharfenhers, Ann 2W, 303-304 

(1892). (7) Zincke, Schmidt, Ber. 27, 744 (1894) (8> Hiisch, Bcr 33, 2414 (1900). (9) Brass, 

Fengler, Btr. 64, 1003-1004 (1931) (10) Ficser, Dunn, ./ Am Chem. Soc. 59, 1020 (1937). 


3:4782 4,6,6-TRICHLOROPYROGALLOL 


M.P. about 1 85° dec. (1 ) 

177°u.c. dec. (2) 
175° (3) 



C6H3O3CI3 


Beil. VI - 1084 
VIi- 
VI 2 - 


Ndls. with 3 HoO, m.p. 75° (1) from ale. or CrHc ( 2); this trihydrate in vac. over H2SO4 
loses 2 H2(), the final n^O at 1 10° (2). — C is spar, sol in cold aq., CeHe, CHCI3, CCI4, or 
CS2; oas. sol ale., ether, or hot aq. 

[For prepn. of C from pyrogallol (1,2,3-trihydroxybonzeno) (1 : 1555) in 60% AcOH 
with CI2 (2), or with SO2CI2 in dry ether (3). see indie, refs.] 

[For prepn. of C from “ leucogallol ” [Beil VI-1078] or “ mairogallol ” [Beil. VI-10781 
by reduction with Zn dust + dil. H2SO4 see (1); from gallic acid (1:0875) in CHCI3 with 
Cl2_sec (4).] 

[C in CCI4 or CHCI3 prev. satd. with CI2 gives (2) “ leucogallol.”] 

C in ether soln. with aq. Ba (011)2 gives deep blue coloration; with aq. Na2S03 a fugitive 
red coloration (2). 

C with aq. h'eCls gives (4) a blue coloration. 

C with cone. HNO3 is oxidized and decomposed (2); C dis. in cold cone. H2SO4 without 
evoln. of gas but on warming decomposes (2). 

C reduces NH40n/AgN03 (1). 

■ 4,6,6-Trichloropyrogallol trimethyl ether: cryst. from ale., m.p. 54° (5). [Prepd. 

indirectly (5) ] 

4,6,6-Trichloropyrogallol triethyl ether: unreported. 

4,6,6-Trichloropyrogallol triacetate: ndls. from dil. AcOH, m.p. 125° (4), 122° <1). 

[From C on short boilg. with AC2O (1) (4).] 



3 : 478 : 9-^:4820 


DIVISION A 


436 


8:4782 (l) Hantzsch, Schniter, Bcr. 20. 2034-2037 (1887). (2) Webster, J. Chem. Soe. 
206-208 (1884). (3) Peratoner, Condorelli, Oazz. chim. ital> 28, I 226-226 (1898). (4) Bietrix, 
BvU. 80 C, chim, (3) 16, 904-906 (1896). (6) Bartolotti, Gazz. chim. ital. 27, 1 290-291 (1897). 


3:4790 2,3,4,6-TETRACHLORO. ci/^~NcOOH C 7 H 3 O 2 CI 4 BeO. IX.346 
BENZOIC ACID ^ IXi— 

M.P. 186® <1) 

Ndls. from ale. — Eas. sol. ale., ether; spar sol. aq. 

[For prepn. of C from tetrachlorophthalic acid (3:4946) by htg. with 2-3 pts. AcOH 
in s.t. at 300® for 3-4 hrs. se^ (1); by htg. with steam -f H2 at 200-400® over decarboxylating 
cat. see (2).] 

C on ^ lir. boilg. with mixt. of 2 pts. HNO3 (D = 1.48) -t- 1 pt. cone. H2SO4 gives 
(100% yield (1)) 2,3,4,5-tetrachloro-2-nitrobenzoic acid [Beil. IX-4051, Ifts. from aq., but 
no m.p. has been reported. 

Neither the action (if any) of PCls or SOCI2 on C nor the expected 2,3,4, 5-tetrachloro- 
benzoyl chloride has been recorded. 

Methyl 2,S,4,6-tetrachlorobenzoate: unrecorded. 

Ethyl 2,3,4,6-tetrachlorobenzoate: from C 4- EtOH -f HCl gas; ndls. ale., m.p. 

34.5® (1). 

2,3,4,6-Tetrachlorobenzamide: unrecorded. 

2,3,4,6-TetrachlorobenzaniUde : unrecorded. 

3:4790 (1) Tust, Ber. 20, 2439-2431 (1887). <2) Jaeger (to Selden Co.), U.S. 1,963,232, April 3, 
1934; Cent. 1934, II 669; C.A. 28, 3743 (1934). 


3:4810 2,3,4-TRICHLOROBENZOIC q/ ScOOH C 7 H 3 O 2 CI 3 Beil. IX- 346 

acid er~a 

M.P. 186-187” (1) 

Ndls. from hot aq. <1). — C does not melt under boiling water (1). 

[For prepn. from 2,3,4-trichlorotoluene (3:0425) by oxidn. with HNO3 in s.t. at 150® 
see (1); from 2,3,4-trichlorobenzaldehyde (3:2445) by oxidn. with KMn04 see (2).] [The 
latter product was probably impure (1).] 

No further data on C are recorded. 

3:4810 (1) Cohen, Dakin, J. Chem. Soc. 81, 1328 (1902). (2) Seelig, Ann. 237, 150 (1887). 


3:4820 3-CHLOROPHTHALIC ACID 



C 8 H 5 O 4 CI Beil. IX - 816 
IXi.(366) 


M.P. 189-187® (1) 

185-187® <2) 

186® (3) 

184® <4) (6) 

[Sec also MihropUhalic anhydride (3:3900).] 
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Ndls. from aq.; eas. sol. ale.; eas. sol. ether (use in sepn. from phthalic acid (1:0820) 
{6). — 100 pts. aq. at 14® dis. 2.16 pts. C (6). — (For sepn. of C from o-chlorobenzoic acid 
(3:4150) by use of CHCU see (7).l 

[For prepn. of C from 3-chlorophthalic anhydride (3:3900) by hydrolysis with boilg. 
dil. HCl see <3) (6); from 1,5-dichloronaphthalene (3:3200) by oxidn. with CrOa/AcOH 
see (5); from 5-chloro-l,2,3,4-tetrahydronaphthalene (Beil. Vi-(237)] (1) by oxidn. i^ith 
KMn04 see (1); from 3-chloro-2-methylbenzoic acid (3:4435) by oxidn. with KMn04 
see_(8).] 

C on htg. above its m.p. yields (5) (8) 3-chlorophthalic anhydride (3:3900). 

[C on KOH fusion yields (8) (note rearrangement) 4-hydroxyphthalic acid [Beil. X-499, 
Xi-(255)], m.p. 204r-205®, with conv. to corresp. anhydride, m.p. 171®.] 

[C with steam passed over cat. at 350® loses C!02 presiunably yielding (9) o-chlorobenzoic 
acid (3:4150) and/or ?w-chlorobenzoic acid (3:4392).] 

[C htd. with Hg(OAc)2 in AcOH as directed (2) gives art/ii/dro-2-hydroxymercuri-3-chloro- 
benzoic acid which on htg. with aq. HCl yields m-chlorobenzoic acid (3:4392).] 

Salts. AgnA, ndls. from hot aq. (5); BaA, eas. sol. cold aq., but spar. sol. hot aq., on 
protracted boilg. with aq. gives monohydrate which is insol. Cold aq. (8). 

Esters. The neutral dimethyl and diethyl asters of C are unreported: of the various 
possible acid esters only ethyl hydrogen 3-chlorophthalate, m.p. 118-119® (1), has been 
reported. 

3:4820 (1) von Braun. Larbig. Kredel, Ber 56, 2337-2338 (1923). (2) Whitmore, Culhane, 
J. Am. Chem. Sac. 61, 602-605 (1929). (3) Bogert, Boroschek, J. Am. Chem. Soc. 23, 751 (1901), 

(4) Egerer, Meyer, Monatsh. 34, 81 (1913). (5) Guareschi, Gazz. chim. ital. 17, 120-122 (1887). 
(6) Smith, J. Chem. Soc. 1933, 1643-1644. <7)'Jaeger (to Selden Co ), U.S. 1,685.634, Sept. 25, 
1928; Cent 1929, I 807. <8) Krliger, Ber 18,‘ 1759 (1885). (9) Jaeger (to Selden Co.), U.S. 
1,953,231, April 3, 1934; Cent. 1934, II 1688. 

3:4830 4,6-DICHLOROPHTHALIC O CgHgOsClz Beil. XVm - 483 

ANHYDRIDE jl, XVni-(S64) 



h 


M.P. 187.5-188® cor. (1) B.P. 313® <4) 

187® (2) <3) 

185-187® <4) 

185® (6) 

[See aho ^.B-dichlorophthodtc acid (3:4890).] 

Tbls. or pr. from hot toluene or from CCU; spar. sol. cold but eas. sol. hot CeHe or toluene; 
very little sol. in CCI4. 

[For prepn. of C from 4,.5-dichlorophthalic acid (3:4890) by htg. at 200® <4) or by htg. 
with AcCl (2) see indie, refs.; for formn. of C (together with other isomers) from phthalic 
anhydride (1:0725) with CI2 in pres, of Fe or Fe salts at 160-260® (5), or from phthalic 
anhydride (1:0725) or 3-chlorophthalic anhydride (3:3900) with CI2 in fumg. H2SO4 in 
pres, of l2» (4) <1), see indie, refs.; for formn. of C from aq. solns. of alk. salts of phthalic 
acid (1:0820) with CI2 see (2) (6) (7).] 

[For sepn. of C from isomeric dichlorophthaiic anhydrides by means of salts of corresp. 



3:4830 


4,5-DICHLOROPHTHALIC ANHYDRIDE 
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axsids, etc., see (4) (8) (1); by means of differential hydrolysis with H2SO4 (prods, with 
no a chlorine such as C require H2SO4 of 98-100% concn., those with 1 a chlorine such as 

3.4- dichlorophthalic anhydride hydrolyze with 56-95% H2SO4, those with 2 a chlorine 
atoms such as 3,6-dichloro- or 3,4,5,6-tetrachlorophthalic anhydrides hydrolyze at H2SO4 
concns. of less than 50%) see (9).] 

C dislvd. in abs. ale. yields (4) ethyl hydrogen 4,5-dichlorophthalate, ndls from CHCI3, 
m.p. 133-134° (4). 

[C with 1 mole NH2OH.HCI -f- Na2C03 in aq. soln as directed (4) yields 4,5-dichloro- 
phthaloylhydroxylamine (A“hydroxy-4,5-dichlorophthalimidc) [Beil XX 1-504], pr from 
MeOH, m.p. 195-197° dec (4); this prod, on warming with a(| Na2C03 gives 100% yield 

4.5- dichloro-2-aminobenzoic acid (4,5-dicliloroanthranilic acid) [Beil. XIV-368, XI Vi- 
(549)1, m.p. §13-214° (4).] 

[C with steam passed over cat. at 380-420° loses CD2 presumably yielding (10) 3,4-di- 
chlorobenzoic acid (3:4925) ] 

C with benzene -f AICI3 (12) or in acetylene tetrachloride (11) gives (98% yield (12)) 

4.5- dichloro-2-(o-benzoyl) benzoic acid [Beil. Xi-(357)], cryst. from Celle (12) or toluene 
(11), m.p. 209° (12), 208° (11), which on htg. with 20 ])ts cone H2S()4 at 160° for 1 hr. 
gives (92% yield (12)) (11) 2,3-dichloroanthraquinone [Beil. Vll-788, VIIi-(413)], yellowish 
ndls. from AcOH, m.p. 267° cor. (12), 265° (11). — [C with o-xylene -f- AICI3 in acetylene 
tetrachloride gives (80% yield (11)) 4,5-dichloro-2-(3',4^-dimethylbciizoyl) benzoic acid, 
cryst. from cyclohexane, m.p. 184° (11), which with 10 pts. cone. 1I2S()4 at 100° gives (45% 
yield (11)) 6,7-dichloro-2,3-dimcthylanthiaquinonc, cryst from xylene, m p. 1105° (11) — 
C with o-dichlorobenzene (3:6055) + AICI3 4 hrs. at 100° gives (80% yield (11)) 3,4-di- 
chloro-2-(3',4'-dichlorobenzoyl)benzoic acid, cryst. from C(,Hc, mp 183°, which with 
12 pts. cone. H2S()4 6 hrs at 100° gives mainly 2,3,6,7-tetrachloroanthra(iuinono, cryst. 
from o-dichlorobenzene, m.p. 348° (11) — For analogous reactns of C with naphthalene 
(13), pyrene (14), or o-chlorotolucnc (15) see indie, refs ] 

[C with hydroquinone (1 : 1590) -f II3BO3 htd at 190° and afterward treated with hoi 
cone. H2SO4 at 150-165° (16), or C with AICI3 + NaOl htd at 200-220° (17), or C with 
p-chlorophenol (3:0475) htd. with fumg. H2SO4 4 - IlsBOs (18) gives (yield: 80% (17), 
15% (16)) 6,7-dichloro-l,4-dihydroxyanthraquinonc (6,7-(hchloroquinizarin) [Beil. VIII- 
452, VIIIi-(716)], red-br. cryst from xylene, m.p. 295.5° (17), 288° (16), (diacetate, m.p. 
125° (16), dimethyl ether, m.p. 168 5° (17)) ] 

(For use of C in prepn of pigments of the copper phthalocyanine type see (19) ] 

C with (NH4)2C03 htd. at 250° for >2 hr (20) yields 4,5-dichlorophthahmide, pi from 
ale., m.p. 221° (20) (note that behavior of C with cone aq. NH4()H is different yielding 
(4) 4,5-dichlorophthalamic acid (not specifically characterized) which with alk. NaOOl 
gives 4,5-dichloro-2-aminobenzoic acid (above)). — [For behavior of C with hydrazine 
hydrate in AcOH yielding corresp. cyclohydrazidc sec (21) ] 

C (1 pt ) in boilg. AcOH (6 ptii.) treated with aniline (1 pt.) givc's (82% yi(*l(l (1)) 4,5- 
dichlorophthalanil (Ar-phenyl-4,5-dichlorophthalimide) [Beil. XXlr(391)], cryst. from 
AcOH, m.p. 212.5-213° cor. (1). 

C on saponification with standard alkali (Sap. Eq. = 108.5), followed by acidification, 
yields 4,5-dichlorophtbalic acid (3:4890) q.v 

3:4830 (1) Pratt, Perkins, J. Am. Chem. 80c. 40 , 215-216, 218 (1918). (2) Hinkel, Ayling, 
Bevan, J. Chem. Soc. 1938 , 1876. (3) Ayling, J. Chem. Soc. 1939 , 255. (4) Villiger, Ber. 

3538-3530, 3646-3649 (1909). (6) Dvornikoff (to Monsanto Chem. Co.), U.S. 2,028,383, Jan. 

21, 1936; Cent 1936 , 1 2830; C.A. 30 , 1394 (1936). (6) Rushchinskii, J. Applied Chem. XU S.S.R.) 

7 , 1113-1115 (1934); Cent. 1936 , II 2902. (7) Rushchinskii. Russ. 41,515. Feb. 28, 1935- Cent 

1936 , II 3704; C.A. 30 , 8247 (1936). (8) Hodgson, J. Soc. Dyers Colourists 49 , 216 (1933) 
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(9) Imperial Chem. Ind., Ltd., French 749,954, Aug. 2. 1933, Cent, 1933 , II 2748-2749. (10) 
Jaeger (to Selden Co.), U.S. 1,964,516, Juno 26, 1934, Cent 1934 , II 3047. 

(11) Barnett, Goodway, Watson, Ber. 66, 1878-1879, 1884-1889 (1933). (12) Ullmann, 

Billig, Ann. 381 , 27-28 (1911). (13) Waldmann, J. jrrakt. Chem. (2) 131 , 79 (1931). (14) 
Verein fur Chem. und Metallurg. Pro<lukfion, Czecho.slovak. 46,835, Feb. 26, 1934; Cent. 1934 , 
II 518. (16) Keimatsu, Hirano, ./. Pharm Soc. Japan 49 , 20-26 (1929); CerU. 1939 , I 2533. 

(16) Frey, Ber. 46 , 1363-1364 (1912). (17) Waldmann, ,/. prakt. Chem. (2) 126 , 253- 254 (1930). 

(18) Scottish Dyes, Ltd , Bangham, Hooley, Thomas, But. 339,589, Jan. 8, 1931; Cent. 1932 , 
I 2095. (19) Imperial Chem Ind., Ltd., French 808,845, F'eb. 16, 1937; Brit. 464,126, April 12, 

1937; Cent. 1937 , II 3820, C A 31 , 6255 (1937). (20) Drew, Pcarman, J. Chem. Soc. 1937 , 
590. 

(21) Drew, Pcarman, J. Chem. Soc. 1937, 32 


3:4835 HEXACHLOROETHANE CI 3 C-CCI 3 C 2 CI 6 

(Pcrchlorocthane ) 


M.P. 


189° s.t. (1) 

187-188° (74) (115) 

187.71-188.75° cor., s.t. (7) 
187° s.t. (2) (3) 

187° (4) (5) (6) (63) (04) 

186.85-187.4° cor., s.t. (7) 
186.8° (8) 
186-187° (0) (133) 

186° (10) (75) 

185-186° (U) 

185° (12) (13) (14) (132) 

183-184° s.t. (15) 

183.0-184.0° (16) 

181° s.t. (17) 


B.P. 

185.5° at 776.7 mm. (7) 
185° at 760 mm. (18) 


Beil. 1-87 

11- (^6) 

12- (58) 


White cryst with cjimphoraceous odor which readily sublime without melting. — Cryst. 
from ale , ether, CHC^la or CSo. — C is trimorphous : below about 46° cryst C is ortho- 
rhombic, in range 46-71° cryst C is tnclinic; about 71° cryst C is cubic, at these transition 
temps volume alterations occur which have sometimes (5) been mistaken for m p.’s. — 
[For details on trimoriihism and these transitions see (19) (8) (20) (21) (25) (26); for influence 
of high press, see (22) — For crystallographic data see (20) (23) (24); for X-ray crystallog. 
data see (27) (28) ] 

C is almost abs. insol aq. and vice versa at ord temp (29); for patents on drying of 
C see (30) (31) — [For studies of vap press, of C at various temps, see (13) (4) (7) (32). — 
For prevention of “ caking ” of cryst. C by addn. of 1-10% paraformaldehyde see (33).] 
Cryoscopic const, of C, i.e , f.p. lowering per mole solute in 100 g. C, is 6.6° (34). [For 
thermal anal, of binary systems of C with naphthalene (1 : 7200) (8) (34), with phenanthrene 
(1:7240) (34), or with anthracene (1:7285) (34) see indie, refs.] 


USES OF C 

C finds many uses in industry, some based on its physical characteristics and some on 
its chem. behavior. — [E.g., for use of C as solvent for prepn. of solid solns. of I 2 for use 
in place of usual tincture see (35); for use of C as means for temporary marking of cloth 
removable at will by heat (sublimation) see (36).] 
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[For use of C as addition agent to CCI4 fire extinguishers see (37); as component of 
certain types of explosives (e.g., 75% nitrostarch 4- 20% C + 5% NaNOs) see (38); for 
use of C as mothproofing agent see (39) (40) (41) (42); for use of C as insecticide and/or 
fungicide see (43) (44); for use of C together with CS2 (45) or rotcnone (46) as insecticides 
see indie, refs.) 

C is an important component of HC smoke candles or grenades used for the production 
of screening clouds or smokes; a mixture of C with powdered metal (usually Zn) once started 
undergoes vigorous decomposition yielding ZnCb + C; other materials are usually added 
to ignite the mixture and to modify the character of the resultant smoke; for further details 
see (47) (48) (49). — [For use of this type of reactn. in prepn. of activated carbon see (153).] 

PHYSIOLOGICAL ASPECTS OF C 

[For studies of toxicity of C and its ability to penetrate skin see (50) (51) (52) cf. (160); 
for studies of C as anthelmintic see (53) (54); for study of antiseptic power of C see (55).] 

DETERMINATION OF C 

For detn. of C by reactn. with Na -h ethanolamine in dioxane followed by detn. of 
resultant chloride ion see (161). 

PREPARATION (OR FORMATION) OF C 

C is a by-product of the tech, prepn. of CCI4 (5:5100) from CS2 + CI2 (56), of prepn. 
of CHCI3 (3:5050) and of CH2Ci2 (3:5020) (57), and is found (12) (together with other 
by-products) in the high-boilg. fractn. (“ Tri-Nachlauf *') from the prepn. of trichloroethyl- 
ene (3:5170) from acetylene tetrachloride (3:5750). — For quick prepn of C from CCI4 
(3:5100) refluxed with A1 powder (80% yield (14)) or with Al/Hg (65% yield (58)) cf. 
(96) see indie, refs.; for prepn. of C from ethylene with CI2 over activated carbon at 300- 
350° (90% yield) see (59). — For many other methods of preparation, manufacture, or 
formation see below. 

From various polychloroethanes. From 1,^-dichloroethane {ethylene dichloride) 
{3:6130). [For prepn. of C from ethylene dichloride in vapor phase with CI2 + cat. (60) 
(61) or with CI2 under press. (62) see indie, refs.; note that ethylene dichloride in liq. phase 
with CI2 gives mainly (61) 1,1,2-tiichloroethane (3:5085). — Note also that 1,2-dibromo- 
ethane (ethylene dibromide) refluxed with AICI3 while treated with CI2 (63) gives C.j 

From 1,1,3,3-tetrachloroethane {acetylene tetrachloride) {3:5750). [For formn. of C 
together with other prods, from acetylene tetrachloride over pumice at 700° (64), or with 
anhydr. FeCla on htg. in s.t. (65), or with CI2 (66) in u.v. light at 50-60° (67) or X-radiation 
(68), or with CI2 over activated carbon at 300-400° (69) (70) or at 60-70° (71), or with 
CI2 in pres, of AICI3 at 20-100° (71) or at 120° under reflux (80% yield (72)), or with CI2 
in pres, of Fe at 20-80° (71), or with CI2 in CCI4 soln. (73), or even with aq. bleaching 
powder (71), see indie, refs. — (Note also that acetylene tetrabromfde with AlCla + CI2 
under reflux yields (63) C).] 

From pentachloroethane {3 6880). [For formn. of C together with other prods, from 
pentachloroethane with dry CI2 -h AICI3 at 70° (74), or with CI2 over activated carbon at 
300-400° (70), or with CI2 in u.v. light (67), or with excess F2 at 90° for 10 hrs. (16), see 
indie, refs. — (Note also that pentahromoethane with SbCls in s.t. at 160° for 2 hrs gives 

< 76)01 

From various polychloroethylenes (or acetylenes). From trichloroethylme {3:6170). 
(For formn. of C together with other products from trichloroethylene by pyrolysis over 
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pumice at 700® (64), or with anhydrous FeCU on htg. in s.t. (66), or with Clj over act. carbon 
at 60-70° (98% yield (70)), see indie, refs.] 

From tetrachloroethylene .(3:S4^0). [For prepn. and/or formn. of C from tetrachloro- 
ethylene with CI 2 (162) (76) (77) in direct sunlight (78) cf. (79) (80) (106) or in pres, of 
suitable cat. in dark at 80-100° (81), or in CCI 4 soln. at 22° (82) cf. (73) or in vapor phase 
at 40° and low press, in light and absence of oxygen (33) see indie, refs, (note that tetra- 
chloroethylene (3:5460) with CI 2 + light in presence of O 2 undergoes photo-oxidation to 
trichloroacetyl chloride (3:5420)). — For formn. of C from tetrachloroethylene with 
SO 2 CI 2 in pres, of dibenzoyl peroxide (84), or in small amt. with dibenzoyl peroxide alone 
(85), or with chlorine monoxide in CCI 4 at —20° (86), see indie, refs.] See also below 
under formn. of C from acetylene. 

From dichloroacetylene (3:6010). [For formn. of C from dichloroacetylene with CI 2 in 
CCI4 soln. see (2).] 

From various polychloromethanes. From trichloromeihane (chloroform) (3:6060). 
[For formn. of C together with other prods, from CIICI3 by pyrolysis at 425° (87), in electric 
arc (6), by actn. of radium radiation (88), or by actn. of NCI3 in sunlight (89) see indie, 
refs.] 

From carbon tetrachloride (3.6100). [For formn. of C together with other prods, from 
CCI4 by pyrolysis at 600-1500° (90) cf. (91) (76), by actn. of electric arc (6), dark elec, 
discharge (92), or radium radiation (88), with hydrogen at 600-650° (93), or with hydrogen 
over reduced Ni at 270° (94), or from CCU in mtrogen over Ge02 at 500-865° (95), see 
indie, refs.] 

[For prepn. of C from CCU (3:5100) by refluxing with A1 powder (80% yield (14)), 
Al/Hg (65% yield (58)), or A1 + AICI 3 (96), or by htg. with Cu powder in s.t. at 120° (97), 
amorphous As in s.t. at 160° (98), or molecular Ag in s.t. at 200° (99), see indie, refs.]' 

From various hydrocarbons. From methane. [For formn. of C together with other 
prods, from CH4 + CI2 in silent elec, discharge see (100).] 

From ethane. [For formn. of C together with other prods, from ethane with CI 2 in 
pres, of activated carbon or other cat. at elev. temp, see (101) (102) (103).] 

From ethylene. [For formn. of C together with other prods, from ethylene with CI 2 
over act. carbon at 120-125° (104) or at 300-350° (90% yield (59)) cf. (101) (105).] 

From acetylene. [For formn. of C together with other prods, from acetylene with CI 2 
at 650-1000° as directed (106) or at 700-950° as directed (107), with CI 2 in an inert gas 
such as N 2 or HCl over act. carbon at elev. temp. (108), or with S 2 CI 2 in pres, of 1-2% 
reduced iron (109) (110) see indie, refs. — (Note that by this mode of procedure acetylene 
tetrachloride (see this heading above) is a probable intermediate.)] 

From miscellaneous sources. C has been observed as one of the products of decomposi- 
tion of many different types of compounds contg, the — CCU group. [For example, for 
formn. of C (together with other prods.) from iodotrichloromethane on distn. (Ill), from 
bromotrichloromethane in ultraviolet light (112), from trichloroacetyl chloride (3:5420) 
at 600° (113), from trichloroacetyl bromide in s.t. at 400° (113), from trichloroacetyl iodide 
on distn. at ord. press. (113), from nitrosotrichloromethane with C 2 at 120° (114), or from 
nitrotrichloromethane (chloropicrin) with HCl gas over pumice at 400° (1) see indie, refs. 
— For formn. of C together with other prods, from trichloroacetaldehyde (chloral ) (3 : 5210) 
with CI 2 , Br 2 , or I 2 in pres. 0 / AlCU (115), from trichloroacetic acid (3: 1150) by pyrolysis 
over Th 02 , kaolin, or carbon (116), from K trichloroacetate by electrol 3 rsis of its soln. in 
aq. KOAc (15), from ferric trichloroacetate in aq. soln. in light (117) (118) (119), from 
pentachlorodimethyl ether on htg. with aq. (120), or from trichloromethyl benzoate on 
htg. (121) see indie, refs.] 

The formn. of C has also been observed in connection with certain acid chlorides [e.g., 
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for formn. of C from acetyl chloride (3:7065) with excess PCU in s.t. at 180° fl22), from 
pentachloropropionyl chloride (3:0470) with AICI3 on warming (123), from dichloromaleyl 
(di)chloridc (3:6197) with PCh at 230^ for 6 hrs. (124), or from pentachloroethyl chloro- 
formate with AICI3 at 100° (125) see indie. refs.J 

(For formn. of C from various alkanes with SbCls + I2 (126), from a mixt. of dichloro- 
propanes or from hexachlorobutadiene (3:6425) with CI2 at 400° and 30 atm. (127), from 
an electric arc between carbon electrodes in CI2 (128), from n-propyl chloride (3:7040) or 
isobutyl chloride (3:7135) with excess ICI3 in st. at 200° (129), from CaC2 with gaseous 
or liq. CI2 at 20° under press. (10), from various iodochlorides of ethylene on warming (9), 
from lignin on boilg. with SbCls +' I2 (130), from humic acid with KCIO3 + HCl (131), 
from /3,^'-dichlorodiethyl sulfide C mustard gas ”) with dry C)l2 at 100° (132), or from 
a,a,/3,d,^,^-hexachlorodiethyl sulfide or «,a,/3,/3,j8,Q!',/i'-heptachlorodiethyl sulfide wdth CI2 
in cold (133) see indie. refs.J 

CHEMICAL BEHAVIOR OF C 

Pyrolysis. [C passed over porcelain in hot tube gives (78) tetrachloroethylene (3 : 5460) ; 
C (in stream of air) pyrolyzed at 550-600° gives (57) tetrachloroethylene (3.5460) -f- 
CCI4 (3:5100) in conversions of substantially 100% — Note also that C with SbCls above 
450° yields almost exclusively (126) CCI4 (3:5100).] 

Reduction. C with granulated Zn in boilg. ale. (134), with Zn + dil. H2SO4 at room 
temp, for several days (100% yield (135)) (136) (76), with Zn + aq. above 80° (137), with 
H2 over Ni at 270° (138), or wdth ale. KSH (139) loses 2 chlorine atoms giving tetrachloro- 
ethylene (3 : 5460) [for other, less direct conversions of C to tetrachloroethylene see latter 
under preparation; also below.)] 

Oxidation. C is oxidized only with considerable difficulty [e.g., for behavior of C over 
hot CuO see (140); for detn. of chlorine in C by cat. oxidn over Fe203 (low results) see 
(141); C with Cr03/H2S04 is incompletely oxidized (142); C with 8O3 in s.t. at 150° (143) 
cf. (144) yields trichJoroacetyl chloride + S2O6CI2 ] 

Partial replacement of chlorine by fluorine. [C with F2 gas over Cu gauze cat. at 125° 
(145), or with SbF3Cl2 htd. under press. (146) (147) (148), or with SbFa -f CI2 + SbCla as 
directed (149) yields l,l,2,2-tetrachloro-l,2-difluoromothane, m p. 24r"25°, b.p. 92°, ac- 
companied by numerous other partially fluorinated jirods ] 

Behavior with alkalies. [C with solid KOH in s.t. at 210-220° for several days yields 
(150) KCl + potassium oxalate; C with ale. KOI! in s.t. at 100° for a week yields (151) 
the same prods, accompanied by ethylene and hydrogen; C with V/10 abs EtOH/NaOH 
at 25° (17), with alc.-free NaOEt in ether under press, htd. to 140° (152), yields tetrachloro- 
ethylene (3:5460) (for study of kinetics see (17)).] 

Behavior with metals. [C with alk. or alk.-earth metals is (like many other polychloro 
compounds) subject to explosion by mechanical shock; for study of sensitivity of C with 
Li, Na, K, Mg, Ca, Sr, Ba, Al, or T1 see (154). — C with " molecular Ag at 280° loses 
2 atoms of chlorine yielding (99) tetrachloroethylene (3:5460).] 

Behavior with organometallic compounds. [For behavior of C with RMgX compds. 
see (155) (166); C does not (11) react with Hg di-(p-tolyl) ] 

Behavior with NH3 or organic bases. [C with NH3 at 7^-800° gives up its halogen 
quant. (157) yielding NH4CI. — C with excess phenylhydrazine in xylene soln. on stdg. 
or on warming is reduced to tetrachloroethylene (3:5460), HCl, Celle, and N2 also being 
formed (158) (note that analogous reactns. are also shown by 1,1,2,2-tetrachloroethane 
(3 : 6750) and by pentachloroethane (3 : 5880)). — For kinetics of reactn. of C with nvridine 
or piperidine see (159).] 
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3:4840 3,6-DICHLOROBENZOlC ACID 


C7H4O2CI2 


Beil. IX > 344 
IXi-(141) 


M.P. 188® (1) (2) (3) (4) (5) 

184-185® (6) 

182.5-183® (7) (11) 

182-182.5® (8) 

Ndls. from ale. — Sublimes (10). — Very eas. sol. ale., spar. sol. aq. or Igr. 

[For prepn. from 3,5-dichlorotoluene (3:6310) by oxidn. with dil. HNO3 at 160-170® 
see (8) (7); from 3,5-diehlorobenzaldehyde (3:1475) by oxidn. with KMn04 (74% jdeld) 
see (3); from 3,5-diehlorobiphenyl (3:0360) by oxidn. with CrOa + AeOH see (9): for prepn. 
from 3,5-diaminobenzoic ae. via diazo reaetn see (1); from 4-amino-3,5-diehlorobenzoie ac. 
via diazo reaetn. see (2); from 3,.5-dichloroaniline via eonv. to aeid hydrolysis of the nitrile 
see (10); for prepn. from 5-nitro-3"Sulfobenzoie aeid via PCls and subsequent boilg. with 
alk. see (11) ] 

C added to 8 pts. fumg. HNO3 (D = 1.48), stood 2-3 hrs. at 70®, eooled, ppts. 75% 
yield 2-nitro-3,5-diehlorobenzoie ae., ndls. from dil. ale , m.p 194® eor. (5). [This prod, 
depresses m.p. of 0 (5).] 

C with PCI5 yields (12) 3,5-diehlorobenzoyl chloride, b.p. 136-137® at 25 mm. (12). 

Methyl 3,6-dichlorobenzoate : m.p. 58® (13). 

Ethyl 3,6-dichlorobenzoate ; m.p. unrecorded. [For study of velocity of hydrolysis 

see (14).] 

3,6-Dichlorobenzamide : unrecorded. 

3,6-Dichlorobenzanilide : ndls. from dil. ale., m.p. 148® (15). 

3:4840 (1) Bornwater, Holloman, Rec. trav. chim 31, 229 (1912). (2) Elion, Rec. trav. chim. 

42, 178 (1923). (3) A&inger, Lock, MonaUth. 62, 346 (1933). (4) Lock, Bock, Ber. 70, 923 (1937). 

(5) Asinger, Monatsh. 63, 390-391 (1933/34). (6) Gassmann, Hartmann, J. Am. Chem. Soc. 

63, 2393-2395 (1941). (7) Cohen, Dakin, J. Chem. Soc. 79, 1112, 1134 (1901). (8) Lellmann, 

Klotz, Ann. 231, 324 (1885). (9) Hinkel, Hey, J. Chem. Soc. 1928, 2789. (10) Claus, Staven- 

hagen, Ann. 269, 226 (1892). 

(11) Franchimont, Rec. trav. chim. 29, 376 (1910). (12) Cohen, Briggs, J. Chem. Soc. 83, 

1214 (1903). (13) Miiller, Tietz, Ber. 74, 807-824 (1941); C.A. 36, 7963 (1941). (14) Blakey, 

McCombie, Scarborough, J. Chem. Soc. 1926, 2863-2868. (15) Waters, J. Chem. Soc. 1929, 

2108. 


3:4845 6-CHLORONAPHTHOIC ACID-1 


C11H7O2CI 


Beil. S.N. 951 


M.P. 189® cor. (4) 

188-189® (1) (2) 
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Cryst. from CeHe or 95% ale. 

[For formn. of C from furoic acid (1:0475) + chlorobenzene (3:7903) + AICI3 (18% 
3deld (2)) <3) or from methyl furoate (1:3452) -j- chlorobenzene (3:7903) + AICI3 (yield 
39% (1)) see indie, refs.] 

C on decarboxylation by htg. in quinoline at 225® in pres, of copper chromite cat. for 
4 hrs. yields (2) 2-chloronaphthalene (3:1285), m.p. 58-59° <2). 


Methyl 6-chloro-l-naphthoate : b p. 165-170° at 2 mm. (1). [From methyl furoate 

(1:3452) + chlorobenzene (3:7903) + AICI3 (15% yield (1)).] 

Ethyl 6-chloro-l-naphthoate: unreported. 

(P ^-Bromcphenacyl 6-chloro-l-naphthoate: mp. 142-143° cor. (4). 


3:4845 (1) Price, Huber, J. Am. Chem. Soc. 64, 2139 (1942). (2) Price, Chapin, Goldman, 

Krebs, Shafer, J. Am. Chem. Soc. 63, 1857, 1801 (1941). (3) MoCorkle, Turck, Proc. Iowa 

Acad. Sci. 43, 205-206 (1936), Cent. 1938, II 1950, C.A. 32, 4161 (1938). (4) Horn, Warren, 

J. Chem. Soc. 1946, 144. 


3:4850 PENTACHLOROPHENOL 



Beil. VI - 194 
VIi-(104) 
Vl2-(183) 


M.P. 190.2° (1) B.P. 309 310° at 764.3 mm. si. dec. (7) 

190-191° (2) (3) (4) 195° at 16 mm. <3) 

189° <5) 

186-187° <8) (9) 

(10) (15) 

Cryst. from ale. as monohydrate, C.H2O, m.p. 174°; anhydrous ndls from CeHfi; sublimes 
in long ndls. — Very insol. aq. (17), very eas. sol ale., ether; mod. sol. CbHe; spar. sol. 
cold Igr.; for quant data on solubility in 15 solvents at 7 temps, from 0° to 60° sec (1) (17). — 
Odor pronounced only on htg ; dust of C causes sneezing — Slightly volatile with steam. 

[For general review see (1), for use as wood preservative see (17) (19); for studies on 
toxicity see (20) (21); for fate of C in organism see (22) ] 

[For prepn. sec Beil. VI-194, Vli-(104); for comml prepn. from hexachlorobenzene 
(3:4939) + NaOII + MeOH see (^2) cf. (23); from chlorination of phenol or polychloro- 
phenols in pres, of AICI3 see (13), from “ hexaclilorophenol " (3:3180) by reduction with 
SO2 in ale see (18).] 

C is acidic and in ale. soln. titrates quant, using thymol-blue (Neut. Eq. = 266.5) (1). 
[For dissoc. const, sec (2).] — C is insol. in NH4OH (1) but slowly dis. in cold Na2C03 
soln. (8). — C in alk. soln. does not couple with diazonium salts. [For siiectrophotometric 
detn. see (11).] 

Salts. See Beil. VI-104. NaA, ndls. (from acetone + Igr ), spar sol. aq. (3), NaA.H20, 
loses aq. at 110°, sol. aq., ale., ether. [For comml. application as preservative sec (1) (14).] 
— AgA, yel. ppt. turning orange on drying. — Heavy metal salts insol. aq. and often 
colored (1). 

C in alk. shaken with (CH3)2S04 (6), or C treated with diazomethanc (6), or C htd. in 
MeOH with CH3I -f- KOH (15), yields its methyl ether, pentachloroanisole, ndls. from ale., 
m.p. 108° (6), 106.5° (6). 

(© Pentachlorophenyl acetate: from C on htg. with AC2O 4- NaOAc (15) or from C in 
CS2 + AcCl + AICI3 (16); ndls. from ale., m.p. 149.5-150 5° (16), 147-148° (15). 
[This prod, is very resistant to saponification (16).] 
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(0) Pentachlorophenyl benzoate: from C + BzCl by warming in pyridine <3); ndls. from 
ale., m.p. 164-165° (3), 159-160° (15), 159° (10). [Very resistant to saponification 
(16).] 

3:4850 (1) Carswell, Nason, Ind. Eng. Chem. 30, 622-626 (1938). (2) Tiessens, Rec. trav. chim. 

50, 116, 120 (1931). (3) Biltz, Gic.so, Ber 37, 4018^4020 (1904). (4) Fcls, Z Krist. 33, 369 

(1900). (5) Mchter, Glantzstein, Ber. 49, 2481 (1916). (O) Poliak, Gebauer-Fiilnegg, MoncUsh. 

47, 11()-117 (1926). (7) Ilugouneiiq, Ann. chim. (6) 30, 545 (1890). (8) Merz, Weith, Ber. 5, 

459 (1872). (9) Zinoke, Broeg, Ann. 363, 238 (1908). (10) Brazier, McCombie, J. Chem. Soc. 

101, 976-977 (1912). 

(11) Dcichniann, Schafer, Ind. Eng. Chem., Anal Ed. 14, 310-312 (1942). (12) Smith, Livak 

(to Dow Chem. Co), US. 2.107,650. Feb. 8, 1938; Cent. 1938, I 3821; C A. 33, 2548 (1938). 
(18) Stoesser (to Dow Chem. Co.), U.S. 2,131,259. Sept. 27, 1938, Cent. 1938, II 4312; C.A. 33, 
9102 (1938). (14) (^arswell (to Monsanto Chem. Co.), U.S. 2,157,113, May 9, 1939; Cent. 1939, 

II 2720. (15) Weber, Wolff, Ber. 18, 336 (1885). (16) Barral, BuU .^oc chim (3) 13, 342-343 

(1895) (17) Carswell, llatheld, Ind. Eng. Chem. 31, 1431-1435 (1939). (18) Britton, Alquist 

(to Dow Chem C:o ), U S 2,176,417, Oct. 17, 1939; C.A. 34, 1038 (1940). (19) Hatfield, Proc. 

Am. Wood I*re.seroing As.soc 1944, 4765, C A. 39, 2631 (1945). (20) Goodnight, Ind. Eng. Chem. 

34, 868-872 (1942) 

(21) Deicdiniann, Maehle, Kitamiller, Thoma.s, J. Pharmacol. 76, 104-117 (1942); C.A. 37, 
461 (1943). (22) Maolile, Doiclimann, Thomas, J Ind. Hyg. Toxicol. 35, 192-194 (1943). 
(23) Troitsku, Voronina, Org. Chem Ind. {U B B.Ii.) 7, 240-241 (1940); C.A. 35, 3989 (1941). 


3:4853 CHLOROFUMARIC ACID Cl— C— COOH C 4 H 3 O 4 CI 

HOOC— (!— II 


M.P. i9.r (1) 

193° (2) <3) (4) 

191.5-198.6° cor. (.5) 

191.6° (0) 

191-193° (22) 

191° (S) <]()) (19) 

190-191° (7) (12) 

189° (11) 

188-189° (14) 


BeU. n - 744 
Hi- (303) 
Il2-(640) 


[See also chloromaleic and (3 •3432).] 

Tbls from AcOH. — C is very oa.s sol aq., ale. or ether; spar. sol. Celle or Igr. — C 
sublimes without forming anhydride 

[For i>ropn of C from chloromaleic acid (3.3432) by repeated evapn. with cone. HCl 
see (5) (2); from d,/-Q;,a'-dichlorosucciruc acid (3:4711) on boilg. with aq (7), or with 
aq. KOH ( 8 ) (9) or aq acid (9) see mdic icfs ; from wteso-a, a'-dichlorosuccinic acid (3:4930) 
with aq KOH at 0° sec (7) ( 8 ) (9) (note that from this source action of acid yields (9) 
both C and chloromaleic acid (3. 34^42)); from diethyl d,i-a,a'-dichlorosuccinate (3:9578) 
on hydrolysis with boilg. 30% 112^04 see (1); from diethyl chlorofumarate (3:6864) by 
evapn. with 11 H(3 see ( 6 ); from chlorofumaro(di)nitriie (b.p 172° at 74 mm., 64.0- 
04.2° at 10 mm., I)f = 1.2499, wf? - 1 49571 (22)), by hydrol. see (22).] 

[For formn. of C from diethyl oxaloacctatc [Beil. III-782, IIIi-(273), IIl 2 -( 479 )] by 
actn. of PCI5 followed by ale. KOH see (11); from acetylenedicarboxyhc acid [Beil. II- 
801, IIi-(317), Il2-(670)] with cone. HCI on stdg. 10 days at room temp, sec (12) cf. (13); 
from 3-chlorofuroic acid [Beil. XVIII-282] on oxidn. with dil. HNO 3 or from 3,5-dichloro- 
furoic acid [Beil. XVIII-283] or 4,5-diclilorofuroic acid [Beil. XVIII-283] on oxidn. with 
Br 2 /aq. see (14).] 
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C on gentle boilg. largely decomposes into CO + CO 2 + HCl (5); but C on vigorous 
boilg. splits off aq. and isomerizes (or vice versa) yielding (5) cbloromaleic anhydride 
(3:0280). — C with P 2 O 6 (6) <15), or with POCls (16) or with AcCl (5), gives on distn. 
cbloromaleic anhydride (3:0280). — C (1 mole) with chlorofumaryl (di)chloride (3:6105) 
(1 mole) at 125® for 1 hr. also yields (17) cbloromaleic anhydride (3:0280). 

[C (as K 2 A) in aq. soln. with Na/Hg is dehalogenated and reduced yielding (18) succinic 
acid (1:0530).] 

C readily reduces aq. KMn 04 . 

[C in aq. soln on protracted treatment with CI 2 gives (19) j3,/8,/8-trichloro-a,a-dihydroxy- 
propionic acid (“ triclJoropyruvic acid hydrate”) [Beil. III-623, IIl2-(408)], ndls. from 
CHCI 3 , m.p. 102 ® (19). — C does not (5) add Br 2 even at 100 ° (dif. from cbloromaleic acid 
(3:^3432)).] 

C behaves normally as a dibasic acid: e.g., titration with standard dil. aq. alk. gives 
Neut. Eq. 75.3; for study of electrometric titration see ( 2 ). 

[Salts. (NH 4 ) 2 A, eas. sol. aq. (5), but spar. sol. MeOH, EtOH, and insol. in ether, 
acetone, AcOEt, CHCI 3 , or CeHe (20) see indie, refs. — KHA, much less sol. than corresp. 
prod, from cbloromaleic acid, e.g., 100 g. of its satd. soln. at 15® corits. 3.843 g. KHA (5). — 
AgaA (10) (12). — BaA. 3 H 20 , fairly sol. aq. (10). — PbA. 2 H 20 (13).] 

[C on stdg. at ord. temp, with slight excess 0.76 N aq. KOH gives chlorine ion about 
40 times as fast (12) as the isomeric cbloromaleic acid (3:3432).] 

The acid (di)chloride corresp. to C, viz., chlorofumaryl (di)chloride (3:6105), has been 
reported only by indirect means. 

Dimethyl chlorofumarate: oil (see 3:6582). 

Diethyl chlorofumarate: oil (see 3:6864). 

(P 6 is-(^-Nitrobenzyl) chlorofumarate: m.p. 138.5® (21). [From Na 2 A with p-nitro- 
benzyl bromide in 63% ale. refluxed 2 hrs. (21).] 

Chloromaleanil [iV'-phenyl-chloromaleinimide] : ndls. from boilg. ale., m.p. 170° 

(17). [From aniline salt of C on htg. for a few minutes at 170®-180°; note that during 
the process isomerization occurs and therefore that the prod, is the same as similarly 
obtd. from cbloromaleic acid (3:3432) q.v.j 
© Chlorofumaro-5is-(^-chloroanilide): pale yel. ndls. from ale , m.p. 223® (17). [From 
chlorofumaryl (di)chloride (3:6105) with p-chloroaniline (4 moles) m diy ether; note 
that crude prod, is also accompanied by a little Ar-(p-chlorophenyl)-cliloromaleinimide, 
m.p. 175® (17).] 

® Chlorofumaro-5is-(^-bromoanilide): faintly yel. ndls. from boilg. ale., m.p. 236® 
(17). [From chlorofumaryl (di)chloride (3:6105) with p-bromoaniline (4 moles) 
in dry ether; note that crude prod, is also accompanied by a little A^-(p-bromophenyl)- 
chloromaleinimide, m.p. 190® (17).] 

3:4863 (1) Patterson, Todd, J. Chem. Soc. 1929, 1769, 1770. (2) Ashton, Partington, Trans, 

Faraday Soc. 30, 602, 606-606, 608 (1934). (3) Langaeth, Z. phyaik. Chem. 118, 64 (1926). 

(4) Stelling, Z. phymk. Chem. B-24, 410, 424 (1934). (6) Perkin, J. Chem. Soc. 63, 697-700, 
703-706 (1888). (6) von Auwers, Harres, Ber. 63, 1686-1687 (1929). (7) Michael, Tissot, 

J. prakt. Chem. (2) 46, 393-396 (1892). (8) Robinson, Lewis, J. Chem. Soc. 1933, 1260. (9) 
Holmberg, Arkiv Kemi, Mineral., Geol. 8, No. 2, 33 (1920) ; Cent. 1931, 1 830; C.A. 16, 2116 (1922). 
(10) Kauder, J. prakt. Chem. (2) 31, 29-32 (1886). 

(11) Nef. Ann. 376, 223-226 (1893). (12) Michael, J. prakt. Chem. (2) 63, 306-308, 321-322 

(1896). (13) Bandrowski, Ber. 16, 2696 (1882). (14) Hill, Jackson, Am. Chem. J. 13, 36, 60, 

116 (1890). (16) Walden, Ber. 36, 2886-2886 (1897). (16) Thomas-Mamert, BuU soc. chim. 

(3) 13, 847 (1896). (17) Chattaway, Parkes, J. Chem. Soc. 136, 466 (1924). (18) Perkin, Ann. 

139, 373-374 (1864). (19) BUchner, Ber. 36, 666-667 (1893). (20) McMaster, Magill, J. Am. 
Chem. Soc. 38, 1802-1803 (1916). 



449 


SOLIDS 


3:4853-3:4854 


(21) Lyons, Reid, J, Am. Chem. Soc. 1733 (1917). (22) Mommaerts, BuU. elaaae «c».» 
Acad. roy. Bdff. (5) 27, 679-597 (1941); Cent. 1943, 1 615-616; C.A. 88, 3621 (1944). 


3:4854 meso>l,2.DICHLORO-l,2. 
DIPHENYLETHANE 

(mc5o-a, a'-Dichlorobibenzyl ; 
“ a **H3tilbeiie dichloride) 



C14H12CI2 


BeU. V - 600 
Vi-(a8i) 
V2-(507) 


M.P. [194.5-195.5* cor. (1) (15)1 


193-194° 

(25) 

193° 

(2) (6) 

192.4^193.4° 

cor. (3) 

192-193° 

(8) (19) <22) 

192° 

(4) (5) (6) 

191-193° 

(7) (17) 

191-192° 

(16), U.C. (15) 

190-192° 

(21) 

191° 

(9) (10) 

190.5-191° 

(11) 

190° 

(12) (13) 

189-190° 

(14) 

188-189° 

(20) 


[See also the isomeric d,l or “ /3 ^^-stilbene dichloride (3:2570).] 

Colorless ndls. from ale., AcOH, CeHs, toluene, or Igr. — Spar. sol. hot ale., eas. sol. 
hot toluene. — Sublimes. 

PREPARATION OF 6 
From Binuclear Initial Materials 

From stilbene (<rorw-l,2-diphenylethylene). [For prepn. of C from l,2-(liphenylethylene 
(stilbene) (1:7250) with CI2 in CHCI3 (8) (16), with CI2 in ether in sunlight (17) (some 
/3 "-stilbene dichloride (3:2570) is also formed), with CI2 in ethane soln. (note low temp.) 
in sunlight (gives 34.4% yield C + 48.7% 3deld diastereomer (3:2570) (15)) see indie, refs.; 
with pels (2 moles) in CHCI3 soln. (6) or with PCU in POCI3 in s.t. at 170° (2) see indie, 
refs.; with S02Ci2 in presence of peroxides at room temp, (yield of crude mixt. is 100%; 
sepn. of isomers gives 45% C + 33% diastereomer (3:2570) (7)), with nitryl chloride 
(CINO2) in ether (57% yield (18)), see indie, refs.] 

From isostilbene (ci5-l,2-diphenylethylene). [For prepn. of C from isostilbene with* 
PCI5 in CeHe stood 2 days at room temp, see (6).] 

From bibenzyl. [For formn. of C from bibenzyl (1 : 7149) with chromyl chloride (Cr02Cl2) 
in CS2 (other prods, are also formed) see (19).] 

From a,a'-dibromobibenzyl (stilbene dibromide). [For formn. of C from the higher- 
melting diastereomer (m.p. 236°) of stilbene dibromide [Beil. V-602, Vi-(282), V2-(508)] 
with SnCU in CeHe on refluxing ^ hr. (5) (note that at ord. temp, replacement is only 



3:4864 meso-l,2-DICHLORO-l,2-DIPHENYLETHANE , 450 

partial and yields (5) only stilbene chlorobromide, m.p. 226°) or with HgClj in acetone/ 
CHCls refluxed 11 hrs. (poor yield (11)) see indie, refs.] 

H H 

I I 

From a^'-dihydroxybibenzyl (Cells — C — C — CeHe). 

I I 

OH OH 

From meso-hydrohenzoin. [For prepn. of C from meso-hydrobenzoiri [Beil. VI-1003, 
VIi-(490)] with PCI 5 (2 moles) (20) cf. (15) (yield 43% C + 22% diastereomer (3:2570) 
(8) (16)), with PCI 3 (8) (16), or with SOCI 2 in Celle + pyridine (100% yield (10)) (13) 
see indie, refs.) 

From dJ,-hydrobmzoin (isohydrohenzoin). [For prepn. of C from isohydrobenzoin [Beil. 
VI-1004, VIi-(490)] with PClg (27-32% C + much resin (8)) (16) (20) or with PCI 3 (8) (16) 
sec indie, refs.; note, also, that /-isohydrobenzoin with PCI 5 in CHCI 3 refluxed 2 hrs. gives 
(45% yield (1)) C.] 

From Of-chloro-a'-hydroxybibenzyl. [For formn. of C from a-chloro-a'-hydroxybibenzyl 
(m.p. 77°, corresp. p-nitrobenzoate, m.p. 103-104° (3)) with SOCI 2 in CllCb see (3); note 
that by this method C is formed exclusively.] 

From a-amino-a'-hydroxybibenzyl. [For prepn. of C from d,/-a-amino-a'-hydroxybi- 
benzyl with PCI 5 (42% yield ( 21 )) or with NOCl (1) see indic. refs ; note also that d-a- 
amino-a^-hydroxybibenzyl in HCl with NOCl gives (1) 13% C + 24% of I- ’^-stilbene 
dichloride (3:2570) while ^■a-amino-a'-hy(lroxybibenzyl in HCl with NOCl gives (1) 14% 
C + 17% d-* /3 ’’-stilbene diehloride (3:2570).] 

From Mononuclear Initial Materials 

From benzal (di) chloride. [For formn. of C from benzal (di)chlorido (3:6327) by bi- 
molecular reduction with II 2 + Pd in ale. soln. (22), or with H 2 + hydrazine hydrate in 
MeOH/KOH (20% yield (12)), or with excess cone. (2 molar) MeMgl in ether refluxed 
2 hrs. (22% yield (14)), or with excess CellsMgBr similarly (14), or by action of Ni on 
htg. in CO 2 (23), sec indic. refs.] 

From benzotrichloride. [For formn. of C from benzotrichloride (3:6540) by actn. of 
Ni on htg. in atm. of CO 2 sec (23).] 

From Miscellaneous Initial Materials 

[For formn. of C from diphenylacetaldehyde [Beil. VII-438, VIIi-(2.34)] with PCls in 
CeHe under reflux 2 hrs. (41% yield) see (3) ] 


CHEMICAL BEHAVIOR OF C 

* Action of heat. C on repeated htg. above its m.p. is partially isomerized to its diastoreo- 
isomer (3:2570) as a result of which the m.p. of the sample gradually falls to about 160° 
but not lower (8) (16). 

Reduction. C with Zn dust -f AcOH gives good yields (24) of <rans-l;2-diphenyl- 
ethylene (stilbene) (1:7250), m.p. 124°. 

' Hydrolysis. [No study of the direct hydrolysis of C appears to be recorded. — However, 
C with AgOAc in boilg. AcOH gives an ester which upon hydrolysis gives (60% yield 
(8) (16)) almost exclusively <i,Z-hydrobenzoin (isohydrobenzoin), accompanied by a little 
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hydrobenzoin; with AgOBz, however, much more of the latter results; however, see also 
below.] 

Other reactions. C with ale. KOH on warming under reflux (20) or in an autoclave at 
180° (2) splits out 2 HCl yielding diphenylacetylene (tolane) [Beil. V-656, Vi-(319), V 2 - 
(568)], m.p. 60°. — C with pyridine in s.t. at 200° for 8 hrs. does not (17) split out HCl 
(dif. from the “jS” stereoisomer (3:2570) q.v ) 

[C with Lil in ale. refluxed 2 hrs. is little affected but in s t at 2(K)° for 3 hrs. gives (11) 
(presumably via halogen interchange and subsequent loss of I 2 ) a little tra/is-l ,2-diphenyl- 
ethylene (stilbene) (1:7250). — C with Nal in ale. is unchanged even at 150° in s.t.; 
using AcOH as solvent, however, in s.t. at 210° stilbene (1:7250) is formed (11). — C 
does not (11) react with ale. NaHr.] 

[C with AgOAc (2 moles + 25% excess) in AcOH at 100° for 9 hrs. gives (25) mixts. of 
hydrobenzoin diacetate, m.p. 13^1-134°, and isohydrobenzoin diacetate, m.p. 114r-116° 
(for m.p./compn. diagram of this pair see (25) (26)).] 

3:4854 (1) Weisaberger, Bach, Ber. 64, 1095-1108 (1931). (2) Kayser, Ann. chim. (11) 6, 
220-222 (1936). (3) Newman, Joshcl, Wise, J. Am. Cheni. Soc. 62, 1862 (1940). (4) Reulos, 

Co7npt. rend. 216, 775-776 (1943). (5) Pfeiffer, Eistert, J. prakt. Chem. (2) 124. 174-175 (1930). 

(6) Bergmann, Bondi, Ber 64, 1457- 1458, 1468 (1931). (7) Kharasch, Brown, J. Am. Chem. 

Soc. 61, 3434 (1939). (s) Zmeke, Ann. 198, 129-141 (1879) (9) Higaai, Bull. Chem. Soc. 

Japan, 13, 159 (1938). (10) Kitasato, Sone, Brr 64, 1144 (1931). 

(11) Pfeiffer, Pr.aetoiius, J. prakt. Chem. (2) 137. 30-31, 37-39 (1933). (12) Busch, Weber, 

J. prakt Chem. (2) 146, 49-50 (1936). (13) Cair6, Muuclere, Compt. rend 192, 1568-1569 (1931). 

(14) Fuson, Ross, ./ Am. Chem Soc 55,720-723(1933). (15) Wcissberger, Sangewald, Z. 

Chem. B-9, 140 (1930). (10) Zincke, Ber. 10, 999-1004 (1877). (17) Pfeiffer, Ber. 45, 1816- 

1817 (1912). (18) 8tcinkopf, Kuhnel, Ber 75, 1327 (1942). (19) Weiler, Ber 32. 1054 (1899). 

(20) Fittig, Anmiann, Ann 168, 73 74, 77-78 (1873). 

(21) Darapaky, Spannagcl, J prakt. Chem (2) 92, 293 (1915). (22) Borscho, Heimburger, 

Btr 48, 457 (1915). (23) Korozynski, Reinholz, Schmidt, Roczmki Chem 9, 731-740 (1929); 

Cent. 1930, I 2075, C.A. 24, 1858 (1930) (24) Meisenlieimer, Heim, Ann 356, 274 (1907). 

(25) Wmstein, Seymour, J. Am, Chem. Soc. 68, 119-122 (1946). (26) Boeseken, Elsen, Rec. 
trav. chim. 47, 696 (1928). 


3 : 4855 5-CHLOROBENZENETRICARBOXYLIC CgHsOeCl 
ACID-1,2,4 COOH 

(5-Chlorotnmellitic acid) /^COOH 


Cll 


OOH 


M.P. 192-194° (1) 


Beil. S.N. 1008 


'[For prepn. of C from 5-chloro-l ,2,4-trimethylbenzene (5-chloropseudocumene) (Beil. 
V-402J by oxidn. in aq. pyridine with KMn 04 see (1).] 

[C on suitable treatment with alk. yields (1) 5-hydroxytrimellit:c acid [Beil. X-580] 
for use as dye intermediate.] 

3:4855 (1) I.G., Brit. 495,432, Dec. 8, 1938; Cent. 1939, I 1452; C.A. 33, 2913 (1939); Erench 
839,454, April 4, 1939, C.A. 36, 5188 (1942). 



3:4857 


DIVISION A 


452 


3:4857 2,8-DICHLORONAPHTHOQUINONE-l,4 C 10 H 4 O 2 CI 2 Beil. VH- 729 

O Vni-(386) 



M.P. 196** (1) 

193® (2) (3) 

192.5® cor. (4) 

192® (5) 

190® cor. (6) 

189-192® (7) 

189-190® (8) 

189® U.C. (9) 

189® (10) (11) 

188.5® U.C. (4) 

188® (20) 

186® (12) 

Oolden yellow ndls. from AcOH (contg. a little CrOa (2)) or from ale. — Sublimes (use 
in purification (12)). — Insol. aq. (1 in 10,000,000 (13)), spar. sol. cold alt. AcOH, CCI4, 
ethyleneglycol ethyl ether, gasoline, cottonseed oil, castor oil, “ Nujol ” (13); quite sol. 
(4% (13)) in xylene or o-dichlorobenzene (3:6065); fairly sol. in ether, Celle, acetone, or 
dioxane (13). 

(For use of C as agricultural and textile fungicide see impt. review article (13) cf. (37).] 

[For prepn. of C from naphthoquinone-1,4 (1:9040) in AcOH with CI2 in pres, of I2 
(yields: 90% (14), 80% (8)), from 2-chloronaphthoquinone-l,4 [Beil. VII-729] in AcOH 
with CI2 (15) (16), from naphthoquinone-l,4-V-chloromonimide [Beil. VII-726] in AcOH 
with 8-10 pts. cone. HCl on warming (70% yield (11)) see indie, refs.; from naphthoI-1 
(1 : 1500) with HCl + KCIO3 (6) or after preliminary sulfonation to naphthol-l-sulfonic 
acid<4 (Neville- Winther acid) followed by HCl -f KCIO3 (yields: 83% crude (4), 47% 
(2), 40-47% (12)) (17) (18), from 4-nitrosonaphthol-l (naphthoquinone-1, 4-monoxime) 
[Beil. VII-727, VIIi-(386)] in ether with HCl gas (3), from 4-aminonaphthol-l in AcOH 
with CI2 (17), from 2,3-dichloronaphthol-l (3:2935) in AcOH with CrOa (19), or from 2,4- 
dinitrophenol (Martius Yellow) [Beil. VI-617, VIi-(308)] with HCl -f KCIO3 (24% yield 
(2)) (10) see indie, refs.) 

(For formn. of C from l,4-dihydroxynaphthalene-3-pyridinium chloride (itself from 
naphthoquinone-1,4 (1:9040) + pyridine in MeOH -f HCl) with SOCI2 under reflux see 
(7); from naphthalene (1:7200) in AcOH with CrOaCla see (20); from 1 ,2,3,4-tetrachloro- 
naphthalene [Beil. V-546, V2-(446)] in AcOH with CrOs or with cone. HNO3 in s.t. at 110® 
see (9); from naphthalene tetrachloride-1,2,3,4 (3:4750) with cone. HNOs see (1): from 
2,2,3,4,4,-pentachloro-l-oxo-naphthalene tetrahydride (Beil. VII-370] with dil. ale. or 
dU. AcOH in s.t. at 120-130® see (15).] 

[C on reduction by shaking ether soln. with aq. SnCl2 (21), or with Sn -f HCl (part of 
halogen is lost (10)), or by refluxing with HI -f white P (10) gives 2,3-dichloro-l,4-di- 
hydroxynaphthalene [Beil. VI-979], colorless scales from ale., m.p. 135® (21), 136-140® 
(10); note that C is reduced by SO2 -f* aq. only in s.t. at 130-140® (10). — Note that C 
with aq. K2SO3 or aq. KHSO3 soln. replaces both chlorine atoms giving (10) K salt of 4- 
hydroxy-2,3-disulfonaphthyl-l sulfuric acid [Beil. XI-304].! 
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C on oxidn. with boilg. HNOa (D = 1.35) slowly 3rields (10) phthalic acid (1;0820). — 
0 with aqua regia htd. in s.t. yields (22) phthalic (or nitrophthalic) acid accompanied by 
some trichloronaphthoquinone--l,4 [Beil. VII-730], yel. ndls., m.p. 250®. 

C with equal wt. Mn02 + 4.8 wts. cone. HCl in s.t. at 230® for 10 hrs. (11) cf. (17) yields 
2,2,3,3-tetrachloro-l,4-dioxonaphthalene tetrahydride-1 ,2,3,4 [Beil. VII-702], colorless pr. 
from ether, m.p 117® (11). 

C with PCl6 (2 moles) dislvd. in POCI3 htd. in s.t. at 180-200® (10), or at 200-250® for 
4-5 hrs. (22) (with slow rise of temp, to avoid explosion), yields 1,2,3,4,5-pentachloro- 
naphthalene [Beil. V-546], colorless ndls. from ale., m.p 168.5® (10) (22). 

[C with large excess MeMgl in ether gives (45% yield (23)) (by replacement of 1 atom 
of chlorine and usual reactn. of the two carbonyl groups) l,2,4-trimethyl-l,4-dihydroxy-3- 
chloro-l,4-dihydronaphthalene, cryst. from ether by pptn. with pet. ether, m.p. 115-117® 
(23); with certain other RMgX cpds., however, both chlorine atoms are replaced, e.g., C 
with large excess CeHsMgBr in ether gives (34% yield (23)) l,2,3,4-tetraphenyl-l,4- 
dihydroxy-l,4-dihydronaphthalene, cryst. from CsHe + ale., m.p. 241.5° (23); with still 
other RMgX cpds. neither halogen is affected and only the carbonyl groups react; e.g., 
C with large excess a-CioHyMgBr in ether gives (75% yield (23)) l,4-di-a-naphthyl-l,4- 
dihydroxy-2,3-dichloro-l,4-dihydronaphthalene, m.p. 261® dec. (23).] 

[C with 2 pts. Cu fx)wder htd. m nitrobenzene or at 240° as directed (24) gives 3% 5rield 
triphthaloylbenzene (1,2,3,4-diphthaloylanthraquinone). — C with HBr in nitrobenzene 
htd. in pres, of CuCl2 yields (25) 2-bromo^-chloronaphthoquinone-l,4, m.p. 206-207° (25).] 
[C with 2,3-dimethylbutadiene-l,3 (1:8050) in pres, of excess 5% ale. KOH and a little 
sodium hydrosulfite boiled 2 hrs. and then oxidized with air gives (26) 2,3-dimethylanthra- 
quinone [Beil. VlI-815, VIIi-(425)], yel. ndls. from ale., m.p. 205-206®.] 

C with boilg. ale. KOH hydrolyzes 1 chlorine yielding on acidification (10) 3-chloro-2- 
hydroxynaphthoqumone-1,4 [Beil. VIlI-304], yel. ndls. from ale., m.p. 215°; note that C 
with NaOAo htd. in ale. yields (27) the corresp. acetate, viz., 3-chloro-2-acetoxynaphtho- 
quinone-1,4, yel. ndls. from hot ale , m.p. 98° (27). — [For reactn. of C with Na2S or with 
H2S leading to bimolecular conden.sation with formn. of dibenzothianthrene diquinone 
or its derivs. see (28) (8).] 

C with phenol (2 moles) + dry K2CO3 (i e., K phenolate) htd for 1 hr. at 100® gives 
(96% yield (2)) 2,3-diphenoxynaphthoquinone-l,4, or.-yel. ndls. from xylene, m.p. 205® 
(2). — [For reactn. of C with pyrocatcchol (1 : 1520) in pres, of diethylaniline (2), with 
pyrogallol (1 : 1555) in pres, of pyridine (29), or with various anthrols and pyridine in 
prepn. of vat dyes (30) see indie, refs.] 

C in nitrobenzene treated with NH3 gas or C in boilg. ale. treated dropwise with cone. 
NH4OH (27) gives (probably by 1,4* addition and subsequent loss of 1 HCl (31)) (80% 
5deld (2)) 3-chloro-2-aminonaphthoquinone-l,4, yel.-br. ndls. from AcOH, m.p. 193® (2) 
(corresp. acetyl deriv., m.p. 219® (27)). — Similarly, C with aniline (2 moles) in hot ale. 
gives (87% yield (12)) (32) 3-chloro-2-anilinonaphthoquinone-l,4 [Beil. XIV-168, XIVi- 
(434)], copper-red ndls., m.p. 202® (32). — [For corresp. reactn. of C with many other 
aliphatic or arom. amines see (33), with /3-naphthylamine see (34), with p-phenylenediamine 
(or its monoacetyl deriv.) see (12); with p-chloroaniline see (27); note that some amines, 
e.g., o-nitroaniline, 2-aminoanthraquinone, and 3-chloro-2-aminonaphthoquinone do not 
undergo this reactn. (27). — For reactn. of C with pyridine see (2).] 

C on nitration, e.g., with 4 vol /pts. red fumg. HNO3 (D == 1.52) +2^ vol./pts. pure 
cone. H2SO4 at 100° for 6 hrs. (35) cf. (36), gives (40-45% yield (35)) 6-nitro-2,3-dichloro- 
naphthoquinone-1,4, pale yel. cryst. from CHCls (35), AcOH (36), or ale. (36), m.p. 175® 
(35) (36) ; this prod, with aniline (2 moles) in hot ale. yields (35) 3-chloro-2-anilino-5 (8)- 
nitronaphthoquinone-1,4, Ifts. from nitrobenzene, m.p. 273® (35). 
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8:4867 <1) Helbig, Ber. 88, 605-606 (1896). (2) Ullmann. Ettisch, Ber. 64, 269-272 (1921). 
(3) Angeletti, Pirona, Aiti accad. Torino, Classe sci. fis., mat. nat. 71, 602-606 (1926), Cent. 1937, 
I 1138; C.A. 31, 678 (1937). (4) Conant, Fieser, J. Am. Chem. Soc. 46, 1873, 1875 (1927). 

(6) Liebermann, Ber. 32, 264 (1899). (6) Darmstadter, Wicholhaus, Ann. 162, 301 (1869). 

(7) Koenigs, Greiner, Ber. 64, 1047 (1931). (8) Bra^s, Kohler, Ber. 55, 2554 (1922). (9) Claus. 

Mielcke, Ber. 19, 1184-1185 (1886). <10) Graebe, Ann. 149, 3- 12 (1869). 

(11) Fnedlander, Reinhardt, Ber. 27, 240 (1894). (12) Fries, Kerkow, Ann. 427, 286-287, 

296-296 (1922). (13) Ter Horst, Felix, Ind. Eng. Chem. 35, 1256-1259 (1943). (14) Bertheim, 

Ber. 34, 1554 (1901). (15) Zincke, Kegel, Ber. 21, 1039, 1045 (1888). (16) Ziiicke, Schmidt, 

Ber. 27, 2757 (1894). (17) Zmcke, Cooksey. Ann. 266, 370, 372 (1889). (18) Kehrmann, Ber. 

21, 1780 (1888). (19) Claus, Kiiyrim, Ber. 18, 2928-2929 (1885). (20) Carstanjen, Ber. 2, 

633 (1869). 

(21) Claus, Ber. 19, 1142, 1144 (1886). (22) Claus, von den Lippe, Ber. 16, 1016-1017 

(1883). (23) Clar, Engler, Ber. 64, 1597-1602 (1931) (24) Scholl, Wanka, Dehnert, Ber. 69, 

2433 (1936). (25) I.G., Ger. 597,259, May 25, 1934, Cent. 1934, II 1688. (26) I.G., French 

37,684, Jan. 14, 1931, Cent 1931, 1 124. (27) Fjies, Ochwat, Ber. 66, 1295-1300 (1923). (28) 

Brass, Kohler, Ber 54, 594-597 (1921) (29) Ghosh, J. Chem. Hoc. 107, 1595 (1915). (30) 

I.G., Brit. 300,407, Dec. 6, 1928, Cent. 1929, I 1622. 

(31) Lindemann, Pabst, Ann. 462, 37 (1928). (32) Knapp, Schultz, Ann. 210, 189-190 (1881). 

(33) Plagemann, Ber. 15, 484-488 (1882). (34) Fries, Kohler, Ber 67, 509 (1924). (35) Fries, 

Pense, Peeters, Ber. 61, 1401 (1928). (36) Stock (to 1. G.), Ger 468,507, Nov. 15, 1928; Brit. 

288,927, May 10, 1929; French 643,447, Sept 17, 1928; Cent 1929, II 96 (37) Ter Horst (to 

U.S. Rubber Co.), U.S, 2,349,771-2, May 23. 1944, C.A 39, 124() (1945) 


3 : 4860 3,6-DICHLOROPHTHALIC 
ANHYDRIDE 


M.P. 193.5-194.6® cor. (1) 

191° cor. (2) 

190-191° (3) 

187° (4) 

184-186° (5) 

185° ( 6 ) (7) 

[See also 3,Michlorophthalic acid (3:4870).] 

Long colorless ndls. — Sublimes. 

[For prepn. of C from 3,6-dichlorophthalic acid (3:4870) by htg. at 130-140° ( 2 ) (3) (4), 
at 160° ( 8 ), at 180-190° (5), by distn. under diminished press. (9), or by htg. in a current 
of dry air at 40° (?) (10) see indie, refs.: from ethyl hydrogen 3,6-dichlorophthalate by 
htg. at 200-220° see ( 2 ) (5): for formn, of C (together with other isomers) from phthalic 
anhydride (1 :0725) with CI 2 in pres, of Fe or Fe salts at 160-260° (11) or with CI 2 in fumg. 
H 2 SO 4 ( 12 ) in pres, of I 2 (3), or from 3-chlorophthalic anhydride (3:3900) with CI 2 in 
fumg. H 2 SO 4 in pres, of I 2 (3), see indie, refs.] 

[For sepn. of C from isomeric dichlorophthalic anhydrides by means of salts of corresp. 
acids, etc., see (3) (13) ( 1 ); by means of differential hydrolysis with H 2 SO 4 (prods, with 
no a-chlorine such as 4,5-dichlorophthalic anhydride require H 2 SO 4 of 98-100% conen., 
those wit)i 1 a-chlorine such as 3,4-dichlorophthalic anhydride hydi’olyze with 56-95% 
H 2 SO 4 , those with 2 a-chlorine atoms such as C or 3,4,5,6-tetrachlorophthalic anhydride 
hydrolyze at H 2 SO 4 conens. of less than 50%) see (14).] 

C dislvd. in abs. EtOH yields the acid ester, viz., ethyl hydrogen 3,6-dichlorophthalate, 



C 8 H 2 O 3 CI 2 Beil. XVII - 483 
XVni-(354) 


B.P. .339° (3) 
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cryst. from CCI4, m,p. 130-131° (3), 128-130° <2), 128-129° (5); note that this ester when 
dislvd. in EtOH and satd. with HCl gas, then warmed, does not convert to the neutral 
ester readily, and that even with 15 pts. EtOH and 7 hr. htg. only 16% diethyl 3,6>dichloro- 
phthalate is formed (2). 

[C with 1 mole htd in s.t. at 100° for 6-7 hrs. (8) or at 200° for 6 hrs. (15) yields 
pseu(io-3,6-dichl()rophthaloyl dichloride (3,3,4,7-tetrachlorophthalide), cryst. from CeHe, 
m.p. 122° (15); this prod, upon htg. above its m.p., or upon solution in inert solvents, or 
very rapidly upon treatment of such solns. with decolorizing carbon, or slowly even in 
solid condition, isomerizes to 5y/w-3,6-dichlorophthaloyl dichloride, colorless pr., m.p. 31° 
(15), from low-boilg pet. ether (in which the psewdo-chloridc is spar sol.). — With MeOH 
the pseudo chloride yields the pseudo dimethyl ester (4,7-dichloro-3,3-dimethox3rphthalide, 
m.p. 134° (15); the neutral dimethyl 3,6-dichlorophthalate (corresp. to the sym.-chloride) 
has m.p. 82° (15).] — [C with 2 moles PCls htd. in s.t. several hrs. at 200° is claimed (8) 
to yield a prod. CglLOCle, ndls. from ale , m.p. 117° (8).] 

[C with 1 mole NH2OH.HCI + Na2C03 in aq. as directed (3) for 3,4-dichlorophthaIic 
anhydride (3:4880) yields 3,6-dichlorophthalylhydroxylamine (Ar-hydroxy-3,6-dichIoro- 
Iihthalimidc) [Beil. XXI-504], ndls from MeOH, m.p. 253-258° (3); the conv. of this 
prod, with boilg aq. Na2C03 to 3,6-dichloroanthranilic acid (analogous to the corresp. 
process with its isomers) has not been reported (see, however, under the imide below).] 

[C with steam passed over cat. at 380-420° loses CO2 presumably yielding (16) 2,5- 
dichlorobenzoic acid (3 4340).] 

C with AlC^Jla + Cefle yields (8) (17) 3,6-dichloro-2-benzoylbenzoic acid [Beil. X-750, 
Xi-(357)], ndls. from Celle (17) or dil. ale. (8), m.p. 168.5° (18), cor. (17), 159° (8); this 
prod, on ring closure by htg. with cone H2SO4 (2) (17) (18) (19) yields 1,4-dichloroanthra- 
quinonc [Beil. Vlli-(411}], yel. ndls. from AcOH, m^p. 187.5-188° (20), 187.5° cor. (17), 
187.5° (18), 186° (19). — [For corresp. reactns. of C + AICI3 with chlorobenzene (22), 
with toluene (21), with o-clilorotoluene (3:8245) (23), with p-chlorotolucne (3:8287) 
(24), with fluorcne (25), with aceiiaphthenc (26), with pyrene (27), or with /3-methylbenzan- 
throno (28) see indic. refs.] 

[C with hydroquinonc (1:1590) -f- H3BO3 htd. at 190° and afterward treated with hot 
cone. H2SO4 (29), or htd. with AICI3 -|- NaCl at 200-220° for 20 min. (30), gives (yield: 
30% (29), 84% (30)) 5,8-dichloro-l,4-dihydroxyanthraquinone (5,8-dichloroquinizarin) 
(Beil. VIIIi-(7l5)], cryst. from xylene (30) or AcOH (29), m p. 275.5° (30), 266° (29) 
(diacctate, m.p. 180° (30), 170° (29)) ] — [For rcactn. of C with AICI3 + o-cresol (31), with 
o-cre.s()l methyl ether (31) (19), or with 7>-crcsol (7) sec mdic. refs.; for rcactn. of C with 
a-naphthol + H3BO3 see (9).] 

jC in fumg H2SO4 treated with Br2 yields (33) (34) 3,6-dichloro-4,5-dibromophthalic 
anhydride, colorless ndls. from AcOH, m.p 269-270° (34), 261° (33). — C in fumg. H2SO4 
(50% SO3) htd. with I2 as directed (32) gives (97% yield) 3,6-dichloro-4,5-di“iodophthalic 
anhydride, yel. pr. from AcOH, m.p. 25.8°- 258.5° cor (32).] 

[For condens. of C with substituted m-ammophenols in jirepn. of phthalein dyestuffs see 
(35); for use of C in piepn. of pigments of phthalocyanine type see (36) (37); for use of 
C as plasticizer for cellulose esters see (J18).] 

Fused C treated with dry NH3 gas (39) or with urea (37) yields 3,6-dichlorophthalimide 
[Beil. XXI-504], ndls. from ale., m.p. 242° (39). [This prod, on ring opening and Hofmann 
degradation with aq. alk. NaOCl (3) or NaOBr (39) gives 3,6-dichloroanthranilic acid 
[Beil. XIV-367], ndls. from aq. or AcOH, m.p. 153° cf. (3). — [For behavior of C with 
hydrazine hydrate yielding acc to conditions iV-amina*3,6-dichlorophthalimide, iV-fSjO- 
dichlorophthalimido)-3,6-dichlorophthalimide, or 3,6-dichlorocyclophthalhydrazide see 
(40).] 
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C (1 pt.) dislvd. in 5 pts. boilg. AcOH and treated with 1 pt. aniline gives on cooling 
(82% yield <1)) 3,6-dichlorophthalanil [Beil. XXIi-(391)], p^e yel. Ifts. or ndls. from 
AcOH, m.p. 201® (10), 197-198® cor. (1), 194® (41), 191® (39). [Note, however, that on 
protracted htg. with excess aniline first one and then the other nuclear halogen also reacts 
yielding, respectively, 3-anilino-6-chlorophthalanil, unstable form, m.p. 141® cor. (1), 
stable form., m.p. 160-160.5® cor. (1), and 3,6-dianilinophthalanil, m.p. 197® (41).] 

C on saponification with standard alk. (Sap. Eq. = 108.6), followed by acidification, 
yields 3,6-dichlorophthalic acid (3:4870) q.v. 

3:4860 (1) Pratt, Perkins, J. Am. Chem. Soc. 40 , 214-218 (1918). (2) Graebe, Ber. 33 , 2019- 
2022 (1900). (3) Villiger, Ber. 42 , 3538-3541, 3549 (1909). (4) Faust, Ann. 160 , 64 (1871). 

(5) Pfeiffer, Ber. 66 , 425 (1922). (6) Widman, BuU. aoc. ch%m. (2) 28 , 512 (1877). (7) Krescheck, 

UUmann, Ber. 66 , 308 (1922). (8) Le Royer, Ann. 238 , 350-361 (1887). (9) Harrop, Norris, 

Weizmann, J. Chem. Soc. 96 , 282-283 (1909). (10) Tin^e, Bates, J. Am. Chem. Soc. 32 , 1323- 

1326 (1910J. 

(11) Dvornikoff (to Monsanto Chem. Co.), U.S. 2,028,383, Jan. 21, 1936; Cent. 1936 , I 2830; 
C.A. 80 , 1394 (1936). (12) Mueller (to General Aniline Works, Inc.), U.S. 1,997,226, April 6, 

1935; Cent. 1936 , II 1449. (13) Hodgson, J. Soc. Dyers Colourists 49 , 215 (1933). (14) Imperial 

Chem. Ind., Ltd., French 749,954, Aug. 2, 1933; Cent. 1933 , II 2748-2749. (15) Kirpal, Ga- 

luschka, Lassak, Ber. 68 , 1332-1333 (1935). (16) Jaeger (to Selden Co.), U.S. 1,964,516, June 

26, 1934; CetU. 1934 , II 3047. (17) UUmann, BiUig, Ann. 381 , 14-16 (1911). (18) Dougherty, 
Gleason, J. Am. Chem. Soc. 62 , 1027 (1930). (19) Walsh, Weizmann, J. Chem. Soc. 97 , 687, 

691 (1910). (20) Egercr, Meyer, Monaish. 34 , 90 (1913). 

(21) Eckert, Endler, J. prakt. Chem. (2) 102 , 334 (1921). (22) Jaroschy, Monatsh. 34 , 2 

(1934). (23) Keimatsu, Hirano, J. Pharm. Soc. Japan 49 , 20-26 (1929), 60 , 61-63 (1930); Cent. 

1929 , I 2533, 1930 , II 1551. (24) Keimatsu, Hirano, Yoshimi, J. Pharm. Soc. Japan 60 , 95- 
98 (1930); Cent. 1930 , II 2384. (25) Barnett, Goodway, Watson, Ber. 66 , 1890 (1933). (26) 
I.G., French 642,662, Sept. 1, 1928; Cent. 1929 , I 581. (27) Kramer (to I.G.), Ger. 589,146, 
Dec. 2, 1933; Cent. 1934 , I 771. (28) Kranzlein, Greune, Sedlmayr (to I G.), Ger. 430,558, 

Aug. 13, 1926, Cent. 1926 , II 2230. (29) Frey, Bet. 46 , 1369 (1912). (30) Waldmann, J. prakt. 

Chem. (2) 126 , 251-253 (1930). 

(31) Mariott, Robinson, J. Chem. Soc. 1934 , 1633. (32) Pratt, Perkins, J. Am. Chem. Soc. 40 , 
234 (1918). (33) Juvalta, Ger. 60,117, FrieMnder 11-93. (34) Lesser, Weiss, Ber. 46 , 3946 

(1913). (35) Durand, Hueguenin, S.A. Brit. 251,644, July 7, 1926; Cent. 1927 , 1 1228. (36) 

Imperial Chem. Ind., Ltd., French 808,846, Feb. 16, 1937; Cent. 1937 , 11 3820. (37) Imperial 

Chem. Ind., Ltd., Thorpe, Linstead, Brit. 390,119, April 27, 1933; French 737,392, Dec. 10, 
1932; Cent. 1933 , II 794. (38) Dreyfus, French 749,792, July 29, 1933; Cent. 1934 , I 3164. 

(39) Graebe, Gourevitz, Ber. 33 , 2024-2025 (1900). (40) Drew, Pearman, J. Chem. Soc. 1937 , 

31-32. 

(41) Mariott, Robinson, J. Chem. Soc. 1939 , 137-138. 


3:4870 3,6-DICHLOROPHTHALIC ACID 

M.P. See text. 



Beil. IX-817 
IXi- 


[See also S^Michlorophthalic anhydride (3:4860).] 

Tbla. from aq.; eae. sol. hot aq. in which it readily gives supersatd. solns.; eas. sol. ale., 
ether. 

C on htg. begins to lose aq. even at 100® with formn. of 3,6-dichlorophthalic anhydride 
(3:4860) cf. (1); this change proceeds with increasing speed as the temperature increases; 
for this reason no definite m.p. of C is recorded and the m.p. observed is actually that 
of the anhydride. 

[For prepn. of C from 3,6-dichlorophthalic anhydride by hydrolysis see the anhydride 
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(3:4860); from ethyl hydrogen 3,6-dichlorophthalate by htg. at 200® to convert to the 
anhydride and hydrolysis of the latter see (1); from l,4^ichloronaphthalene (3:1655) by 
boilg. with HNO3 (D - 1.3) see (2); from 1,4,5-trichloronaphthalene (3:4005) by htg. 
with HNOs in s.t. see (3); from “ a-tetrachloronaphthalene ” (Beil. V-546] by oxidn. with 
HNOs see <4); from L4>dichloronaphthalene tetrachloride (1,2,3,4,5,8-hexachlorotetralin) 
(Beil. V-493] by boilg. with cone. HNO3 (D = 1.42) see (5) (6); from 5,8-dichloronaphthyl- 
amine-2 (Beil. XII-1310] on oxidn. with dil. HNO3 in s.t. at 180-200® see (7).] 

[For sepn. of C from mixts. with the isomeric 3,4- (3 :4880) and 4,5- (3 :4890) dibhloro- 
phthalic acids see (8) (9).] [For use of 0 as softener and/ or plasticizer for cellulose derivs. 
see (10).] 

Salts. NH4HA, NaHA, KHA, as well as (NH4)2A, NasA., and K^A, are all eas. sol. aq. 
(8); Ag2A, insol. aq. <8) (12); CaA, 4H2O (5) (12), spar. sol. aq. and pptd. by CaCL from 
hot dil. aq. solns. of (NH4)2A (8) (12); BaA, H2O, spar. sol. aq. (5) (12); ZnA, eas. sol. aq. 
(characteristic dif. from 3,4- and 4,5-dichlorophthalic acids and used in sepn. of C (8)). 

Esters. Dimethyl 3,64lichlorophthalate, m.p. 82® (11) (from Ag2A with Mel (11)); 
methyl hydrogen 3,6-dichlorophthalate, unreported; diethyl 3,6-dichlorophthalate, cryst. 
from 50% ale., m.p. 60® (12) (13) (from Ag2A on htg. with EtI in s.t. at 100® (12) (13), or 
in very small yield from ethyl hydrogen 3,6-dichlorophthalate with EtOH (1) (14)); ethyl 
hydrogen 3,6-dichlprophthalate, cryst. from CCI4, m.p. 130-131® (8), 128-130® (1), 128- 
129® (15) (from 3,6-dichlorophthalic anhydride (3:4860) with EtOH). 

[For studies of ionization consts. of first (16) and second (16) (17) acid groups see indie, 
refs.l 

8:4870 (l) Graebe, Ber. 33. 2020-2023 (1900). (2) Atterberg, BuU. soc, chim. (2) 37. 409 (1877) ; 
Ber. 10, 647 (1877). (3) Atterberg, Bull. soc. chim. (2) 37, 407 (1877) ; Ber. 0, 1734-1735 (1876). 
(4) Widman, BuU. aoc. chim. (2) 38, 511-512 (1877). (6) Faust, Ann. 160, 64-65 (1871). (6) 
Widman, Ber. 16, 2160 (1882). (7) Claus, Philipson. J. prakt. Chem. (2) 43. 61 (1891). (8) 

Villiger, Ber. 43, 3538-3539 (1909). (9) Hodgson, J. Soc. Dyers Colourists 49, 215 (1933). (10) 

Dreyfus, French 749,792, July 29, 1933; Cent 1934, I 3154 

(11) Kirpal, Galuschka, Lassak, Ber. 68, 1332-1334 (1935). (12) Le Royer, Ann. 338, 351- 

354 (1887) (13) Graebe, Gourevitz, Ber. 33, 2024 (1900). (14) Graebe, Rostowzew, Ber. 

34, 2108-2109 (1901). (15) Pfeiffer, Ber. 66, 425 (1922). (16) Wegseheider, Monatsh. 33, 

325-326 (1902). (17) Berger, Helv. Chim. Acta 33, 41-44, 60-52 (1940). 

OH 

3:4875 TETRACHLOROPYROCATECHOL Cl^OH C6H2O2CI4 BeU. VI - 784 

(Tetrachlorocatechol ; 1 VIi-(389) 

tetrachlon)-l,2-dihydroxybenzene) Cliv^JCl Vl2-(787) 

M.P. 194-195® (1) 

194® (2) 

193-194® (3) 

[See also Utrachlor6benzoqam<me'‘\f2 (3:3965).] 

Colorless anhydrous cryst. from hot dil. ale. (1), Igr. (1) or CeHe (2); C from dil. AcOH 
seps. as monohydrate which over CaCL loses half of its water and above 70-80® all of 
its aq. (3) (4); C from AcOH seps. as a cpd., C.AcOH, m.p. 123-124® (4), which can be 
recrystd. unchanged from Igr. but in air or more rapidly over alk. loses its cryst. AcOH; 
the above cpd. on soln. in ale. and pptn. with much aq. yields a trihydrate, C.3H2O, m.p. 
94®, which can be recrystd. unchanged from aq., ale., or acetone but which from CeHe or 
Igr. seps. C in anhydrous form (4). 

[For prepn. of C from pyrocatechol (1 : 1520) with CI2 in AcOH (5) (2) (13) or with ICl 
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(3) see indie, refs.; from hexachlorocyclohexene-3-dione-l,2 [Beil. VII-576] by reductn. 
with SnCl 2 in AeOH see (I).] 

C with std. alk. (using phenolphthalein) titrates sharply as a monohydric phenol (4) 
(6), i.e., Neut. Eq. 248; similarly titration of the cpd. C.AcOH (above) gives Neut. Eq. 

164 <4). 

C on oxidn. with fumg. HNO 3 in AcOH gives (81% yield (13)) (1) <5) (7) (8) tetrachbro- 
o-benzoqumone-1,2 (3:3965). — For study of oxidn.-reductn. potential of system: C + 
tetrachlorobenzoquinone-1,2 see (7) (8). — C with equiv. tetrachlorobenzoquinone-1,2 
(3:3965) in least possible hot CHCI 3 gives on cooling the corresp. quinhydrone (14). — 
[For other complex prods, obtd. from C by action of cone. HNOs or N 2 O 4 (9), HNO 3 + 
H 2 SO 4 (10), or NaN 02 in AcOH ( 2 ) see indie, refs.] 

® Tetrachloropyrocatechol diacetate: ndls. from AcOH, m.p. 190® (1). [From C with 
AcaO (1).] 

Tetrachloropyrocatechol monomethyl ether (tetrachloroguaiacol) [Beil. VI-784]: 

ndls. from hot aq., m.p. 185-186® (11). [Reported only by indirect means (11).] 

Tetrachloropyrocatechol dimethyl ether (tetrachloroveratrole) [Bed. VI-784]: 

ndls. from ale., m.p. 88° (11) (12). [Reported only by indirect means (11) (12).] 

3:4875 (l) Zincke. Kiiater, Rer. 21, 2729-2730 (1888). (2) Frejka, Scfraiiek, Zika, Collection 

Czechoelov. Chem. Co/nmun. 9, 241-242 (1937), Cent. 119.37, 11 1816, C.A 37, 7040-7047 (1937). 
(3) Jackson, Boswell, Am. Chem. J. 35, 528-631 (1906) ( 4 ) W'dlstatter, Muller, Bcr. 4^ 2186 

(1911). (5) Zincke, Ber. 20, 1779 (1887). (6) Weis^berKer, Ber. 65, 1820 (1932). (7) Conant, 

Fieser, J. Am. Chem. Soc. 46, 1873, 1875 (1924). (8) Kvalnes, J. Am Chem. Boc. 66, 2487- 

2489 (1934). (9) Zincke, Ann. 436, 161-162 (1924). (10) Zincke, Wcishaupt, Ann 437, 93-94 

(1924). 

(11) Bruggemann, J. prakt. Chem. (2) 63, 261 (1896). (12) Cousin, Ann. chim. (7) 29, 87 

(1903). (13) Jackson, MacLaurin, Am. Chem. J. 11 (1907). (14) Jackson, Carleton, Am. 

Chem, J. 39, 497 (1908). 

Cl 

3:4880 3,4-DICHLOROPHTHALIC ACID Clj^COOH (^ 8 H 404 Cl 2 Beil, IX-817 

l^yicOOH 

M.P. abt. 196° rap. htg. (1) 

[See also 3f4rdichlorophthalic anhydride (3:3695).] 

Rectangular tbis. from aq.; eas. sol. aq., ether. — C can only with diflSculty be separated 
from 4,5-dichlorophthalic acid (3:4890) by crystn. (1). 

[For prepn. from 3,4-dichlorophthalic anhydride (3:3695) on boilg. with aq. see (1); 
from iV- (hydroxy )-3,4-dichlorophthalimide (see under 3,4-dichlorophthalic anhydride) 
b/ hydrolysis with hot 10% HCl see (1) ] 

[For sepn. of C from mixts. with the isomeric 3,6- (3:4870) and 4,5- (3:4890) dichloro- 
phthalic acids see (1) (2).] 

Salts. NaHi, Ag 2 A, CuA, CaA, BaA, ZnA all spar. sol. aq. (1). 

Esters. Methyl hydrogen 3,4-dichlorophthalate and dimethyl 3,4-dichlorophthalate 
are both unreported: both possible ethyl hydrogen 3,4-dichlorophthalate8 are known, viz., 
ethyl 2-carboxy-3,4-dichlorophthalate (from C -}- abs. EtOH + few drops cone. H 2 SO 4 
refluxed 6 hrs. (3)), ndls. from dil. ale., m.p. 184® (3); and 3,4-dichloro-2-carbethoxybcnzoic 
acid (from diethyl 3,4-dichlorophthalate by partial KOH saponification or from the an- 
hydride with abs. EtOH (3)), pr. from dil. ale., m.p. 164® (3j: diethyl 3,4-dichlorophthalate 
(from Ag 2 A), m.p. 80® (3). [For the pseudo diethyl ester of C see under 3,4-dichlorophthalic 
anhydride (3:3695).] 
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C on protracted htg. at 220® loses aq. yielding 3,4-dichlorophthalic anhydride (3:3696) 
q.v. 

3:4880 <l) Villiger, Ber. 42, 3538-3639, 3541-3542 (1909). (2) Hodgson. J. Soc. Dyers CoUmriats 

49, 215 (1933). (3) Kirpal, Galuscbka, Ljissak. Ber. 68, 1333-1334 (1935). 

3 : 4885 1-CHLORONAPHTHOIC ACID-2 CnHTOaCl BeU. IX - 661 



M.P. 196® (1) <2) 

195° (3) 

NdLs. from CeHe (1) (2) or from 50% AcOH (3). — Volatile without decompn. (1). 

[For prepn of C from 2-(l-chloronaphthyl)carbinol (2) by oxidn sec (2); from l-chloro-2- 
(trichloromethyl) naphthalene [Heil. V-568] by hydrolysis m boilg. AcOH contg. a little 
aq. see (1); from l-chloro-2-naphth()nitrile (see below) by hydrolysis with Ac 0 H/H 2 S 04 /aq. 
mixt. see (4); from methyl l-chloro-2-naphthoate (see below) by hydrolysis with boilg. 
15% ale. KOII (46% yield) see (3).] 

C with 2% Na/l'Ig in aep reduces (1) to /^-naphthoic acid (1:0800), m.p. 184® (1). 

[The direct conv, of C to l-chloro-2-naphthoyl chloride is not actually reported; how- 
ever, this acid chloride, m p. 59-60 5° (6), b.p. 226° at 150 mm. (6), b.p. 199-200® at 11.2 
mm. <5), has been obtained <5) <3> (6) from l-hydroxy-2-naphthoic acid [Beil. X-331, 
Xr(145)] with PCI5 (yield 60 7% (5)) (2).] 

Salts. AgA, white flocks spar. sol. aq.; CaA2.2H20, cryst from aq. (1). 

Methyl l-chloro-2-naphthoate : ndls. from ale., m.p. 50® (2), cryst. from pet. eth. 

+ acetone, m.p. 44-48° (5); b p. 189-193® at 17.5 mm. (3), 186.5-189® (but press, not 
given) (5). [From C in MeDH with HCl gas (2) or from the acid chloride (above) 
in boilg. McOH (5) (3) ] [This ester with Cu bronze + a trace of I 2 at 290° yields 
(5) dimethyl l,l'-binaf>hthyl-2,2-dicarboxylate.] 

Ethyl l-chloro-2-naphthoate : unreported. 

l-Chloro-2-naphthonitrile: colorless ndls. from MeOH but m.p. not stated (4), 

b.p. 183-184° at 11 mm. (4). [From l-chloro-2-naphthylamine [Beil. XII-1308, 
XIIi-(542)J by diazotization and reactn. with KCu(CN )2 (4).] 

3:4885 (l) Wolffenstein, Ber 21 , 1190-1191 (1888). (2) Achmatowicz, Lindenfeld. Roezniki 

Chem. 18 , 69-74 (1938) , Cent 1939 , 11 389; not in C.A. (3) Bergmann, Hirshberg, J. Chem. Soc. 
1936 , 333. (4) Willstaedt, Scheil)er, Ber. 67 , 473-474 (1934). (5) Kuhn, Albrecht, Ann. 465 , 

283-285 (1928). (6) Strohbach, Ber. 34 , 4161 (1901). 

3:4890 4,6-DICHLOROPHTHALIC ACID C 8 H 4 O 4 CI 2 BeU. IX - 818 

Cl^COOH IXi-(366) 

Clly^OOH 

M.P. 199-300® (1) 

300° rap. htg. (2) 

[See also 4:j5-dichlorophlhalic anhydride (3:4830).] 

Ndls. from aq. 

[For prepn. of C from 4,5-dichlorophthalic anhydride (3:4830) by hydrolysis see (2) 
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(3); from aq. soln. of alk. salts of phthalic acid (1:0820) with CI2 in pres, of Sb cpds. see 
(3) (4); from 4,5-dichloro-l,2-dimethylbenzene (1) by oxidn. with dil. HNOs (D * 1.3) 
in s.t. at 180® for 7 hrs, see <1) cf. <5) (6).] 

[For sepn. of C from mixts. with the isomeric 3,4- (3:4880) and 3,6- (3:4870) dichloro- 
phthalic acids see (2) (8).] — [For use of C as softener for cellulose derivs. see <9).] 

Salts. NH4HA, NaHA, KHA (all from aq. solns. of the corresp. eas. sol. neutral salts 
by addn. of AcOH) are spar. sol. cold aq. (2) : CuA, CaA, BaA, ZnA, and Ag2A are all spar, 
sol. (2). 

Esters. Dimethyl 4,5-dichlorophthalate and diethyl 4,5-dichlorophthalate are un- 
reported; methyl hydrogen 4,5-dichlorophthalate is unreported, but ethyl hydrogen 4,5- 
dichlorophthalate, ndls. from CHCI3, m.p. 133-134®, is obtained from the anhydride 
(3:^0) with EtOH (2). 

[C on fusion with NaOH at 175-185® gives (small yield (3)) 4,5-dihydroxyphthalic acid 
[Beil. X-552, Xi-(276)1, m.p. 175®. 

C on htg. loses H2O yielding (2) 4,5-dichlorophthalic anhydride (3:4830), m.p. 187®. 

® Di-(p-nitrobenzyl) 4,6-dichlorophthalate: cryst. from ale., m.p. 164.5® (10). [Prom 
Na2A with p-nitrobenzyl bromide (2 moles) htd. in ale. (10).] 

3:4890 (1) Hinkel, Ayling, Sevan, /. Chem. Soc. 1928, 1876. (2) Villiger, Ber. 42, 3638-3539, 
3646-3647 (1909). (3) Rushchinskii, J. Applied Chem. (U.S.S.R.) 7. 1113-1116 (1934); Cent. 
1936, II 2902. (4) Rushcliinskii, Russ. 41,515, Feb. 28, 1936; Cent. 1936, II 3704; C.A. 30, II 
2902. (5) Claus, Kautz, Ber. 18, 1369-1370 (1885). (6) Claus, Groneweg, J. prakt. Chem. (2) 

43, 253-264 (1891). (7) Ref. 2, pp. 3532-3633. (8) Hodgson, J. Soc. Dyers Colourista 49, 216 

(1933). (9) Dreyfus, French 749,792, July 29, 1933; Cent. 1934, I 3154. (10) Lyons, Reid, 
J. Am. Chem. Soc. 39, 1741, 1744 (1917). 

3 : 4892 PENTACHLOROBENZALDEHYDE C7HOCI6 BeU. VH — 

Cl Cl vni-( 134 ) 

C1»Q ^CHO 

ci 61 

M.P. ZOZ-S” (1) (2) 

197 - 199 '’ (3) 

Colorless ndls. from C,Hg/alc.; eas. sol. hot CeH« or CS,; spar. sol. ale., ether, Igr. 

[For prepn. of C from pentachlorobenzal (di)chloride (3:3590) by hydrolysis with cone. 
H2SO4 at 60-100® or fumg. H2SO4 at 40-50® (90% yield (2)) (3) see indie, refs.; from penta- 
chlorobenzaldehyde diethylacetal (see below) by acid hydrolysis see (1).] 

C with aq. alk. KMn04 refluxed 7 hrs. oxidizes to (90% yield (1)) pentachlorobenzoic 
acid (3:4910). 

C in CeHe shaken with satd. aq. NaHSOs soln. gives (1) the corresp. NaHSOs cpd. 

C with aq. 50% KOH at 100® for 5 hrs. suffers hydrolytic cleavage giving (88% yield 
(2)) pentachlorobenzene (3:2290) and potassium formate. 

C with EtOH + dry HCl gas gives (60% yield (1)) pentachlorobenzaldehyde diethyl- 
acetal, colorless cryst. from pet. ether, m.p. 45®. 

[For use of C on prepn. of dyes of the triphenylmethane series see (4).] 

C reacts normally with RMgX reagents [e.g., C with McMgBr gives (49% yield (1)) 
methyl-pentachlorophenyl-carbinol, colorless cryst. from ale., m.p. 126® (1); C with CeHs- 
MgBr gives (1) phenyl-pentachlorophenyl-carbinol (pentachlorobenzohydrol), cr3r8t. 
from CeHe, m.p. 117®.] 

C with anhydrous NaOAc -f AC2O (Perkin synthesis) at 170-180® for 60 hrs. gives 
(30% yield (1)) 2,3,4,5,6-pentachlorocinnamic acid, cryst. from CeHe, m.p. 233® cor. (1). 
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G with aniline at 100° condenses giving (1) pentachlorobenzaldehyde anil, greenish ndls. 
from CeHe/alc., m.p. 187.5° cor. (1). 

(p Pentachlorobenzaldoxime: colorless ndls. from CeHe, m.p. 201° cor. (1). (From 
C with NH2OH.HCI + Na2C03 in dil. ale. on stdg. few days (I)*! 

® Pentachlorobenzaldehyde phenylhydrazone: citron-yel. ndls. from ale., m.p. 152.5° 
cor. (1). [From C in hot satd. CeHe soln. with 1 mole phenylhydrazine (1).J 

Pentachlorobenzaldehyde ^-nitrophenylhydrazone: unreported. 

Pentachlorobenzaldehyde 2,4-dinitrophenylhydrazone: unreported. 

Pentachlorobenzaldehyde semicarbazone: unreported, 

8:4892 (1) Lock, Ber. 72, 300-304 (1939). (2) Lock, Ber 66, 1533 (1933). (3) Bayer and Co., 

Ger. 243,416, Feb. 10. 1912; Cent. 1912, 1 618; [C.A. 6, 2292 (1912)]. U.S. 998,140, July 18, 1911; 
[C.A. 6, 2904-2905 (1911)]. (4) Bayer and Co., Ger. 234,519, May 12, 1911; Cent. 1911 I 1620; 

IC.A. 6, 2974 (1911)]. 


3 : 4893 OCTACHLORONAPHTHALENE 

(Perchloronaphthalene ) 


M.P. 


B.P. 



303°(l)u.c. (8) 

202° U.C. <7) 

200 ° ( 6 ) 
197.5-198° cor. <2) 
197.3-198° cor. <3) 


440-442° at 764 mm., dec. (2) 
258-260° at 2.6 mm. (2) 
246-250° at 0.6 mm. (2) 


CioCls 


Beil. V - 547 
Vi- 
V2.(446) 


Ndls. from CCI4 + CeHe (2); fairly eas. sol. CeHe, Igr., CHCI3; spar. sol. ale. or AcOH. 

[For prepn. of C from naphthalene (1:7200) with CI2 in pres, of 1% Fe powder 4-0.1% 
I2 first at 100° then at 150° for 10-12 hrs. (90% yield (2)) or with CI2 in pres, of SbCls 
(1) <4) cf. (2) see indie, refs, (for extensive study of merits of many catalysts see (5)).] 

[For prepn. of C from mixt. of 2-hydroxynaphthalene-l,5-6is-(sulfonyl chloride) and 
2-hydroxynaphthalene-l ,6-615- (sulfonyl chloride) (from /3-naphthol with CISO3H) with 
PCIb in s.t. see (6); from l-hydroxynaphthalene-tm-(sulfonyl chloride) with PCls in s.t. 
at 250° see (7); from l-ammo-3,6,8-<m-(sulfonyl chloride) with 3-4 pts. PCls in s.t. at 
200-225° for 7 hrs. (40% yield) see <2).J 

[For prepn. of C from 2,5,6,7,8-pentachloronaphthoquinone-l,4 [Beil. VII-731] with 
PCIb in s.t. at 250° for 6 hrs. see (8);fromhexachloronaphthoquinone-l,4 (see below) with 
PCU see (3).] 

[For study of action of C (from insulation material on electric wiring) in production of 
acne see <9); for prepn. of aq. dispersions of C see (10); for use of C as insecticide see (11); 
for use of C in prepn. of a red mordant dyestuff (by actn. of fumg. H2SO4) see (12).] 

[C with H2 passed through a red-hot tube (4) or C with Na 4- EtOH (2) gives naphthalene 
(1 : 7200) together with other prods.) 

C on oxidn. with 10 pts. fumg. HNO3 (D = 1.52) in s.t. at 90° gives in good yield (2) 
(3) hexachloronaphthoquinone-1,4, m.p. 222.5° cor., b.p. 412-415° at 758 mm. dec., 265- 
267° at 14 mm., accompanied by some tetrachlorophthalic acid (3:4946). 

[C on htg. with SbCls -h ICl in s.t. at 350° (1) breaks down yielding (2) cf. (1) carbon 
tetrachloride (3:5100), hexachloroethane (3:4835), hexachlorobcnzene (3:4939), and 
other prods.; under certain conditions (not specified in abstracts) C can be broken down 
to decachloroindane (perchlorohydrindene) [Beil. V-487], m.p. 138° oor. (2).] 
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(C with pyridine + CuO -f hydrazine hydrate yields (13) a hexachloronaphthalcne 
ndls. from chlorobenzene, m.p. 202-204° (13) (note that m.p. is close to that of C).] 

C is stable toward 3% aq. KOH or NaOH for 12 hrs. in cold or even 2 hrs. boilg.; C is 
stable to cold 3% ale. KOII or NaOH for 24 hrs., but on htg. for 2 hrs. splits off some 
25-30% chlorine and in part rcsinifies (2). 

(g) Color test with SbCl^ in CCI4: O with SbCls in CCI4 gives stable cherry-red color (2). 

[This response is not given by carbon tetrachloride (3:5100), hexachloroethane 
(3:4835), hexachlorobenzcne (3.4939), or decachloroindane (2).] 

8:4893 (1) Ruoff, Bcr. 9, 148G-1488 (1876) (2) Slnemberg, Gordon, J Gen. Chew (LI S.S.R ) 

8, 921-928 (1932); Ce7iL 1934, I 215, C A. 87, 2430 (1933) (3> Shvenil)erg, Goidon, Ge?t 

Chem. (U.S.S.R.) 4, 095-703 (1934); Cent 1935, II 511, C.^1 89, 21G2 (1935) (4) Bcrtlielot, 

Jungfleisch, Bull soc chim. (2) 9, 446-455 (18()8), Ann chitn (4) 15, 330 313 (1868). (5) 
Shvemberg, Gordon, J. Gen Chem (U.SS.R ) 4, 529-551 (1934), Cent 1935, II 514, C.A 89, 
1804 (1935). (6) Poliak, Gebauer-Fulnegir, lilumen.stook-Halwiird, Monutsh 49, 199 (1928) 

(7) Claus, Mielcke, Ber. 19, 1186-1187 (1886). (8) Claii.s, Wenziik, Ber 19, 1169 (1886). (9) 

Haldin-Davis, Rrii J Dermatol 51, 380-383 (1939) , C 34,1413 (1940). (10) Heekcrt 

(to du Pont Rayon Co ), U S. 2,060,210, Nov. 10, 1936, Cent 1937, 1 1604, C A 31, 555 (1937) 
(11) Stern, Ger. 411,314, March 26, 1925, Cent 1985, II 234 (12) B.A.S.F , Ger. 66,611, 

FHedUinder 3, 271. (13) I.G.. French 699,492, Feb. 16, 1931, Cent. 1931, 3519. 


3:4895 PENTACHLOROPROPIONIC ACID Cl C3HO2CI5 

CI3C 4- -COOH 


Cl 


M.P. 800-215° (sec te.vt (1)). 


Beil. II — 

II, -(112) 

n2-(»‘^8) 


Colorless cryst. from CCI4. — Eas sol cold aq. 

[For prepn. of C from trichloroacryhc acid (3:1840) with CI2 in COI4 soln. in sunlight 
(yield not reported) see (1).] 

C in aq. soln. behaves as a strong acid; on titration it gives a good Neut. Eq., calcil. 
246.5; found 245.8 (1). 

C is very unstable: e.g., C in aq. soln. on warming dec. (1) (with loss of HCl and CKI2) 
into tetrachloroethylene (3:5460); presumably this same docompn. occurs on ])rocess of 
taking its m.p., and the value given above refers to rapid htg on ilg bath. 

Salts. The salts of C can be obtd. by neutralization with metal hydroxide of a cold 
satd. aq. soln of C followed by evapn. to dryness at low tern]).; aij. solns. of the salts are 
also unstable and rapidly decompose yielding metal chloride -h C( >2 + tetrachloroethylene 
(3:6460) (1). [For studies of influence of hght on decomim. of these salts see (2) (;$) 
cf. (4).] 

[For study of behavior of C with H2 + colloidal Pd see (5).] 

Acid chloride. Pentachloropropionyl chloride (3:0470) has been obtd. indirectly, i.e., 
from trichloroacryloyl chloride with CI2 in sunliglit (6); colorless cryst., m.p. 42°. 

3:4895 (l) Booaeken, Rec. trav. chim 46, 841-843 (1927). (2) Jaeger, J. Chem. Soc- 119, 2070- 

2076 (1921). (3) Jaeger, Berger, Rec. trav. chim 41, 72 (1921). (4) Jaeger, Cent. 1918, 1 1817- 

1818; Cent. 1911, II 1851. (5) Booseken, Rec. trav. chim. 35, 273-274 (1915). (6) Boesokeii, 

Hasselbach, Hec. trav. ch%m. 38, 11-14 (1913). 
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3:4900 


COOH 


3 ; 4900 3-CHLORO-4-METHYLBENZOIC ACID 


M.P. 300-202° ( 1 ) 

199-201° cor. (2) 
199° <3) 

196° (4) (5) 

196-197° ( 6 ) 

194-196° u.c. (2) 
194-195° <7) 



C 8 H 7 O 2 CI Beil, re - 498 

rxi- 


Long colorless ndls. from dil. ale. ; spar. sol. hot aq. ; eas. sol. cold ale. 

[For prepn. of C from 2-cliloro-4r-isopropyl-mcthylbenzene (2-chloro-p-C5Tiicne) (3:8775) 
by oxidn. with dil. HNO3 (7) of D = 1.24 for 8-14 days (2) or htd. 6 hrs. with 5 pts. HNO3 
(D = 1.39) + 5 pts. aq. (4) see indie, refs.; from 3-chloro-l,4-dimethylbenzene (2-chloro- 
7>-xylene) (3:8600) by oxidn. with nitrosulfomc acid fumg. HNO3 see (1) (5); from 
3-chloro-4-mcthylacetophenone {8) by oxidn. with alk. KMn04 see (8); from 3-chloro-4- 
methylbenzaldehyde (5) with 50% KOII (Cannizzaro reactn.) see (5); from 3-chloro-4- 
mcthylbenzonitrile, m.p. 48*48.5° u.c. (3), 45-46° (6), by protracted boilg. w'ith aq. KOH 
sec (3); from 3-chloro-4-motliylbenzamide (see below) on hydrolysis with 25% aq. NaOH 
sec (6).] 

Salts. I<A.1^2H20, cas. sol. aq. (9); CaA2.3H20, BaA2.4H20 (7). 

C on fusion with KOH yielck (7) (2) .3-hydroxy-4-mcthylbcnzoic acid [Beil. X-237]. 

[C on mononitration (9) yields a mixt. of three mononitro derivs. containing 60-70% 
3-chloro-4-methyl-6-nitrobenzoic acid [Beil. IX-50J^], ndls. from ale., m.p. 184-185° (9), 
20-30% 3-chloro-4-mpthyl-.5-mtrobenzoic acid [Beil. IX-503], ndls. from aq., m.p. 159° 
u.c. (9), and 5-10% 3-chloro-4-methyl-2-nitro!)cnzoic acid [Beil. IX-503], Ifts. from aq., 
m.p. 211° (9).] 

Ethyl 3-chloro-4-methylbenzoate: oil, b.p. 129-130° at 9 mm., = 1.1658, 

= 1.52531 (10). [Note that for the b.p. 149-150° formerly reported (3) no pres- 
sure is given.] 

3-Chloro-4-methylbenzaniide: Ifts. from aq., ale., or aq. ale., m.p. 173-175° (6) 

[From partial hydrolysis of 3-chloro-4-methylbenzonitrile (above) with aq. alk. (3) 
(6); furtlier hydrolysis yields (6) Cl 

3:4900 (1) Varma, Ramon, J. Indian Chem, Soc. 12, 541 (1935). (2) VonRerichten, Ber. 11, 

365-368 (1878). (3) Claus, Da\nd.scn, J. prakt Chem (2) 39, 497-498 (1889). (4) Hintikka, 

Ann. Acad tSez. Fcnnicae 19-A, No 10, 0 pp (192.3); C.A. 19, 42 (1925). (5) Wahl, Compt. 

rend 198, 1613-1614 (1934). (6) Magidson, Trawm, Ber 69, 538 539 (1936). (7) Vongerichteri, 

Ber. 10, 1249-1250 (1877). (8) Ganguly, LeFovre, J Chem. »Soc. 1934, 852. (9) Claus, Bocher, 

Ann. 265, 356-363 (1891). (10) von Auwers, Ilarres, Z. phymk. Chem. A-143, 17-18 (1929). 
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3 : 4908 4-CHLORO-2-Hn>ROXirB£NZOIC ACID C7H6O3CI Beil. X - 101 
(4-Chloro6alicylic acid) COOH Xi-( 47) 



M.P. [311** <1)] 

307.6® (2) 

307® <3) (4) 

306-307® {5) 

Colorless ndls. from aq.; spar. sol. aq., eas. sol. ale., CeHg, CHCI3. — Volatile with steam; 
sublimes with slight decompn. 

[For prepn. of C from m-ohlorophenol (3:0255) by treatment of dry sodium salt with 
CO2 at 140-150® under press, see (3); from 4-chloro-2-aminobenzoic acid (4-chloroanthra- 
nilic acid) [Beil. XIV-365, XIVi-(548)] via diazotization and boilg. with aq. see (3) (5); 
from 7-chloro-2,3-dimethylchromone [Beil. XVlIi-(177)] on boilg. with 4% aq. NaOH 
see <2); for formn. of C from p-chlorobenzoic acid (3:4940) by electrolytic oxidn. in acid 
Boln. see (4); from 4-chloro-2-methoxybenzoic acid (see below) by cleavage with HI see 

(IM 

C in aq. soln. gives with FeCls a purple color. 

[The methyl ether of C, viz., 4-chloro-2-methoxybenzoic acid, cryst. from aq., m.p. 148® 
(1), has been obtd. from 4-chloro-2-methoxybenzaldehyde (1) by oxidn. with aq. alk. 
KMn04<l).l 

3:4908 (1) Hodgson, Jenkinson, J Chem. Soc. 1937 , 1741-1742. (2) Simonis, Schuhmann, 

Ber. 60 , 1146-1147 (1917). (3) Varnholt, J. prakl. Chem. (2) 36 , 27-31 (1887). (4) Fichter, 

Adler, Helv. Chim. Acta 9 , 283 (1926). (5) Cohn, Mitt. Technol. Gewerb.~Mu8, Wien, 11 , 178- 
182; Cent. 1901 , 1 925. 

3:4910 PENTACHLOROBENZOIC ACID C7HO2CI6 BeU. IX - 347 




Cl Cl 

iXi-(i4a) 



Cl<( )>COOH 

a 61 

398® cor. 

(1) 



301® 

(2) 



300® 

<3) 



199-300® U.C. 

<4) 



199.6® 

(5) 




Ndls. or pr.; sublimes in vac. with slight decomposition (6). Very sol. toluene or ale. 
(5). — Best recrystd. from toluene + It. pet. ether (5). — Can be recrystd. from CaHe or 
dil. AcOH (6). — From ale. C (despite its high m.p.) first separates as an oil (5). 

[For prepn. of C from pentachlorotoluene (3:4937) with cone. HNO3 + Hg see <5); 
from pentachlorobenzaldehyde (3:4892) with KMn04 (90% yield) see (1); from aaym.~ 
tetrachlorophthalyl chloride -f- CI2 via conversion to and subsequent hydrolysis of penta- 
chlorobenzoyl chloride (3:2295) see (3); from 2,3- (3:4650) or 3,4-dichlorobenzoic acid 
(3:4925) + MnOz + fumg. HCl at 180-200® see (4).] 

Pentachlorobenzoyl chloride (3:2295), colorless Ifts. from ale., m.p. 87® (3), has been 
prepd. indirectly (see above), but the reaction (if any) of either PCIb or SOCI2 on C has 
never been reported. Upon hydrolysis with ale. KOH the acid chloride yields C <3). 
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Methyl pentachlorobenzoate: pr. from MeOH, m.p. 97® <3). [Prepared from 

pentachlorobenzoyl chloride + MeOH by 30 hrs. reflux. (3).] 

Ethyl pentachlorobenzoate: unrecorded. 

Pentachlorobenzamide : unrecorded. 

Pentachlorobenzanilide : unrecorded. 

3:4910 (1) Lock, Ber. 73, 303 (1939). (2) Steiner. Monatah. 36 , 827 (1915). (3) Kirpal, Kunae, 

Ber. 62 , 2105 (1929). <4) Claus, BUcher, Ber. 26 , 1627 (1887). (5) Silberrad, J. Cherrt. Soc. 127 , 

2684 (1925). (6) Eckert, Steiner, Monaiah. 36 , 187 (1915). 


3 : 4916 4-CHLORO-3-METHyLBENZOIC ACID C 8 H 7 O 2 CI Beil. IX - 478 

COOH IX„ 



209-310® cor. 

<1) 

209-210° 

(2) 

209.5° cor. 

(3) 

209° U.C. 

(4) 

208° 

(5) 

207-308° 

<6) 

203° 

<7) <8) 


Colorless ndls. from hot aq.; aim. insol. cold aq.; very spar. sol. even in hot aq. 

[For prepn. of C from 4-chlorol,3-dimethylbenzene (3:8665) by oxidn. with K2Cr207 
+ dll. H2SO4 see (8) (1); from 4-chloro-l-ethyl-3-methylbenzene (6) by oxidn. with dil. 
HNO3 (1:10) at 100° for 10 hrs. see (6); from 4-chloro-3-methylacetophenone [Beil. VII- 
307] by oxidn. with alk. KMn04 see (4); from 4-chloro-3-methyl-w,w,w-trichloroaceto- 
phenone {3) see (3); from /3-chloroethyl 4-chloro-3-methylphenyl ketone (5) by oxidn. with 
mixt. of equal pts. cone. HNO3 and aq. at 100° see (5); from l,2-6zs-(4-chloro-3-methyl- 
benzoyl)-l,2-<iibromoethane <2) by fusion with NaOH see (2); from 4-amino-3-methyl- 
benzoic acid [Beil. XIV-480] via diazotization and use of CU2CI2 reactn. see (7).] 

C on fusion with KOH yields (1) 4-hydroxy-3-methylbenzoic acid [Beil. X-225, Xi-(97)], 
m.p. 173° (1), together with some 4-hydrox3risophthalic acid [Beil. X-502, Xi-(256)]. 

Salts. CaA2.3H20 (8); BaA2.3H20 <8); both eas. sol. aq. 

C on further oxidn. with KMn04 yields (4) 4-chlorobenzenedicarboxylic acid-1,3 (4- 
chloroisophthalic acid ) (3 : 4980 ) . 

Ethyl 4-chloro-3-methylbenzoate: oil, b.p. 260-265® (8). [From C in ale. with 

HCl gas (8).] 

3:4915 (1) Jacobsen, Ber. 18 , 1761-1762 (1885). (2) Conant, Lutz, J. Am. Chem. Soc. 47 , 891 
(1925). (3) Houben, Fischer, Ber. 64 , 2649 (1931). (4) Claus, J. prakt. Chem. (2) 43 , 357- 

358 (1891). (5) Mayer, Mtiller, Ber. 66 , 2281 (1927). (6) Mailhe, BuU. soc. chim. (4) 29 , 291 
(1921). (7) Beilstein, Kreusler, Ann. 144 , 182 (1867). (8) Vollrath, Ann. 144 , 266-267 (1867). 
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3:4916 9,10-DICHLOROANTHRACENE 

(rw«so-Dichloroanthracene ) 


M.P. 310® 

309-310^ 

309° 

30»-309‘ 


< 1 ) 

<2) (3) 

(4) (5) ( 6 ) (7) 
( 8 ) (9) <10> (23) 
( 11 ) ( 12 ) 



C 14 H 8 CI 2 Beil. V - 664 
Vi-(334) 
V2-(575) 


Yellow ndls. from CCI 4 or CeHe or by sublimation; spar. sol. ale. or ether, eas. sol. CeHe. 

(For prepn. of C from anthracene (1:7285) with CI 2 in o-dichlorobenzene (5) (30) poly- 
chlorobcnzenes of b.p. 140-170° (4), nitrobenzene (4) (5), or in acetylene tetrachloride 
(5) (yields: 93-94% (4), 87-88% (5)) see indie, refs, (note that numerous attempts to 
use this reactn. are given in earlier literature (3) (13) (14) (15) (16) (17) (18) (19) (20) but 
none is well adapted for pure 0 owing to simultaneous formn. of more highly chlorinated 
cpds.); from anthracene with 8 O 2 CI 2 in CCI 4 (7) ( 11 ) or in xylene ( 11 ) at ord. temp, (yields 
aim. quant. (7) (11)) see indie, refs, (note, however, that the results are sometimes in- 
fluenced by the source of anthracene used ( 11 )); for formn. of C from anthracene (1 : 7285) 
with Cl 2 -aq. (21), with S 2 CI 2 (10), or with NOCl in s.t. at 150° or at room temp, in sunlight 
(22) see indie, refs. ; for formn. of C from anthracene present in crude phenanthrene during 
treatment of latter in CS 2 with CI 2 see ( 12 ).! 

[For prepn. of C from anthrone (9-hydroxy anthracene) [Beil VII-473, VIIi-(256y 
with 2 wt. pts. PCI 5 in CeHe or without solv. at lOO'* for 16 hrs. see ( 2 ); for formn. of C 
from 9,9, 10, lO-tetrachloro-9, 10-dihydroanthracene (9, lO-dichloroanthracene dichloride- 
9,10) [Beil. V-641, Vi-(309)] by actn. of Zn dust, Cu powder, or phenylhydrazine (3) or 
on boilg. with anthrone (above) in xylene ( 6 ) see indie, refs.; for formn. of C from 1 , 2,3,4- 
tetrachloro-9,10-dichloroanthracene by htg. with hydrazine hydrate -f- Cu powder in 
pyridine (23), or from 9-b(*nzylanthraeene with SOCI 2 in CHCI 3 (24), see indie. rt‘fs. ; from 
a-[9,10-dichloroanthracene tetrabromide-1,2,3,41 (see below) by treatment with Zn dust 
in AcOH or with Cu powder in CeHe see (3).] 

[C with CI 2 in cold CHCI 3 or acetylene tetrachloride gives (17) 9,9,10,10-tetrachloro- 

9. 10- dihydroanthracene (sec above); C with CI 2 in CeHe at 60° yields (17) 2,3,9, 10 -tetra- 
chloro-2,3-dihydroanthracene; C in warm CHCI 3 or cold CeHe gives (17) a mixt. of these 
prods.: the end prod, of chlorination of C in CeHe at 20 ° appears (16) (3) to be 1,2,3,4,9,10- 
hexachloro-l,2,3,4-tetrahydroanthracene [Beil. V-611, Vj-(287)], m.p. 205-207° (3). — 
C with SO 2 CI 2 in nitrobenzene at 100 ° yields (25) 2,9,10-trichloroanthraccne.] 

C adds 2 moles Br 2 giving according to conditions one or the other of two isomeric addn. 
compds.; i.e., C moistened with CHCI 3 and treated with 2 Br 2 yields (3) ( 8 ) a-[9,10-di- 
chloroanthracene-l,2,3,4-tetrabromide], colorless hexag. pr. from CeHe, m.p. 141-142° (3), 
while C with Br 2 vapor gives (3) ^-[9,10-dichloroanthracene-l,2,3,4-tetrabromidel, ndls. 
from CeHe Gess sol. than a-isomer), m.p. 178-179° (3), 178° (16) ( 8 ), 166° (15); both «- 
and j 8 -isomers with ale. KOH lose 2 HBr (the a- more rapidly than the ^-) yielding (3) ( 8 ) 
2,3-^bromo-9,10-dichloroanthracene, yel. ndls., m.p. 255-256° (3), 251-252° (15) (16) ( 8 ). 

[C in CHCI 3 treated with NO 2 gas gives (26) 9, 10-dichloro-9,10-dinitro-9, 10 -dihydro- 
anthracene (very unstable white cryst. on strong cooling) which in boilg. CHCI 3 yields 
anthraquinone (1:9095). — C with cone. HNO 3 (D = 1.43) in AcOH at 15-18° yields (27) 

9. 10- dichloro-9-hydroxy-10-nitro-9, 10 -dihydroanthracene [Beil. VIIi-(258)].] 

[C with fumg. H 2 SO 4 ( 20 % SO 3 ) in nitrobenzene at 12-15° (4) (5) cf. (28) (30) or in 
benzenesulfonyl chloride below 50° (28), or C with CISO 3 H in CHCI 3 or H 2 SO 4 at 30° (29), 
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yields 9,10-dichloroanthracenesulfonic acid-2 [Beil. XIi-(44)], cryst. with 2^^ H 2 O from 
ale., m.p. 158--159° (4), losing aq. in vac. at 140® to anhydrous acid, m.p. 212® cor. dec. (4) 
(corresp. sulfonyl chloride, m.p. 221-225® doc., corresp. sulfonamide, m.p. 279®, corresp. 
sulfonanilide, m.p. 247.8° cor. (4)).l — [For disulfonation of C see (33).] 

C is unaffected (13) by boilg. ale. KOH. — [For behavior of C with pyridine see (31). — 
For reactn. of C with NaSH in ale. yielding anthranol, anthrone, dianthrone, and other 
prods, see (32). — For use of C in prepn. of sulfur dyes see (34).] 

C on oxidation yields (18) anthraquinone (1:9095). 

C like many other anthracene dorivs. adds to suitable unsatd. linkages (35) (36) (37) in 
Diels-Alder fashion: e.g., C with maleic anhydride (1:0625) in nitrobenzene, boiled for 
15 mm., gives on cooling (50% yield (35)) adduct, colorless pr. from xylene, m.p. 258-259°, 
from chlorobenzene, m.p. 253° (36), in this adduct the halogen is stable toward boilg. ale. 
KOH (38) (39), but the adduct with AICI 3 in CeHe refluxed 10 min. yields (35) 9,10-di- 
phenylanthracene [Beil. V-747, Vi-(377)], cryst. from toluene, m.p. 248° (35). — C with 
j9-chloropropionic acid (3:0460) (used as source of acrylic acid (1:1020) by loss of HCl) 
boiled for 8 hrs. in o-dichlorobenzcne yields an adduct, cryst. from anisole, m.p. 245® (38); 
the halogen of this adduct is stable toward hydrolysis and is not removed by boilg. with 
10% ale. KOH for 40 min. (38). — C does not (38) form an adduct with cinnamic acid. 

3:4916 ( 1 ) Krollpfeiffer, Ann. 430, 225 (1923). (2) Barnett, Cook, Matthews, J. Chem. Soc. 

133, 2007 (1023). (3) Meyer, Zahn, Ann. 396, 175-176, 178 (1013). (4) Fedorov, J. Gen. Chem. 

(U.S.S.Ii.), 6, 444 454 (1936); Cent. 1936, II 1538, C.A. 30, 6360 (1936). (5) Minaev, Fedorov, 

Zhur. Prikkidnoi Khim. 3, 881-803 (1030); Reo. gin. mat. color. 34, 330-332, 376-382 (1930); 
Cent. 1930, II 3558; C A. 35, 1252 (1931). (6) Clar, Muller, Ber. 63, 873 (1930). (7) Barnett, 
Cook Grainger, J. Chem. Soc. 131, 2068 (1922). (8) Grandmougin, Compt. rend. 173, 1176- 
1178 (1921); Cent. 1933, I 1330. (0) Graebe, Licbermann, Ann. 160, 137 (1871). (10) Lipp- 

mann, Poliak, Ber. 34, 2768 (1001). 

(11) Iljmsky, Aheinoff, Ber 69, 1824 (1936). (12) Sandquist, Ann. 417, 20, 30-31 (1918). 

(13) Graebe, Liebennann, Anji Sappl. 7, 282-284 (1870). (14) Perkin, Bull. soc. chim. (2) 
37, 465 (1877). (15) Schwarzer, Ber 10, 376-379 (1877). (16) Hammerschlag, Ber. 19, 1106- 

1108 (1886). (17) M.L.B., Ger. 283,106, April 9, 1015, Cent. 1915, I 863. (18) M.L.B., Ger. 

282,818, March 22, 1915; Cent. 1915, I 772. (19) M.L B., Ger 284,790, June 5, 1915, Cent. 

1915, II 251. (20) M.L.B , Ger. 289,133, Dec. 9, 1915; Cent. 1916, 1 193. 

(21) Fedorov, Semenova, J. Applied Chem. (U.S.S.R) 13, 1076-1084 (1940); C.A. 35, 2139 
(1941). (22) Peirot, Compt. rend. 198, 1425 (1934). (23) I G , French 699,492, Feb. 16, 1931; 

Cent. 1931, I 3518. (24) Cook, J. Chem. Soc 1936, 2168 (25) M L.B , Ger. 292,356, June 2, 

1916; Cent. 1916, II 81. (26) Barnett, J. Chem. Soc. 137, 2042-2043 (1925). (27) M.L.B., 

Ger. 296,019, Jan. 15, 1917; Cent. 1917, I 460. (28) M.L B., Ger. 292,590, June 16, 1916; Cent. 

1916, II 208. (29) B.A.S.F., Ger 260,562, May 26, 1913; Cent 1913, II 104. (30) Minaev, 

Fedorov, Ilass 31,006, July 31, 1933, Cent 1934, I 2491. 

(31) Mieg, Hciclenreich (to I.G ), Ger. 593,671, March 5, 1934; Cent. 1934, II 848. (32) 

Ileilbron, Heaton, J Chem Soc. 133, 175 182 (1923) (33) B.A S.F 288,996, Nov 30, 1915; 

Cent. 1916, I 84. (34) Kaiischer, Salkowski, Frister (to I G ), Ger. 480,377, Aug. 2, 1929; Cent. 

1939, II 2381-2382. (35) Clar, Ber. 64, 2199-2200 (1931). (36) Kaiischer, Scheyer (to I.G.), 

Ger. 539,832, Dec. 2, 1931, Cent. 1933, I 1952. (37) I.G , Brit. 303,389, July 7, 1927; French 
639,359; Cent. 1938, II 2286. (38) Barnett, Goodway, Weekes, J. Chem. Soc. 1935, 1102-1103. 

(39) Barnett, Goodway, Higgins, Lawrence, J Chem. Soc. 1934, 1224. 


3:4930 3,4,6-TRICHLOROBENZOIC ACID C 7 H 3 O 2 CI 3 

Cl 

ac^ )>cooH 


Beil. IX - 346 
IXi- 


M.P. 210-210.6° (1) 

203° (2) 

Ndls. from aq. ale. — Sublimes in long ndls. — Somewhat volatile with steam. — Eas. 
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sol. cold ale., ether, acetone; mod. sol. CeHe, CHCls; spar. sol. CS2, pet. eth.; aim. insol. 
cold aq. 

[For prepn. of C from 3,4,5-trichlorobenzaldehyde (3:2440) by oxidn. with alk. KMn04 
see (1); from 3,6-dinitro-4-aminobenzoic acid (chrysanisic acid) [Beil. XIV-445] with fumg. 
HCl at 200® see (2); for formn. (together with other products) from benzotrichloride 
(3:6540) + CI2 see (3).] 

[For study of AgA, CaA2*6H20, BaA2.4H20 see (2).] 

The direct nitration of C has not been recorded. [However, 3,4,5-trichloro-2-nitrobenzoic 
acid, ndls. from ale., m.p. 181-181.5® <1), and 3,4,5-trichloro-2,6^nitrobenzoic acid, m.p. 
219-221.5® <1), have both been prepared from the corresponding aldehydes.] 

C with PCls yields (2) 3,4,5-trichlorobenzoyl chloride, m.p. 36® {2). 

Methyl 3,4,6-trichlorobenzoate : unrecorded. 

Ethyl 3,4,6-trichlorobenzoate: from C -f ale. + HCl (2), ndls., m.p. 86® (2). 

© 3,4,6-Trichlorobenzamide: from 3,4,5-trichlorobenzoyl chloride + cone. aq. NH4OH 
at 100® (2); ndls. from CeHc, m.p. 176® (2). 

3,4,6-TrichlorobenzaniUde: unrecorded. 

3:4920 (1) van de Bunt, Rec. trav. chim. 48, 132-133 (1929). (2) Salkowski, Ann. 163, 28-33 

(1872). (3) Claus, Biicher, Ber. 20, 1626 (1887) 

3:4922 2-CHLOROANTHRAQUINONE O C14H7O2CI 


ii 

M.P. 208® (36) 

{Canid.) 207® (10) (11) 

200-207® (12) (13) 

206-207® (14) 

204.6-205.5® (15) 

204® (16) (18) 

203-204® (17) 

[5e6 also l-chloroarUhrciquinone (3:4480).] 

Pale yel. ndls. from CoHe, chlorobenzene, or toluene; eas. sol. boilg. CeHe, toluene, or 
AcOH; spar. sol. boilg. ale. — Sublimes in vac. 

[For f.p./compn. data and diagram of system C -f- l-chloroanthraquinone (3:4480) 
(eutectic, m.p. 143.9-144.2®, contg. about 75% C) see (5J.] 

[For use of C in coloring oils, fats, and waxes see (19); C is widely used as intermediate 
in prepn. of many dyestuffs, but no general summary can be given here although selected 
examples occur in the following text.] 

[For prepn. of C from anthraquinonesulfonic acid-2 [Beil. XI-337, XIi-(83)] or its Na 
salt with 25% HCl -h NaClOs at 100® (11) (20) (for use of this method in detn. of mixt. 
of anthraquinone-a- and ^-sulfonic acids or their salts by f.p./compn. curve of resultant 
mixt. of l-chloroanthraquinone (3:4480) -f C see (5)) see indie, refs.; from sodium anthra- 
quinone-2H3ulfonate in ^1. HCl on exposure to light see (9), from anthraquinonesulfonic 
acid-2 on boilg. with dil. H2SO4 + NaCl -f NaClOa see (21); from anthracenesulfonic 


M.P. 212.4® cor. (1) 
211.0® cor. (2) 
210® cor. (3) 
210® (4) 

209® (9) 

209.6® (5) (6) 

208-209® (7) (8) 



Beil. Vn - 787 
vni-(4ii) 
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acid-2 [Beil. XI-194, XIi-(44)] with HCl -h NaClOs at 100® see (22); from anthr^uinone- 
sulfonic acid-2 or its Na salt (23) or from anthraquinonesulfonyl chloride-2 (24) with SOCI2 
in s.t. at 200-230® see indie, refs.) 

[For prepn. of C from o-(4-chlorobenzoyl)benzoic acid [Beil. X-750, Xi-(356)1 by ring 
closure with cone. H2SO4 at 160-170® (25) (16) (26) (27) (28) (4) (29) (34) (49) in pres, of 
AICI5 (30) see indie, refs, (for study of influenee of eonditions see espec. (27) (4) (31)); 
from o-(3-chlorobenzoyl)benzoie acid (32) or from 2-benzoyI-4-clilorobenzoic acid [Beil. 
X-750, Xi-(356)] (33) by similar ring closure with H2SO4 see indie, refs.; from 4-chloro-2- 
benzoyl-benzoyl chloride on htg. see (33).] 

[For prepn. of C from 2-chlorobutadiene-l,3 (chloroprene) (3 : 7080) + naphthoquinone- 
1,4 (1:9040) in CeHe see (6); from a-chlorocrotonaldehyde (3:8117) -f* naphthoquinone- 

l, 4 (1:9040) in CcHe with piperidine see (74); from 2-aminoanthraquinone (see below) 
via diazotization and rapid htg. of diazonium chloride at 160® see (8); from 2-chloroanthra- 
quinonecarboxylic acid-4 by htg. at 286-290® (7) or from 2-chloroanthraquinonecarboxylic 
acid-5 by htg. in s.t. at 310-320® or by distn. of its Ba salt with BaO see (17) of (15); from 
2,9,10-trichloro-9-hydroxy-10-nitro-9,10-dihydroanthracene [Beil. VIIi-(258)] in CeHs, 
nitrobenzene, or AcOH by htg. at 90-95® see (35); from 2,9,10-trichloroanthracene [Beil. 
Vi- (325)1 (36) or from 2-chloroanthrone-9 (or 10) (12) by oxidn. with CrOs see indie, refs.] 

[For prepn. of C from 1-chloroanthraquinone (3:4480) by htg. with cone. H2SO4 at 
200-205® for 9 hrs. see (37).] 

[C on reductn. with Zn dust + cone. aq. NH4OH under reflux yields (18) (37) 2-chloro- 
anthracene [Boil. Vi-(324)], m.p. 217® (37), 215® (18). — C on reductn. with hydrazine 
hydrate in MeOH/KOH at 10 atm. and 135® for 1}4 hrs. in pres, of Pd/CaCJOs cat. yields 
(38) 6is-(2,2'-anthra(iuinonyl) [Beil. VIIi-(496)], m.p. 387-388®. — C on reductn. with A1 
powder + cone. H2SO4 (40) or with Sn -f HCl (39) yields a mixt. of 3-chloroanthrone-9, 

m. p. 156® (38) (corresp. acetate, m.p. 146® (41) (42)), and 2-chloroanthrone-9, m.p. 155® 
(41) (corresp. acetate, m.p. 143® (41)); this mixt. of chloroanthrones can be sepd. by 
acetylation with AC2O + pyridine and fractional crystn. of the resultant acetates (42). — 
For use of this reductn. method in prepn. of vat dyes see (43). — For study of oxidn./ 
reductn. potential of C see (13).] 

[C with MeOH/KOH in s.t. at 130® yields (44) 2-methoxyanthraquinone [Beil. VIII- 
343, VIIIi-(658)], m.p. 196®. — C with 2-hydroxyanthraquinone -f NaOAc -|- Cu powder 
htd. at 250-260® for 12 hrs. gives (66% yield (45)) di-(2-anthraquinonyl) ether, pale yel. 
ndls. from pyridine, m.p. 324® (45). — C with K xanthate -f- Cu powder boiled for 16 hrs. 
in AmOH gives (56% yield (45) (46) di-(2-anthraquinonyl) sulflde, cryst. from xylene, 
m.p. 290.5-291® (4.5). — C w'ith thiosalicylic acid (2-mercaptobenzoic acid) -h solid KOH 
htd. in AmOH at 150® for 8 hrs. gives (77% yield (3)) iS-(2-anthraquinonyl) thiosalicylic 
acid [Beil. Xi-(56)], m.p. 278® cor. (3); this prod, on htg. with H2SO4 or better with p- 
toluenesulfonyl chloride at 200® (3) (47) ring-closes by loss of H2O to 1,2-phthalylthioxan- 
thone [Beil. XVlIi-(291)], yel. ndls. from AcOH, m.p. 278® cor. (3).] 

[C with NaOH -f glycerol htd. at 190® is claimed (48) to yield anthraquinone (1:9095). 
— C with NaOH + NaClOs htd. 28 hrs. at 195® (49) cf. (M) (61) (52) gives (95% yield 
(49)) 1,2-dihydroxyanthraquinone (alizarin) (1:9105). — C with NaSH boiled in aq. 
ale. yields (53) 2-mercaptoanthraquinone [Beil. VIII-346, VIIIi-(659)], yel. ndls. from 
AcOH, m.p. 206® (54). — C with Na2Se boiled in dil. ale. yields (55) 2-6elenomercaptoanthra- 
quinone, but C with Se -f NaOAc htd. at 205-210® in a mixt. of trichlorobenzene -h tetralin 
for 8 hrs. yields (56) di-(2-anthraquinonyl) selenide.] 

[C with cone. aq. NH4OH in pres, of Cu salts under press, and at elevated temp. (180- 
200®) gives (yields: 97.5% (57), 98.6% (2)) (27) (58) (59) (60) 2-aminoanthraquinone 
[Beil. XlV-191, XIVi-(449)], red ndls., m.p. 302® (for study of influence of conditions see 
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(57) <2) (27) (61) (62)). —C with hydrazine hydrate + pyridine in s.t. at 170® for 8 hrs. 
gives (20% yield (63)) 2-hydrazinoanthraquinone [Beil. XVi-(200)], or.-yel. ndls. from 
pyridine, m.p. 228-229° (63).] 

[C with 4 moles CeHsMgBr in ether yields (64) (65) 2-chloro-9,10-diphenylanthracene, 
yel. cryst. powder, or. ndls. from AcOH, m.p. 194° (64), 193° (66), 185° (65).] 

[For formn. of addn. cpds. of C with SbCls in CHCI3 see (10); for formn. of 2-anthra- 
quinonylpyridmium chloride from C + AlCla in pyridine sec (67).] 

[The direct sulfonation of C appears not to have been reported m the scientific literature 
although C with fumg. H2SO4 at 125-130° in pres, of Hg salts cf. (73) as directed is claimed 
in a patent (68) to yield 2-cliIoroanthraquinonesulfonic acid-5. — Two monosulfonic acids 
of C are known, however, although prepared by indircjct means; these are 2-chloroanthra- 
quinonesulfonic acid-6 (corresp. sulfonyl cliloride, deep yel. ndls. from chlorobenzene, m.p. 
202° (69), from CeHe, m.p. 202-203° (71)), and 2-chloroanthraquinonesulfonic acid-7 
(corresp. sulfonyl chloride, yel. cryst. from Cellc, m.p. 205° (70), 200-201° (71), 176° (69)); 
note that the alkali salts of bot/i the.se acids are almost completely insoluble in aq. (71) and 
the above anomaly in m.p. of the sulfonyl chlorides may have been due to impure material. 
— C on htg. with fumg. H2SO4 (40% SO3) at 180° yields (72) a mixt. of siilfonated products 
which on alk. fusion give 1,2,6-trihydroxyanthraquinone (flavopurpuriii) [Beil. Vlll-513, 
VIIIi-(741)] and l,2,7-trihydroxyanthra(iumone (anthrapurpurin) [Beil. VHl-516, VIIIi- 
(742)].] 
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155, 106-167 (1940). (39) Barnett, Matthews, J. Chem. Soc. 123, 2550-2551, 2554-2555 (1923). 

(40) Eckert, Tomaschek, Monatsh. 39, 862 (1918). 

(41) Barnett, Wiltsliire, J. Chem. Soc. 1928, 1824. (42) Barnett, Goodway, J. Chem. Soc. 

1930, 1350. (43) Bayer and Co., Ger. 203,436, Oct. 20, 1908; Cent. 1908, II 1756 (44) Baver 

and Co., Ger. 229,316, Dec. 13, 1910, Cent, 1911, I 180. (45) Perkin, Sewell, J Chem Soc 123 

3036-3038 (1923). (46) Ullmann-Goldlierg, Ger. 265,591, Jan. 10, 1913; Cent 1913 T 480* 

(47) Ullmann, Ger. 238,983, Oct. 7, 1911; Cent. 1911, II 1289. (48) Oda, Tamura 'Maeda’ 
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J. Soc. Chem. Ind. Japan 41 (Suppl. bindg.), 193-195 (1938); Cent. 1939, I 1360; C.A. 32, 7447 
(1938). (49) Karpukhin, Amhnokrasochnaya Prom. 5, 317-321 (1935); Cent. 1936, I 2826; 

C.A. 30, 7112 (1930). (50) Daxios and SrottLsh Dyes, Ltd., Brit. 174,101, Feb. 16, 1922; Cent. 

1922, II 877. 

(51) Rogcis (to National Aniline and Chcm Co), Brit. 181,673, Aug. 10, 1922; Cent. 1923, 
IV 882. (62) Scottish Dyes, Ltd , A 'rhomas & Hereward, Brit. 246,529, Feb. 25, 1926, French 

591,489, July 4, 1925, Swiss 115,113, June I, 1926, Cent. 1926, II 2949. (53) Bayer and Co., 

Ger. 206,530, Feb. 1, 1909; Cent. 1909, 1 1059 (54) Gattcrinann, Ann. 393, 149-155 (1912). 

(55) Bayer and Co., Ger. 264,941, Sept. 25, 1913, CerU 1913, 11 1351. (56) Perkins (to du Pont 

Co.), US. 1,973,773, Sept 18, 1931, Cent. 1935. 1 3051. (57) Groggms, Stirton, Ind. Ena 

Chem. 25, 42-49 (1933). (5S) B A S F , Ger 295,624, Dec. 11, 1910, Cent. 1917, I 295. (59) 

Williams (to du Pont Co ), U.S. 1,775,360, Sept 9, 1930, Cent 1931, II 1195 (60) Groggins, 

U.S 1,923,618, Aug 22, 1933, Cent 193:1, II 2894, C.A 27, 5339 (1933), U S. 1,892,302, Dec. 27, 
1932, Cent. 1933, II 1764; C.A. 27, 1893 (19.3.3). 

(61) Vorozhtsiov, Nikitm, J. Gtn, Chem. {U.lS.ti.P) 7, 2080-2086 (1937), Cent. 1938, I 2355; 
C.A. 32, 5.39 (1938). (62) Vorozhtsov, Kobelcv, ./. Gen Chem. (U S S.R.) 9, 1515-1516 (1939), 

C A. 34, 2088 (1940). (63) Molilaii, Per. 45, 2216 (1912). (64) Barnett, Cook, Wiltshire, J. 

Chem. Soc. 1927, 1728 (65) 10 Borgin.'inn, () Blum-Bergmann, J Am. Chnn Soc. 59, 1440 

(1937). (()6) Ingold, Mai shall, ./ (’hem Soc. 1926, 3087. (67) Miegs, Heidcnrcich (to I.G.), 

Ger. 593,671, Maich 5, 1934; Cent 1934, II 848. (68) Wholen (to du Pont Co ), U.S. 2,074,306, 

March 16, 1937, Cent 1937, I 18()1, C A 31, 3508 (1937). (69) Fierz-David, Andereau, Helv. 
Chim. Acta 10, 225-227 (1927) (70) Joiic.s, Mason, ./ Chem Soc 1934, 1814. 

(71) Goldberg, ./ ('him Sot 1932, 73-71, 77 (72) Bayer and Co., Gci 217,552, Jan. 17, 

1910, Cent. 1910, I 700. (73) Ullmann, Ger 223,642, June 27, 1910, Cent 1910, II 427. (74) 

Nicodemus, Vollmaiin, Sohlofifei (to I G ), Ger. 715,201, Dec 16, 1941, Cent. 1942, I 1811, 
ICA. 38, 2049 (1944)]. 


3:4925 3,4-DICHLOROBENZOIC 

ACID CtILiOoCL 

BeU. IX - 343 

Vi/ ^COOll 

Cl 

DC, -(141) 

M.P. 311-812° (1) 

M.P. 204.1° ( 6 ) 


208-209° (2) (20) 

(Contd.) 203° (7) 


206° (O) 

201-202° ( 8 ) (19) 


205° (4) 

201° (9) 


304-305° (5) 

200 ° cor. ( 10 ) 



N(ils. from aq., ale., 60% ale. ( 6 ), CgUo (2) ((>)» o*’ AcOH (4) (18). — Volatile with 
steam. — Apiireciably more sol. in hot nq. than m cold; very ( as. sol. ale. 

[For ])repn. of C fi-om 3 , 4 -dichIorotoluene (:L 6.355) by oMdn. ( 2 ) with CrOa ( 8 ) (11), 
with dll. HNOa in s.t. at 130-140° (9) (3), or with KMn ()4 ( 6 ) see indie, refs.; for prepn. 
by oxidn. of 3,4:-diclilorobonzyl cliloiidc (S) (11), 3,4-diclilorol)enzal chloride (3:6876) 
( 8 ) (11), 3 , 4 -diclilorobenzaldehydc (3.0550) (12), 3,4-dichlorobiphenyl (3:0685) (10), or 
chlorinated isopropylbenzene (cumene) (5) 8 (*e mdic. refs.: for prepn. from benzoic acid 
(1:0715) by actn. of HCl -f- KClOa (II) (20) or Ca(( 4 Cl )2 (11) see indicated refs.: for 
still other misc. metliods see Beil, IX-:i43 -f- IX]-(141) ] 

C is scarcely affected by htg. with fumg. IINO 3 (13) but on soln. in latter and treatment 
as directed (13) with cone. 112^04 yields 3,4-dichloro-a;-nitrobenzoic acid, m.p. 160° (13). 
[This prod, may or may not be identical witli that of m.p. 165° obtd. indirectly (14).] 

C with PCI 5 (15) or S( 4 Cl 2 (16) yields 3,4-dichlorobenzoyl chloride, b.p. 242° ( 8 ), 159- 
160° at 42 mm. (15), 88.0-88.3° (16). [For formn. of this prod, in chlorination of BzCl 
see (4).] 

Methyl 3,4-dichlorobenzoate : unrecorded. 

Ethyl 3 , 4 -dichlorobenzoate: b.p. 262-263° ( 8 ). [For study of rate of hydrolysis 

see (17).] 
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(g) 3,4-Dichlorobenzamide: from 3,4-dichlorobenzoyl chloride + NH3 (8); m.p. 133® 
(8); 168-168® (1), 169® (18). 

3,4-Dichlorobenzaiiilide: unrecorded. 

3:4923 (1) Gough, King, J. Chem. Soc. 1930, 696-691. (2) Kraay, Rec. trav. chim. 49, 1086 

(1930). (3) Wynne, J. Chem. Soc. 1936, 705. (4) Hope, Reilly, J. Chem. Soc. 123, 2476 (1923). 

(5) Quist, Salo, Acta Acad. Aboenais Math, ei Phya. 8, No. 4, 30 pp. (1934); Cent, 1934, II 694r' 
595; 1986, I 538-540; C.A. 29, 6884 (1935). (6) Bornwater, Holleman, Rec. trav. chim. 31, 

228-230 (1912). (7) Pieper, Ann. 142, 306 (1876). (8) Beilstein, Kuhlberg, Ann. 162, 224- 

234 (1869). (9) Lellmann, Klotz, Ann. 231, 313-314 (1885). (10) Scarborough, Waters, J. 

Chem, Soc. 1926, 560. 

(11) Beilstein, Ann. 179, 283 (1875). (12) Gmeliri, Banziger, Ber. 29, 875 (1896). (13) 

Claus, Bucher, Ber. 20, 1624 (1887). (14) Ruggli, Zaeslin, Helv. Chim. Acta 19, 434-437 (1936). 

(15) Cohen, Briggs, J. Chem. Soc. 83, 1213 (1903). (16) Norris, Ware, /. Am. Chem. Soc. 61, 

1418-1420 (1939). (17) Blakey, McCombie, Scarborough, J. Chem. Soc. 1926, 2863-2868. 

(18) Cohen, King, Strangoways, J. Chem. Soc. 1930, 3427. (19) Hodgson, Beard, J. Chem. Soc, 

1927, 25. (20) Biswas, Das-Gupta, J. Indian Chem. Soc. 19, 497-498 (1942); C.A. 37, 5709 

(1943). 


3:4938 3-CHLORONAPHTHOIC ACID-2 C11H7O2CI Beil. K - 661 



M.P. 316.5® (1) 

316® (2) 

313-313® (3) 

Cryst. from MeOH + aq. (2) or from CeHe (3). — Eas. sol. org. solv. 

[For prepn. of C from 3-aminonaphthoic acid-2 [Beil. XlV-535, XIVi-(623)] via diazotiza- 
tion and use of CU2CI2 reactn. (aim. quant, yield) sec (3); from the corresp. acid chloride 
(below) by hydrolysis with aq. see (1).] 

C with Cu bronze refluxed in nitrobenzene for 2 hrs. gives (48% yield (4)) /3-naphthoic 
acid (1:0800), m.p. 185® (4). 

[No record can be found of direct conv. of C to the corresp. acid chloride (3-chloro-2- 
naphthoyl chloride); however, this comixl., m.p. 56.5® (1), b.p. 248® at 160 mm. (1), has 
been obtd. indirectly from 3-hydroxy-2-naphthoic acid (1:0850), with PCls in 49% yield 
(1); note that 3-hydroxy-2-naphthoic acid with SOCI2 gives instead 3-%droxj/-2-naphthoyl 
chloride, m.p. 96® (5), k.5® (6), in 82% yield (5). 

[For condens. of C with pyrazolanthrone see (8).] 

(P Methyl 3-chloro-2-naphthoate: cryst. from MeOH, m.p. 58-59® (3), 68® (7). [From 
C in MeOH with cone. H2SO4 (88% yield (7)), from C with ethereal diazomethane 
(3), or from the acid chloride (above) with 6 pts. MeOH (3).] [For reactn. of this 
ester with 1-aminoanthraquinone see (7).j 

® Ethyl 3-chloro-2-naphthoate: Ifts. from It. pet. or from ale., m.p. 57-59® (3), 50® (1); 
b.p. 218-222® at 160 mm. (1), 195—197® at 18 mm. (3), volatile with steam. [From 
C in Eton with HCl gas (1) (3).] 

(g) 3-Chloro-2-naphthoamide: ndls. from AcOH, m.p. 236-237® (1). [From the acid 
chloride (above) with cone. aq. NH4OH (1).] 

3:4928 (l) Strohbach, Ber. 34, 4158-4162 (1901). (2) Hosaeus, Ber. 26, 668-671 (1893). (3) 
Bergmann, Hirshberg, J. Chem. Soc. 1936, 333. (4) Clemo, Spence, J. Chem. Soc. 1928, 2818. 
(5) Bhat, Forster, Venkataraman, J. Soc. Dyers Colouriats 56, 170 (1940). (6) Abrahart, J. 

Chem. Soc. 1938, 426. (7) Ullmann, Dootson, Ber. 51, 22-23 (1918). (8) I.G., Brit. 298,775, 
Nov. 8, 1928; French 644,589, Oct. 10, 1928. 
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3 : 4930 meso-a,a'-DICHLOROSUCCINIC ACID C4H4O4CI2 

COOH 

H—i— Cl 

iooH 

M.P. 220"* cor., dec. (in 


sealed cap. 

tube) (1) 

217-218° 

(2) 

214-218° 

(10) 

215° U.C. 

(3) 

215° dec. 

(4) (5) 

213° 

(7) (16) 

210° dec. 

(8) 

209-213° 

(9) 


Beil, n - 619 
nx-(367) 
n2-(558) 


[See also d,l-<ji,a'-dichlorosuccinic acid (3:4711).] 

Hexag. pr. from aq. — C is readily sol. aq. although less so than its d,Z-isomer; e.g., 
100 cc. satd. aq. soln. of C at 0° conts. 12.0 g. C (4); C is eas. sol. ale., ether, acetone or 
CHCI3; spar. sol. CeHe or Igr. 

[For prepn. of C from disodium salt of maleic acid (1:0470) in satd. aq. NaCl soln. with 
CI2 at 0® in dark or diffuse daylight (yields: 74.5% (7), 66% (10), 65% (1)) cf. (16) see 
indie, refs, (note that as a side reactn. some addn. of HOCl also occurs leading to as much 
as 7% (1) chloromalic acid): from fumaric acid (1:0895) with excess CI2 in s.t. in sunlight 
for 3-4 days see (6); from Tweso-a, a'-diaminosucci:iic acid [Beil. IV-486, IV2-(901)] in aq. 
HCl with NOCl or AgN02 (75% yield) see (3); from weso-a,a'-dichlorosuccinyl (di)- 
chloride (3:9087) by hydrolysis with aq. see (5).] 

[For formn. of C from 6t«-acetyl peroxide (9) by decomposition in chloroacetic acid 
(3:1370) at 85-95° (CO2 + CH4 are also formed) see (9).] 

C behaves as a normal dibasic acid: titration with standard dil. aq. alk. gives Neut. 
Eq. 93.5. — [For study of acid strength (Ki = 361 X 10“^ at 20.2°, K 2 = 9.4 X lO"** at 
17.8° (4)) see (4) (8); (18) for study of conductivity see (11).] 

[Salts (of metals). Ag2A, amorphous ppt. (6) which on boilg. with aq. for 10 hrs. yields 
(12) both d,i-tartaric acid (1:0550) and meso-tartaric acid (1:0490); CaA.2H20, eas. sol. 
aq. and ale. (6); SrA.H20 (6); BaA, very eas. sol. aq., insol. ale. (6); ZnA.3H20 (6); 
CdA.3H20, very eas. sol. aq., insol. ale. (6).] 

C with cold aq. KOH loses 1 HCl yielding (5) (7) (14) chlorofumaric acid (3:4853); 
C with NaOAc/AcOH on boilg. (13) (17) or aq. soln. of Na^ on boilg. ^ hr. (12) loses 
1 HCl yielding chloromaleic acid (3:3432); C on warming in dil. H2SO4 gives both (14) 
chlorofumaric and chloromaleic acids. [For study of rate of decompn. of C by aq., acids, 
or alkalies see (7) (8) (15).] 

K2A in aq. soln. maintained at neutrality at 100° dec. with formn. (14) of acetaldehyde 
(1:0100), CO2 + maso-tartaric acid (1:0490). 

C with AC2O at 150° yields (12) chloromaleic anhydride (3:0280). 

The acid chloride (3 : 9087) corresp. to C is known but is usually obtd. indirectly. 


(© Dimethyl meso-a, a'-dichlorosuccinate: m.p. 31.5-32° (see 3:0240). 

Diethyl meso-a, a'-dichlorosuccinate: m.p. 63° (see 3:1364). 

Acid salt of C with cff,-a-dhenylethylaniine: tbls. from aq., m.p. 133-134° rap. 

htg. (13); satd. aq. soln. at 25° conts. 81.4 g./liter (13). [For the corresp. acid salts 
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of C with the two opt. act. forms of this base see (13); both have m.p. 128^129®, and 
their satd. aq. solns. at 25° cont. 76.1 g./liter (13).] 

3:4930 (1) Kuhn, Wagner-Jauregg, Ber. 61 , 501-502, 518-521 (1028). (2) Aminoff, Arkiv 

Kemi, Mineral. Gaol. 7 , No 9, 11 (1918), Ceiit 1919 , III 319, C.A. 14 , 2119 (1920). (3) Kuhn, 

Zumstein, Btr. 59 , 485 (1920). (4) Kuhn, Wagner-.Jaurogg, Ber. 61 , 484, 487-498 (1928). 

(5) Michael, Tissot, J. prakt Chem. (2) 46 , 394 395 (1892) (O) Kirchhoff, Awn. 280 , 210-215 

(1894). (7) Robinson, Lewis, ./. Cham. Boc 1933 , 1200-1202 (8) Ilolmherg, J . prakt. Chem. 

(2) 84 , 148, 152, 104 (1911). (9) Kharasch, (Ihulstonc, J Am. Chem. Soc. 65 , 17 (1943). (10) 

Terry, Eiohelbergor, ./. Am. Chem. Soc. 47 , 1008, 1070-1077 (1925). 

(11) Michael, Bunge, Ber. 41 , 2912 (1908). (12) Michael, TLssot, J. prakt Chem. (2) 52 , 

331--335 (189.5). (13) van der Riot, Awn. 280 , 229 (1894). (14) Holmberg, Arkiv Kcmi, Mineral. 

Geol. 8 , No. 2, 0, 32 (1920), Cent 1921 , I 8.30, C A 16 , 2110 (1922) (15) Johansson, Z. physik. 

Chem. 79 , 625-020 (1912). (10) 3'irnniernians, van Laucker, Jaffe, Bull. soc. chim. Bclg. 48 , 

42 (1939). (17) Ashton, Partington, Trans Faraday Soc. 30 , 602 (1934). (18) Holmberg, 

Svensk. Kern. Tid 24 , 105-109 (1912); Cent 1912 , II 1018, C.A. 7 , 80 (1913). 


3:4933 4-CHLORO-3-HYDROXYBENZOIC ACID CtHbOsCI Beil. S.N. 1068 


COOH 



M.P. 219.5-230.5° (I) 

Colorless ndls from a(b 

[For prepn. of C from 4-amino-3-liydroxybenzoic acid (1) via diazotization and use of 
CU 2 CI 2 reactn. see (1); note that the prod, formeily (B(‘il X-143] supposed to have been 
C is now regarded (1) as probably the O-chloroisomer (3:4720).] 

3:4933 (1) Beyer, Rec. trav. chirn. 40 , 027 (1921). 


3:4935 3,6-DICHLORO-2-HYDROXYBENZOIC C 7 H 4 O 3 CI 2 
ACID COOH 

(3,5-Dichlorosalicylic acid) /^OH 

Cl' 


M.P. 220-221° (1) 

219-220° (2) 

319.5° (3) (10) 

219° (4) (5) (6) (7) 

215° (8) 

214° (9) (11) (12) 


Beil. X - 104 
Xi-( 48) 


Colorless scales or ndls. from aq. ale.; very spar. sol. hot aq., eas. sol. ale., ether; sublimes 
with partial decomposition. 

[For prepn. of 6 from o-hydroxybenzoic acid (.salicylic acid) (1 0780) in aq. KOH (3 
moles) (11) (10), or in aq. KOH (1 mole) (14) (17), or in aq. KOH (2 moles) (15) (16), in 
EtOH (17), in AcOH (12) (10) (2), or in CS 2 susp. (17) with CI 2 se(‘ indie, refs.; with 30% 
H 2 O 2 + HCl (80% yield) see (4); by htg. with SbCls sen (13). (Note that by most of 
these methods 5-chloro~2-hydroxybenzoic acid (5-chlorosalicylic acid) (3:4705) may 
also be formed; from this C may also be sep. via^^ts spar. sol. BaA 2 (17).)] 

[For prepn. of C from sulfosalicylic acid with CI 2 in aq. see (8); from K 2,4-dichloro- 
phenolate with CO 2 at 140° see (11); from 3,5-dichlorosalicylaldehyde by oxidn. with alk. 
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KMn04 (yield 100%) see (9); from 3,5-dichloro-2-methoxyben2oic acid with 45% HI in 
s.t. at 120-130° see <3); from chloral-3, 5-dichlorosalicylamide by hydrolysis see {!).] 

C on htg. with CaO (17) (7) or at 200° in aniline (18) loses CO2 yielding 2,4-dichlorophenol 
(3:0560). 

C with FeCls gives (13) (2) a dark violet color. 

[C in 60% fumg. H2SO4 treated with CI2 at 80-90° for 15 hrs. gives (70% yield (19)) 
3,5,6-trichlorosalicylic acid, white pi. from aq. ale. or aq. AcOH, m.p. 207° cor. (19); (this 
with AC2O + trace H2SO4 gives corresp. acetate, ndls. from Igr., m.p. 129.5° cor. (19)).] 

C in AcOJI treated with fumg. IINO3 yields (20) 4,6-dichloro-2-nitrophenol, m.p. 122° 

( 20 ). 

C with PCI5 (1 mole) yields (5) (10) 3,5-dichloro-2-hydioxybenzoylchloride (3,5-dichloro- 
salicyloyl chloride), ndls. from ether -f pet. eth., m.p. 79°. [For details on various phos- 
phorus compounds also formed in this reaction see (21 ).] [Note also existence of anhydride 
of C (from the acid chloride + AgA), ciyst from CITCI3, m.p. 180-187° (5) (28).] 

[C in aq./alc./H2S04 gives (22) on electrolytic reduction 3,5-(lichloro-2-hydroxybenzyl 
alcohol, ndls. from OoHc, m.p. 82° (22); for study of prepn. and Ihermal rearr. of allyl 
(23), crotyl (23), benzyl (24), and other (25) ethers of C see indie, refs.) 


(g) Methyl 3,6-dichloro-2-hydroxybenzoate : ndls. from ale. or ether, m.p. 150° (15), 
147° (5) (26), 143-144° (7) (3), 142° (12). [From AgA + Mel in s.t. at 135° (12), 
from 3,5-dichlorosaiicyloyl chloride (above*) with MeOPI (5), or from methyl salicylate 
(1 . 1750) in AcOH with CI2 (20).] [This ester with AcijO yields (7) corresp. acetate, 
ndls. from MeOH, m.i). 57° (7) j 

(P Ethyl 3,6-dichloro-2-hydroxybenzoate: ciyst. from eih(‘r, m.p. 57° (5), 47° (12). 
[From AgA + C/oII.J as al)<)v(‘ (12) (3), from 3,5-dichlorosalicyloyl chloride (above) 
with FtOII (5), or fiom etliyl salicylate (I 1755) with C’ly (27).] 

3,6-Dichloro-2-hydroxybenzamide: m.p. 209° (11). 

3,6-Dichloro-2-hydroxybenzaniIide: m.p. 134 5° (5) [From 3,5-dichIorosalicyloyl 

cliloride (above) with aniline* in ether (5) j 


3:4935 (1) Hirwe, Rana, Ber, 72, 1353 (1039) (2) Tlirwo, Rana, Oavaiikar, Proc. Indian Acad. 

Sci. A-8, 211 (1938). (3) Martini, (iazz chun ital. 29, II 62-63 (1809). (4) Leulier, Pinet, 

Bull. .HOC chim (4) 41, 1363-1364 (1027) (5) Anschutz, Mchiing, Ann 346, 300-311 (1906). 

(G) Blitz, Stepf, Btr 37, 4030 (1004) (7) Zincke, Ann 261, 252-251 (1801). (8) Datta, Mitter, 

J. Am. Chem. Soc 41, 2037 (1910). (O) Dcy. Ruw, J Chnn Soc 125, 560 (1924). (10) Earle, 

Jackson, J. Am. Chan Soc 28, 109 (1906). 

(11) Taiugi, (iazz. chun. ital. 30, II 487 489 (1900). (12) Smith, B(r. 11, 1225-1227 (1878). 

(13) Lossiier, J . prakt Chem. (2) 13, 429 431 (1876). (14) (’aliours, Ann ch%m (3) 13, 108-111 

(1845); Ann 52, 341-343 (1844). (15) T.a.s.sai -( \)hn, Schultze, Her 38, 3300 (1005). (16) 

Ullrnann, Kopetschni, Bcr. 44, 428 (1011). (17) Hccht, Am. Chem. J. 12, 503-500 (1890). 

(18) Cazeiieuvo, Bull soc. ch%m. (3) 15, 74 (1800). (10) F'arinholt, Stuart, Twiss, J. Am. Chem. 

Soc. 62, 1239 (1940). (20) Smith, Knerr, Am. Chem. J. 8, 08 (1886). 

(21) Anschutz, Ann. 454, 81-82, 105-106 (1027) (22) Mcttlcr, Ber. 39, 2939 (1906). (23) 

Tarbell, Wilson, J Am Chem. Soc. 64, 007 612 (1042) (24) Tarbell, Wystrach, J. Am Chem. 

Soc. 65, 2146-2149 (1943). (25) Tarbell, WV^trach, J. Am Chem. Soc. 65, 2149-2153 (1943). 

(26) Claisen, Ann. 418, 85 (1919) (27) Cahoiirs, Ann. chim (3) 27, 461-462 (1849), Ann. 74, 

312 (1850). (28) Anschutz, Ber. 30, 223 (1897). 


COOH 


3:4936 4-CHLORONAPHTHOIC ACID-1 



CUH7O2CI 


Beil. DC - 
DCr 


651 


M.P. 221-223° (2) 
210 ° ( 1 ) 
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Ndls. from ale.; eas. sol. ale. or AeOH; spar. sol. aq., CHCI3, ether, or hydroearbons. 
[For prepn. of C from 4-aminonaphthoie aeid-1 [Beil. XIV-533] by diazotization, eonver- 
sion with CuCN to 4-ehloronaphthonitrile (see below), and hydrolysis of the latter by 
boilg. with a mixt. of 50% AcOH (2 vols.) -|- eone. H2SO4 (1 vol.) see (1); from l-ehloro- 
4-(ehloromethyl)naphthalene, m.p. 78-79° <2), by oxidn. with dil. HNO3 see (2); or from 
l-bromo-4-ehloronaphthalene [Beil. V-548, V2-(448)] by eonv. to RMgBr and earbonation 
see (2).] 

C does not react either with cone. NH4OH at 200° or with (NH4)2C03 at 220° (1). 
Salts. The alk. salts of C are eas. sol. aq.; the calcium, barium, and silver salts are 
sparingly sol. aq.; the iron, lead, and copper salts are insol. aq. (1). 

Methyl 4-chloro-l-naphthoate: unreported. 

Ethyl 4-chloro-l^naphthoate : unreported. 

4-Chloro-l-naphthonitrile: long white ndls. from AcOH, m.p. 110° (1). 

® j)-Bromophenacyl 4-chloro-l-naphthoate: m.p. 130.5-131° (2). 

3:4936 (1) Friedlander, Weisberg, Ber. 28 , 1840, 1842-1843 (1895). (2) Horn, Warren, /. 
Chem. Soc. 1946 , 144. 


3:4937 2,3,4,6,6-PENTACHLOROTOLUENE 

(i?so-Pentachlorotoluene ) 


224.5-235.5° 

(1) B.P. 301° (6) 

224-224.5° 

(2) 

224° 

(3) 

218° 

(4) (5) (6) (7) 

217.5° u.c. 

(8) 



C 7 H 3 CI 5 


Beil. V - 303 
Vi-(153) 
V2-(234) 


White ndls. from CsHg or pet. eth. — Spar. sol. hot ale. or ether; spar. sol. cold CS2 
but eas. sol. hot CS2; sol. at 17° in 22 vols. or at 87° in 3.4 vols. toluene (8). — Sublimes 
readily. — Closely resembles hexachlorobenzene (3:4939), and the m.p. of mixtures of 
the two are but very slightly depressed (7) (8); furthermore, soly. of C in CeHe at 4 different 
temps, is aim. identical with that of hexachlorobenzene (9). 

[For studies on dielectric characteristics of C see (9) (10) (11) (12).] 

[For prepn. of C from toluene (1 , 7405) with SO2CI2 + AICI3 + S2CI2 at 100° for ^ hr. 
as directed (72% yield (8)), or by electrolysis in AcOH/ cone, HCl in dark (7), or with CI2 
in pres, of I2 followed by further chlorination in pres, of SbCls of the fraction boiling above 
240° (6) see indie, refs.; for formn. of C from isopropylbenzene (cumene) (1:7440) with 
CI2 in pres, of I2 + Fe at 0°, or from p-cymene (1 : 7505) with CI2 in pres, of I2 + Fe (1), or 
from 2-chlorotolueriesulfonyl chloride-4 with CI2 in pres, of SbCls at 65-70° (4), or from 
2,3,4-trichlorotoluene (3:0425) or 2,4,5-trichlorotoluene (3:2100) with SO2CI2 + AlCls -|- 
S2CI2 (8), or from 2,3,4-trichlorobenzal (di)chloride on stdg. (5) see indie, refs.) 

[C on further treatment with SO2CI2 + AICI3 + S2CI2 gives (8) a prod. m.p. 272-274°. 
— C on fusion and treatment with CI2 at 210-230° as directed (13) gives 70-80% ^deld 
pentachlorobenzal (di)chloride (3:3590) b.p. 199° cor. at 13 mm. (13). 

[C on partial hydrolysis with caustic alk. at 130-140° under press, yields (14) tetrachloro- 
cresol.) 

C is unaffected by boilg. fumg. HNO3 (6). but C on oxidn. with 14.2 wt. pts. cone. HNO3 
(D = 1.42) in pres, of 0.1 pt. Hg by boilg. for 150 hrs. (8) yields pentachlorobenzoic acid 
(3:4910), m.p. 199.5° (8). 
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3:4937 (1) Qvist, Holmberg, Acta Acad. Ahoensia Math, et Phya. 6 , No. 14, 3-28 (1932); Cent. 
1933, II 2816; C.A. 37, 5726-5727 (1933). (2) Qvist Salo, Acta Acad. Ahoenata Math, et Phya. 
8, No. 4, 30 pp. (1934); Cent. 1936, I 540. (3) White, Briggs, Morgan, J. Am. Chem. Soc. 63, 

23 (1940). (4) Davies, J. Chem. Soc. 119, 871 (1921). (5) Riess, Berndt, Hitschmann, Monatah. 

*50, 334 (1928). (6) Bcilstein, Kuhlberg, Ann. 150, 298-299 (1869). (7) Fichter, Glantzstein, 

Ber. 49, 2485-2486 (1916). (8) Silheirad, J. Chem. Soc. 137, 2682-2684 (1925). (9) Smyth, 

Lewis, J. Am. Chem. Soc. 63, 949-952 (1940). (10) Smyth, Lewis, J. Am. Chem. Soc. 63, 721- 
727 (1940). 

(11) K. S. Cole, R. H. Cole, J. Chem. Phya. 9, 348 (1941). (12) Morgan, Yager, Ind. Eng. 

Chem. 33, 1526 (1940). (13) Lock, Ber. 66, 1533 (1933). (14) I.G., French 724,779, May 2, 

1932. 


3:4939 HEXACHLOROBENZENE 



CeCle Beil. V - 205 
Vi.(113) 
V2-(157) 


328.6-229.8° 

(1) B.P. 326° 

(13) 

229.5° cor. 

(2) 322.2° 

cor. (4) 

228° 

(3) 309° 

at 742 mm. (15) 

227.6° cor. 

(4) 309-310° 

at 720-727 mm. (16) 

227° 

(5) (6) (7) 


226-227.5° cor. 

(51) 


226-227° 

(8) 


226° 

(9) (10) (11) 

(12) (13) 


224° 

(14) 



(Note that C is not the same as benzenehexaelJoride, q.v.) 

Long thin colorless pr. from CCI4 or from CeHe + EtOH. — Insol. aq.; insol. cold but 
si. sol. hot ale., sol. in hot Celle (cf. (10)) or CHCI3; at 16.5° 100 ml. CS2 dis. 2.0 g. C; spar, 
sol. cold CCI4 or pet. ether; for soly. in p-cymone at various temps, see (17); insol. liq. 
SGz or liq. NH3. — Sublimes w ithout melting in long needles even at ord. temp. 

[For studies of cryst. structure of C see (18) (19). r— For study of toxicity see (20). — 
For employment in formg. solid solns. of I2 for use in pharmacy see (21). — For use as 
seed disinfectant see (22). — Mol. f.p. lowering = 207.5. — C resists Carius anal., but 
for detn. of chlorine in C by combusion in hydrogen see (23).] 

[For prepn. of C from phthalic anhydride (1:0725) with CI2 at 170-265° in pres, of FeCls 
(79% yield) see (51).] 

[For prepn. of C from tetrachIorobenzoquinone-1,4 (chloranil) (3:4978) with equal 
wd;. each of PCU and PCI3 by htg. in s.t. at 200° for 4 hrs. (95% yield) see (24); from p- 
dichlorobenzcne (3:0980) with 20 pts. CISO3H + 100 pts. NaCl htd. 10 hrs. at 210-220° 
(50% yield (5)) or treated with SO2CI2 + AICI3 + S2CI2 (25) see indie, refs.; from the 
mother liquor from prepn. of p-dichlorobenzene on further treatment with Clo (94-95% 
yield) see (14); from 1,2,4,5-tetrachlorobenzene (3:4115) with CISO3H (4 pts.) refluxed 
for 1 hr. (78% yield (26)) or with SO2CI2 + AICI3 + S2CI2 warmed for 8 hrs. (70% yield 
(12)) see indie, refs.] 

[For formn. of C from a very large number of miscellaneous sources and reactions see 
Beil. refs, given in heading and also the following: from CCI4 (3:5100) 4- through hot 
tube at 600-650° (9) or with F2 as directed (27); from CHCI3 (3:5050) during explosion 
with Na (28); from dodecachlorohexane on htg. (29); from trichloroethylene (3:5170) + 
AlCls 4- HCl gas at 50° (30) or as by-product of htg. at 180-210° under press, in glass, 
porcelain, or enameled vessels (31); from CeHe 4- CI2 under press. (32); from nitrobenzene 
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-f CI2 + anhyd. FeCla at 125° (33), cf. (34); from various addn. prods, of chlorine with 
trichloro- (35), tetrachloro- (36), or pentachloro- (37) benzenes usually by means of MeOH/ 
NaOH, from 2,3,5,6-tetrachloro-Ar-nitroaniline, 2,3,5,6-tetrachloro-Ar-nitroacetaniIide, or 
2,3,6,6-tetrachloro-4~nitro-A/^-nitroaniIine in boilg. AcOH + cone. HCl (8), from tetra- 
chlorophthalyl s^m-dichlonde or from pcntachloiobcnzoyl chlorid(3 on distn. (38).] 

C with H2 over Ni at 270° gives (30) CeHe, chlorobenzene, dichlorobenzene, trichloro- 
benzene, etc. — C in boilg. ale. with large excess of Na is completely dehalogenated (40). 

C is unattacked by ICl in s.t. at 300° (41) and does not react with MeMgl or with MeMgBr 
in ether even on long boilg. (42). 

|C with liq. CI2 in s.t. in sunlight yields (37) by addn. both decachlorocyclohexane, 
m.p. 92°, and dodecachlorocyclohexane, m.p. m sealed cap. tube 285°. — C with F2 in 
CCI4 soln. at 0° yields (43) small amts, of both hexachloroti'trafluorocyclohexenc, C6CI6F4, 
m.p. 113-114°, and hexachlorohexalluorocyclohcxane, m.p. 94-96°. — C in vapor 

phase with F2 m pres, of Cu gives a mixt. of 12 individual jirods. (44).] 

C with aq. NaOH at 135-138° and 11-12 atm. for 3-4 hrs. (14) or with excess 5-15% 
soln. of NaOH in MeOH at 135° under pri'ss. (45) or C with NaOH in EtOH in s.t. at 150- 
160° (47) or in dry glycerol at 250-280° (47) gives (80% yield (14)) sodium salt of penta- 
chlorophenol (3.4850). — 0 with MeOH/NaOH in ethyl methyl ketone soln. at b.p. for 
H hr. gives (43% yield (46)) methyl pentachlorophtinyl ether, ndls. from ale., m.p. 108- 
109°. (For studies of kinetics of reactn. of C with MeOH/ NaOH in s.t. at 151° (2), at 
176° (48), at 180° (48), at 183° (49) see indic. refs.; of C with EtOH/NaOH or with NaOEt 
soln. at 175° see (2).] 

C on boilg. with mixt. of fuing. HNO^ -f cone. H2SO4 gives (50) tetrachlorobenzoquinone- 

I, 4 (chloraml) (3:4978). 

3:4939 (1) Dadieu, Pongratz, Kohlrauach, Monatah. 61, 434 (1932). (2) Clark, Crozior, Trans. 
Roy. Canada (3) 19, III, 153-154 (1925); Cent 1926, II 20, C.A. 20, 388 (1920). (3) Poliak, 

Gebauer-Fulliicgg, Blimienstock, Monahh. 46, 514 (1925). (4) Beilstein, Kuhlberg, Ann 160, 

309-310 (1869). (5) Gebauer-Pullnogg, Figdor, MonaUh 48, 637 (1927). (6) Poliak, Gebauer- 

FiiUnegg, Monatsh. 47, 552-553 (1920). (7) Fcls, Z. KrtU 32, 367 (1900) (8) Peters, Rowe, 

Stead, J Chem. Soc. 1943, 372 -373. (9) Schwarz, Pflugiimrher, J. prakt. Chem. (2) 168, 2-4 

(1941). (10) Smyth, Lewis, Am. Chem, Soc. 62, 950 (1940). 

(11) van der Linden, Rec. trav. chim. 67, 415 (1938). (12) Silberrad, J. Chem. Soc. 121, 1021 

(1922). (13) Jungfleisch, Ann. chim (4) 16, 287-291 (1808). (14) Troitskii, Voronina, Org. 

Chem. hid. iU.S.S R.) 7, 240-241 (1940), C A, 36, 3989 (1941). (15) Krafft, Der 9, 1087 (1876). 

(16) Ruoff, Der. 9, 1486 (1876). (17) Wheeler, J Am. Chem. Soc. 42, 1844 (1920). (18) Lons- 
dale, Proc. Roy. Soc. London, A-133, 536-552 (1931). (19) Plummer, Phil. Mag. (6) 60, 1214- 

1220 (1925). ( 20 ) Cameron, Thomas, et ah, ./. Path. Pact. 44, 281-296 (1937). 

(21) " Chemia ” Ungarische Chem. Ind. & von Dalmady, Ger. 389,778, Feb. 7, 1924; Austrian 
96,732, Jan. 25, 1924; Cent. 1924, I 2801. (22) I.G., French 701,032, March 10, 1931; Cent. 

1931, II 618. (23) ter Meuleii, Ileslinga, Rec. trav. chim, 42, 1095 (1923). (24) Grael)e, Ann. 

263, 30 (1891). (25) Roberts Co. & Silberrad, Brit. 193,200, March 15, 1923, Cent. 1926, I 904. 

(26) Huntress, Carten, J Am. Chem Soc 62, 513 (1940) (27) Simons, Bond, McArthur, J. 

Am. Chem. Soc. 62, 3478 (1940). (28) Davis, McLean, J. Am Chem. Soc. 60, 720-722 (1938). 

(29) van der Linden, Rec. trav. chim. 67, 415-416 (1938). (30) Muller, TIoim, J . prakt. Chem. 

(2) 133, 289-290 (1932). 

(31) Consortium fur Elcktrochem. Ind., French 814,423, June 23, 1937; Cent. 1937, II 3953. 
(32) I.G., French 837,741. Feb 20, 1939; Cent. 1939, II 228. (33) Fierz-David, Stahelin, Helv. 

Chim. Acta 20, 1468-1461 (1937). (34) van der Linden, Rec. trav. chim. 67, 342-344 (1938). 

(35) van der Linden, Rec. trav. chim. 66, 317-320 (1936). (36) van dei Linden, Rec. trav. chim. 

66, 421-430 (1936). (37) van der Linden, Rec. trav. chim. 66, 569-573 (1936). (38) Kirpal, 

Kunze, Ber. 62, 2104-2105 (1929). (39) Mailhe, Cent. 1921, III 467. (40) Stepanov, J. Ruaa. 

Phys.-Chem. Soc. 37, 15 (1906); Cent. 1906, I 1273. 

(41) KraJBFt, Merz, Ber. 8, 1303 (1875). (42) Durand, Hsun, Compt. rend. 191, 1460 (1930). 

(43) Bigelow, Pearson, J. Am. Chem. Soc. 66, 2773-2774 (1934). (44) Fukuhara, Bigelow, 

J. Am. Chem. Soc. 60, 427-429 (1938). (45) Smith, Litvak (to Dow Chem. Co.), U.S. 2,107,650, 
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Feb. 8, 1938; Cent. 1938 , I 3821; C.A. 32 . 2648 (1938). (46) van der Linden, Rec, trav. chim. 57 . 
787-788 (1938). (47) Weber, Wolff, Ber. 18 . 335-337 (1886). (48) Holleman, Rec. trav. chim. 

39 . 749 (1920). (49) de Crauw, Rec. trav. chim. 60 . 787 (1931). (60) Istrati, Butt. aoc. chim, 

(3) 3 , 184-186 (1890), 

(61) Dvornikoff, J. Am. Chem. Soc. 68, 142 (1946); Dvornikofif (to Monsanto Chem. Co.), 
U.S. 2,028,383, Jan. 21, 1936; C.A. 30 , 1394 (1930). 

3:4940 ^-CHLOROBENZOIC ACID C7H6O2CI BeU. K - 340 




Cl<(^ ^COOH 

IXi-(140) 

[245° 

(160)] 

M.P. 338-339° 

(23) (70) 

243° 

(1) (2) (3) (4) (64) {Cantd.) 238° 

(24) 

243° in s.t. 

<5) 

237° 

(66) (133) 

242.5-243.5' 

= <6)(7) 

236-237° 

(25) (126) 

241.7° 

{8) 

236.5° 

(67) 

241.5° 

<9) (10) 

236° 

(26) (27) (28) (29) 

241° 

(11) (12) 


(51) (54) (61) (72) 

240-241° 

(13) 


(77) (86) (156) 

240° 

(14) (15) (16) (17) 335.6-336“ 

(30) 


(18) (38) (40) 

235-236° 

(55) 

239.7° 

(19) 

235.5° 

(31) (53) 

239° cor. 

(20) 

235° 

(32) (33) (34) (36) 

239° 

(21) (22) 

234-235° 

(56) (71) 



234° 

(50) 



233-234° 

(69) 


Cryst. from aJc. — C is almost insol. in cold aq.; e.g., 100 ml. satd. aq. soln. at 25® conts. 
0.0068 g. C (33); note that C is thus much less sol in aq. than w-chlorobcnzoic acid (3:4392) 
and far less sol. than o-chlorobenzoic acid (3:4150). — At 14-16® 100 ml. satd. soln. of 
C in acetone conts. 2.6 g. C, in EtOAc 1.6 g. C, in 75% AcOH 0.3 g. C, in CCI4 0.04 g. C, 
in Cfllle 0.017 g. C, in CS2 0.16 g. C (22). — [For study of soly. of C in acetone (8), CeHe 
(8) (9), heptane (9) see indie, refs.} 

[For study of distribution at 25° of C between aq. + toluene or aq. + CHCI3 see (35); 
for adsorption of C on charcoal from its solns. in acetone or CeHe see (8); for soly. of C in 
aq. solns. of various salts (including NaA) see (J13).J 

C can be sublimed in vac. (19). — C is but very slightly volatile with steam (for details 
see (10)). — [F’or crystallographic data see (.36) (37).] 

Binary systems contg. C. [For f.p./compn. data on system C + aq. see (38). — For 
f.p./compn. data and diagrams of system C + BzOH (1 :0715), eutectic, m.p. 116®, contg. 
about 10 wt. % O, see (22) (16); for f.p./compn. data on systems C -f p-toluic acid (1 :0795) 
(11), C + p-hydroxybenzoic acid (1*0840) (11), or C + p-methoxybcnzoic acid (anisic 
acid) (1 :0805) (15) see indie, refs.l 

[For f.p./compn. data and diagrams on systems C + o-chlorobenzoic acid (3:4150), 
eutectic, m.p. 132°, contg. abt. 14 mole % C, see (22) (39); on system C -f w-chlorobenzoic 
acid (3:4392), eutectic, m.p. 140.9°, contg. 20 mole % C (22) (39) (40), see indie, refs.] 
[For f.p./compn. data and diagrams on systems C + m-bromobenzoic acid (16), C + 
p-bromobenzoic acid (16), C + p-mtrobenzoic acid (41), C -f yi-iodobenzoic acid (42) 
see indie, refs.] 

Ternary systems contg. C. [For influence of addn. of C to the eutectic mixt. of o- 
chlorobenzoic acid (3:4160) with w-chlorobenzoic acid (3:4392) see (43); for data on 
ternary system of all three chlorobenzoic acids, eutectic m.p. 104.9°, contg. 48.3 mole % 
ortho + 44.0 mole % meta + 7.7 mole % para isomers, see (39).] 
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Miscellaneous. [For study of fate of C in animal organism see (44) (45) (46) (47); note 
that conjugation with glycine to yield the expected A^-(p-chlorobenzoyl)glycine (p-chloro- 
hippuric acid) [Beil. IX-341], m.p. 143° (45), does occur. — For study of toxicology of C 
see (46) (48). — Note that sodium salt of C (see also below) is widely used under name 
“ Mikrobin ** as preservative. — For use of C as vulcanization regulator see (49).l 
Preparation. [For prepn. of C from p-chlorotoluenc (3:8287) by oxidn. with boilg. 
5% aq. KMn04 (60% yield (51)) (22) (50) (52) (53) (133), with MnOg -f H2SO4 (100% 
yield (51)), with CrOa (54), with dil. HNO3 in s.t. at 140-145° for hr. (55) or at 115- 
120° for 5-6 hrs. (56) see indie, refs.; from p-chlorotoluene (3:8287) by oxidn. with air in 
the pres, of various catalysts (57), or at 235-240° and 50-60 atm. press, in pres, of FeO.OH 
(58), or in aq. alk. at 260° under press. (59) see indie, refs.; for formn. of C from p-chloro- 
toluene (3 : 8287) by electrolytic oxidn. (2) (60), by action of NOCl (30), or by long exposure 
to I2 + aq. in light (28) see indie, refs.] 

[For prepn. of C. from ;>chloroacetophenone (3:6735) by oxidn. with alk. KMn04 (61), 
with Cr03/Ac0H/H2S04 (95% yield (7)), with CI2 H- NaOH(NaOCl) in aq. MeOH (93% 
yield (62)), by liquid phase cat. oxidn. with air in pres, of Mn02 (91% yield (6)) see indie, 
refs.; for formn. of C from p-chloroacetophenonc (3:6735) with NOCl see (63).] 

[For formn. of C from 4-chloro-isopropylbenzenc (p-chlorocumene) (3 : 8705) by oxidn. 
with HNO3 (64) (23), from 2,4'«-dichlorobiphenyl (3:0670) (65) or from 4,4'-dichloro- 
biphenyl (3:4300) (66) by oxidn. with CrOs/AcOH, from benzal-4-chloroacetophenone 
(24) by oxidn. with KMn04 in pyridine (90% yield (24)) see indie, refs.] 

(For formn, of C from p-chlorobcnzaldehyde (3:0765) by oxidn. with KMn04 (67) 
(68) (69) (70) or CrOs (67) or even slowly by air sec indie, refs.; from /j-clilorobenzalde- 
hyde copper during recrystn. (presumably as a result of oxidn. by air) see (31).] 

[For prepn. of C from ;>-chlorobonzonitrile [Beil. IX-.341, IX 1- (140)] by hydrolysis with 
75% H2SO4 (71), from p-clilorobenzoyl chloride (3:6550) by hydrolysis with aq., from 
p-chlorobenzotrichloride (3:6825) by hydrolysis, e.g., with aq. in s.t. at 200° (72) or with 
aq. alk., alk. carbonates, or alk.-earth carbonates (73) (note also formn. of C as by-prod, 
of prepn. of o-chlorobenzaldehyde from o-chlorotoluene presumably due to hydrolysis of 
some p-chlorobenzotrichloride (81)), from p-chlorobenzal (cJi)chloride (3:6700) with 
OOs (74) or on boilg. with aq. for 20 hrs. followed by oxidn. with KMn04 (85% yield (17)) ; 
from a mixt. of p-clilorobenzotrichloride + p-chlorobenzal (di)chloride by hydrol. with 
70% H2SO4 or 80% AcOH or 5% NaOH at 90-100° in stream of air to effect immediate 
oxidn. (75) see indie, refs.] 

(For prepn. of C from 2-(p-chlorobenzoyl)benzoic acid [Beil. X-750, Xi-(356)] by hydro- 
lytic cleavage with aq. + CaO under pre&s. at 325° (93% yield (7)}, or from p-chlorobromo- 
benzene via conversion to p-chlorophenyl lithium bromide (76) or to p-chlorophenyl 
magnesium bromide (77) and subsequent carbonation (90% yield (76)) or from chloro- 
benzene (3 : 7903) with AICI3 -f- CO2 at 100° and 60 atm. press. (82) see indie, refs.] 

[For formn. of C from benzoic acid (1:0715) with alk. NaOCl (20) cf. (78) or Ca(OCl)2 
(79) cf. (25), or from 4-chlorophthalic acid (3:4390) by cat. monodecarboxylation (80), 
see indie, refs.] 

[For formn. of C from di-(p-chlorobenzoyl) peroxide by htg. (2) (3), from p-aminobenzoic 
acid via diazotization and use of CU2CI2 reaction (82% yield (83)), from p,p'-diazoamino- 
benzoic acid (diazoaminobenzene-4,4'-dicarboxylic acid) [Beil. X VI-728] with cone. HCl 
(84), from p-chloroisonitrosoacetophenone with warm AC2O (21), from p-chlorophenacyl 
bromide by conv. to quaternary salt with quinoline and treatment with aq. NaOH (18), 
from p-borobenzoic acid with hot aq. CuCU (26), from di-(p-chlorobenzojd) butane on 
pyrolysis at 255-265° for 24 hrs. (85), from ethyl p-chlorophenyl-azo-carboxylate during 
oxidn. with H2O2 in AcOH (29), from p-hydroxybenzoic acid (1:0840) with PCls followed 
by aq. (86) (87), or from treatment with aq. of the product from p-nitrotoluenc with 



481 


SOLIDS 


3:4040 


SOCI 2 in s.t. at 20Q--220® <88), 7 >-tolucnesuifonyl chloride with SOCI 2 in 8.t. at 230-260® 
<88), or sodium p-toluenesulfonate in chlorobenzene with SOCI 2 in s.t. at 250-260® (89) 
see indie, refs.) 

Chemical behavior. No specific account of reduction of C to benzoic acid appears to 
be on record; note, however, detn. of chlorine in C by use of Na + ale. (90). — C on reduc- 
tion with formic acid at 250-260® in pres, of Ti02 gives p-chlorobenzaldehyde (3:0765) 
(89% yield on C consumed, or 41% on C used (91)). — C on electrolytic reduction in ale./ 
H 2 SO 4 gives (92) p-chlorobenzyl alcohol [Beil. VI-444, VIi-(222)], m.p. 73®, b.p. 234® (92); 
note proximity of m.p. of this prod, to that (72®) of corresp. prod. obtd. by similar reduction 
of o-chlorobenzoic acid (3:4150). — For study of reduction of C with H 2 + Ni in aq. alk. 
at ord. temp, see (93). 

[C on electrolytic oxidn. in ACOH/H 2 SO 4 gives (2) 4-chloro-2-hydroxybenzoic acid 
(4-chlorosalicylic acid ) (3 : 4908 ) .] 

C behaves normally as a monobasic acid; e.g., C on titration with standard dil. aq. alk. 
gives Neut. Eq. 156.5; ionization constant at 25® is 0.93 X 10“^ (94), 0.78 X 10"^ (96), 
1.04 X 10"^ (96) cf. (97) (12). — [For study of acid strength of C in various alcohols see 
(98) (99) (1(X)) (13) (101) (27). — For soly. of C in aq. solns. of various salts (including 
NaA) see (33). — For sepn. of C from o-chlorobenzoic acid (3:4150) by use of difference 
in acid strength see (102).] 

Salts of inorganic bases. NH4A (103). — Hydroxylamine salt; m.p. 130® (104). — 
NaA: widely used as food preservative under name “ Mikrobin "; for prepn. from C + 
Na phenolate see (105); for study of influence on enzymes see (106) (107); for study of 
use as preservative see (108); for studies of detection and/or detn. in foods see (109) ( 110 ) 
(111) (112) (113) (114); forms liquid cryst. on fusion (115). 

AgA, sol. in hot aq. (50) (1 1. satd. aq. soln. at 20® conts. 1.08 g. (118)). (Note that 
this salt (1 mole) with I 2 (2 equivalents) in dry CeHe refluxed 15-18 hrs. yields (116) 
phenyl p-chlorobenzoate, m.p. 100® -h CO 2 + Agl, and that analogous behavior is shown 
to lesser degree by corresp. salt of m-chlorobenzoic acid (3:4392) but not by corresp. salt 
of o-chlorobenzoic acid (3:4150).) 

CaA2.3H20 (25), 1 1. satd. aq. soln. at 20® conts. 7.37 g. (118). — BaA2.3HH20 (66); 
BaA2-4H20 (34); BaA2.H20 (118); 1 1. satd. aq. soln. of latter at 20® conts. 1.09 g. 
BaA2.H20 (118) (for use of Ba salt in sepn. of the three isomeric chlorobenzoic acids see 
(43)). — CdA2.2H20 (117); 1 1. satd. aq. soln. at 20® conts. 7.79 g. (118). — For similar 
data on salts of C with other heavy metals see (118) (119). — For study of various metal 
ions as precipitants for C see (120). 

Salts of organic bases. C with equiv. amt. benzylamine in boilg. EtOAc followed by 
evapn. of solvent yields (121) benzylammonium p-chlorobenzoate, m.p. 157.4-158.4® u.c., 
160.3-161.3® cor., Neut. Eq. 263.6. — C similarly treated with o-phenylethylamine yields 
(121) o-phcnylethylammonium p-chlorobenzoate, m.p. 150.0-151.0® u.c., 152.2-153.2® 
cor., Neut. Eq. 277.6. 

C (1 mole) in ale. mixed with codeine (1 mole), m.p. 165®, htd. several minutes, solvent 
evapd. and resultant sirup recrystd. from aq., yields (122) codeine p-chlorobenzoate, 
C 18 H 21 O 8 N.C, m.p. 162® on “ Maquenne block”; note that this value although close to 
that (166°) of codeine p-bromobenzoate is widely different from and higher than those 
for the corresp. salts of either o-chlorobenzoic acid (3:4160) or m-chlorobenzoic acid 
(3:4392) which are 134® and 96® respectively. — C (1 mole) in ale. (or CHCls) with 
strychnine (1 mole) in ale., boiled for a few minutes, then cooled, yields (123) strychnine 
p-chlorobenzoate, C 2 iH 22 C) 2 N 2 .C, m.p. 251® on “ Maquenne block ”; note that the m.p. 
of this salt is far higher than the corresp. products from similar treatment of either the 
o- or m- isomers, which are 170® and 185®, respectively. 

C with alcohols gives by conventional processes the corresp. esters: for details on methyl 
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p-chlorobenzoate (3:0636) or on ethyl p-chlorobenzoate (3:6750) see these compds. — 
[For study of rate of esterification of C with MeOH (124) (125) (126), with EtOH (126) 
( 1 ) (127), with cyclohexanol (128) see indie, refs.] 

C with oxalyl (di)chloride (3:5060) refluxed in CeHe (129), or NaA htd. with p-chloro- 
benzoyl chloride (3:6550) (130) gives (50% yield (130)) p-chlorobenzoic acid anhydride, 
ndls. from dil. acetone or CeHe, m.p. 193-194** (129) (131), 194.8° (130), 191.6° (132); note 
that this prod, may also form in various other reactions involving C, especially in pres, 
of tertiary bases or Na 2 C 03 cf. (131) (132). 

C with PCU (133) (50) (45) (132), with SOCI2 (K^) (135) (136), with SOCI2 + AICI3 
(137), or with ?Mjhlorobenzotrichloride (3:6825) + ZnCl 2 (138) gives yxililorobenzoyl 
chloride (3:6550). 

[C with chlorobenzene (3:7903) + AICI 3 refluxed 5H brs. gives (98% yield (7)) a mixt. 
consisting mainly of 4,4'-dichlorobcnzophenone (3:4270) accompanied by a small propor- 
tion of 2, 4'-dichlorobenzophenone (3:1565).] 

[C with KCN -f CuCN in aq. ale. htd. in s.t. at elevated temp. (139) or C (as KA) 
with aq. KCN + CuCN refluxed 8-10 hrs. under H 2 in quartz flask exposed to ultra-violet 
light (140) gives (70% yield (140)) terephthalic acid (1:0910).] 

Substitution of nucleus of C. C on mononitration, c.g., with HNO 3 (D = 1.6) on warm- 
ing until soln. occurs (141), or with 10 wt. pts. HNO 3 {D = 1.5) at 55-60° for 10 minutes 
(142), or with 4 vols. HNO 3 (D — 1.5) warmed until soln. occurs (143), followed by pouring 
into aq. gives (yields: 97% (141), 96% (142), 90% (143)) 4-chloro-3-nitrobenzoic acid 
(Befl. IX-402, IXi-(165)], cryst. from hot aq., m.p. 184° (142), 182° cor. (141), 180° (143). — 
[Note that boilg. cone. HNO 3 (D = 1.42) has no action (143) on C, that the crude mono- 
nitration prod, sometimes (143) contains a small amt. of p-chloronitrobenzene, m.p. 82°, 
and that the other passible mononitration isomer, viz., 4-chloro-2-nitrobeiizoic acid [Beil. 
IX-401, IXi-(165)], m.p. 140°, is not formed in appreciable amt. by direct nitration of C.] 

C on dinitration, c.g., with 20 wt. pts. cone. H 2 SO 4 4 3.3 wt. pts. KNO 3 at 140° for 134 
hrs. (144), or with 1234 wt. pts. cone. H 2 SO 4 4- 2.4 wt. pts. fumg. HNO 3 (D — 1.5) at 
136-140° for 2 hrs. (145), then poured into aq., gives (yields: 95% (144), 82% (145)) 4- 
chloro-3,5-dinitrobenzoic acid [Beil. lX-416], pr. from CeHe, m.p. 159° (144) (145). For 
use in detection of C see (161). — [Note that none of the three other isomeric 4-chloro- 
dinitrobenzoic acids has ever been reported.] 

[C on sulfonation with SO3 in fumg. H2SO4 (52) (146) (147) gives 4-chloro-3-sulfo- 
benzoic acid [Beil. XI-387].] 

Methyl ^-chlorobenzoate : m.p. 43° (see 3:0535). 

Ethyl ^-chiorobenzoate: oil, b.p. 238° (see 3:6750). 

(p ^-Nitrobenzyl ^-chlorobenzoate : m.p. 130° (148). [From C (as NaA) with p-nitro- 
benzyl bromide (m.p. 99°) in boilg. ale. (148).] 

® Phenacyl ^-chlorobenzoate : m.p. 89.5° (149), 87.6° (32). [From C as (NaA) with 
phenacyl bromide (m.p. 50°) in boilg. ale. (98% yield (32)). — Note that the m.p. of 
this prod, is only slightly higher than that (85.5°) of the corresp. prod, similarly obtd. 
from o-chlorobenzoic acid (3:4150).] 

^-Chlorophenacyl ^-chlorobenzoate: unreported. 

p-Bromophenacyl ^-chlorobenzoate: m.p. 126° (32). [From C (as NaA.) with p- 
bromophenacyl bromide (m.p. 109°) in boilg. ale. (80% yield (32)).] ^ 

p-Iodophenacyl p-chlorobenzoate: unreported. 

P-Phenylphenacyl ^-chlorobenzoate : m.p. 160° cor. (150). [From C (as NaS.) with 
p-phenylphenacyl bromide (m,p. 126°) in boilg. ale. (150). — Note that m.p. of this 
prod, is only slightly higher than that (154°) of corresp. prod, similarly obtd. from 
m-chlorobenzoic acid (3:4392).] 
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S-Benzylthiuronium ^-chlorobenzoate: unreported. 

(p S-(p>Chlorobenzyl)thiuronium p-chlorobenzoate: cryst. from dioxane, m.p. 173" 
cor. (151). [From C (aa NaA or KA> in aq. with 1 equiv. of S-(p-chlorobenzyl)- 
thiuronium chloride, m.p. 197° (10% m ale.) (151 ).l 

® S-(^-Bromobenzyl)thiiironium ^-chlorobenzoate : m.p. 163° cor. (152). [From C 
(as NaA or KA) in aq. with 1 equiv. of iS-(p-bromobenzyl)thiuronium bromide (m.p. 
213°) in ale. (152). — Note that m.p. of this prod, is only slightly lower than that 
(168° cor.) of the corresp. prod, similarly obtd. from o-chlorobenzoic acid (3:4150).] 

(g) ^-Chlorobenzamide: ndls. from aq. or ether, m.p. 180° (153), 179° (154), 179° (67), 
178.8° cor. (155), 175° (71). [From C by refluxing with AcOH + (NH 4 ) 2 C 03 (yield 
80% (153), 51% (154)), from p-chlorobenzoyl chloride (3:6550) with cone. aq. NH 4 OH 
(50) (155) (67), or from p-chlorobenzonitrile [Beil. IX-341, IXi-(140)] by hydrolysis 
with hot cone. HCl (71).] 

(g ^-Chlorobenzhydrazide : ndls. from hot aq., m.p. 163° (157), 162-163° (156)1 (From 
ethyl p-chlorobcnzoatc (3:6750) with ale. hydrazine hydrate on htg. (yield 87% 
(156)); for use of this prod, as reagt. for identification of aldehydes and ketones see 
(156).] 

N- (/i-chlorobenzoyl ) -N-phenylhydrazine : unreported. 

(g ^-ChlorobenzaniHde: ndls. from <ilc., m.p. 194-195° (158), 194° (50), 193° (159). 
[From p-chlorobcnzoyl chloride (3:6550) wdth aniline (2 moles) (50); also from a- 
(4-chlorobenzophenone oxime) by Beckmann rearr. (159). Note that the m.p. of 
this prod, is almost the same as that (192-193°) of the isomeric benz-p-chloroanilide 
[Beil. XlI-612, XIIi-(306)].] 

^-Chlorobenz-j>-toltiidide : unreported. 

p-Chlorobenz-a-naphthalide: unreported. 

^-Chlorobenz-/^-naphthalide: unreported 
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Soc. China 7, 73-80 (1931). (150) Kelly, Morisam, .7. Am. Chem. Soc. 68, 1502-1503 (1936). 

(151) Dewey, Sperry, .7. Am. Chem. Soc. 61, 3251-3252 (1939). (152) Dewey, Shasky, J. 

Am. Chem. Soc. 63, 3526-3527 (1941). (153) Kao. Ma, J. Chem. Soc. 1931, 443. (154) Kao, 

Ma, -Sci. Repts. Natl Tsing Hua Univ. A-1, 21-22 (1931). (1.55) Remsen, Reed, Am. Chem. J. 

21, 290 (1899). (156) Sluli, Sah, Sci. Repts NaU. Tsing Hua Univ. A-2, 353-357 (1934). (167) 

Kahl, Cent. 1904, II 1493. (158) Bellavita, Gazz. chim. ital. 65, 891 (1935). (159) Wegerhoff, 

Ann. 262, 7-9 (1889). (160) Herz, Wittek, Monatsh. 74, 277 (1941). 

(161) Deshusses, MiU. Lehensm. Hyg. 35, 1-2 (1944); C.A. 39, 3595 (1945). 


OH 

3:4941 TETRACHLOROHYDROQUINONE Cl/\ci C«H 202 Cl 4 


M.P. 336-337° (1) 
336° (2) 

333-336° (3) 
334° (i;:) 

333° (4) 

330-833° <•.) 
330-331° ((i> 
330° (7) <39) 


Beil. VI - 851 
VI, -(417) 
V2-(846) 


[/See also tetrachlorohenzoqxiinone-\jA (chloranil) (3 : 4978).] 


Colorless scales or ndls. from CeHr,; solvated pr. from AcOH losing solvate in air (2) 
(8). — For crystallographic data see (9). — C sublimes with partial decompn. (10); for 
study of sublimation pressure see (11). 

C is insol. aq.; almost insol. CeHe, CCU, CS 2 ; eas. sol. ale., ether; spar. sol. AcOH. 

[For study of ht. of formn. of C see (12); for studies of heat of combustion see (13) (14).] 
[For patent on use of C as vulcanization accelerator see (15).] 


PREPARATION OF C 

From tetracliloroben2oqulnone-l,4. For prepn. of C from chloranil (3:4978) by reduc- 
tion with various reagents see the following. [For use of aq. SO 2 see (10) (16) (note, how- 
ever, that this reduction is so slow that it has been used (18) as a method of sepn. of 2,3,5- 
trichlorobenzoquinone-1,4 (3:4672) from tetrachlorobenzoquinone-1,4 (3 *4978), and also 
that during the process substantial amounts of trichlorohydroquinonesulfonic acid and 
of dichlorohydroquinone disulfonic acid are formed (19)); for use of boilg. cone, HCl (9), 
cone. HBr (9) (40) in AcOH (3), with cono. HI -b red (18) or yellow (20) phosphorus, or 
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with KI or Nal in cold acetone (38) see indie, refs.; for use of H2S (5), SnCl2 4- HCl (9) 

(8) (6), aq. slightly alkaline hydroxylamine (13), ale. hydrazine hydrate (21), with EtOH 
on exposure to direct sunlight (7) (study of quantum efficiency of the photochemical 
reduction (22», or with hydroquinone (1:1590) in ether (39) see indie, refs.) 

[For formn. of C as by-product of use of tetrachlorobenzoquinone-1 ,4 (chloranil) (3:4978) 
in low-temp, dehydrogenations see (23) (24); for formn. of derivatives (ethers) of C as 
by-products of reaction of chloranil (3:4978) with free radicals see (25) (26) cf. (27); for 
formn. of C as by-product of reaction of cliloranil (3:4978) with CeHaMgRr see (31).] 
From 2,3,6-trichlorobenzoquinone-l,4. [For prepn. of C from 2,3,5-trichlorobenzo- 
quinone-1,4 (3:4672) with cone. HCl on protracted boilg. (9) (28), with fumg. HCl in s.t. 
at 120° for 12 hrs. (29), or in AcOH soln. with dry HCl gas (30) see indie, refs.] 

From other sources. [For formn. of C from hydroquinone (1 : 1590) in AcOH with CI2 
(32), or from p-nitroaniline (or certain derivatives) with cone. HCl in s.t. at 180° (2), see 
indie, refs.] 

CHEMICAL BEHAVIOR OF C 

Oxidation of C. C on oxidation, e.g., with aq. ale. AgNOs (10), NH40H/AgN03 (2), 
boilg. cone- HNO3 (2) (20), etc., gives tctrachlorobenzoqumone-l ,4 (chloranil) (3.4978). 

[For studies of oxidn.-reductn. potential of system C -h chloranil see (33) (34) (35) (1) 
(27) (6).] 

[Note also that the quinhydrone to be expected from C with 1 mole of the corresp. 
tetrachlorobenzoquinonc-1,4 (chloranil) (3:4978) is not reported.] 

[Note also that, although C dissolves in aq. KOH without discoloration, the soln. upon 
exposure to air turns brown and on stdg. ppts. (16) di-potassium salt of cliloranilic acid 
(2,6-dichloro-3,6-dihydroxybenzoquinone-l ,4) (3 : 4970) .] 

Other reactions of C. [C with PClf, (2 moles) gives (16) hexachlorobcnzene (3 : 4939). — 
C with 2,3,5-trichlorohydroquinone (3:4052) + a little aq. htd. at 100° for ]/2 lir. under- 
goes a redistribution reaction (28) cf. (36).] 

® Tetrachlorohydroquinone dimethyl ether: m.p. 164° (37), 160° (5). [From C by 
action of diazomethane in ether soln. (5).] 

® Tetrachlorohydroquinone diethyl ether: m.p. 112° (16). [From C with EtI (2 moles) 
-h KOH (2 moles) in ale. in s.t. at 130-140° (16).] 

® Tetrachlorohydroqiiinone diacetate: m.p. 245° (16), 244r-246° (7). [From C with 
AcCl (3:7065) (16) or from chloranil (3:4978) with AcCl in s.t. at 160-180° (16).] 

® Tetrachlorohydroquinone dibenzoate: m.p. 233° (9). [From C with BzCl (3:6240) 
(9).] 

3:4941 (1) Hall, Conant, J. Am. Chem. Soc. 49, 3050-3052 (1927). (2) Konig, J. prakt. Chem. 
(2) 70, 32-35 (1904). (3) Koenigs, Greiner, Ber, 64, 1047 (1931). (4) Sutkowski, Ber. 19, 2316 

(1886). (5) Binz, Rath, Ber. 68, 312 (1925). (6) (Sonant, Fieser, J. Am. Chem. Soc. 46, 2207 

2219 (1923). (7) Klinger, Ann. 382, 221 (1911). (8) Bouveault, Ann. chim. (8) 13, 144 (1908). 

(9) Levy, Schultz, Ann. 210, 154-156 (1891). (10) Stiideler, Ann. 69, 327-329 (1849). 

( 11 ) A. S. Coolidge, M. S. Coolidgc, J. Am. Chem. Soc. 49, 100-104 (1927). (12) SjOstrom, 
Svenak Kern. Tid. 48, 121-124 (1936), Cent. 1937, 1 58; C.A. 30, 6634 (1936). (13) Valeur, Ann. 

chim. (7) 21, 501-507 (1900). (14) Swietoslawski, Starezewska, J. chim. phya. 22, 399-401 
(1925). (15) Fisher (to Naugatuck Chem. Co.), French 740,978, Fob. 3, 1933; Cent. 1933, I 

3134; C.A. 27, 2845 (1933). (16) Graebe, Ann. 146, 9-12, 18-21 (1868). (17) Bouveault, Compt. 

rend. 129, 55 (1899). (18) Graebe, Ann. 263, 28-30 (1891). (19> Dodgson, J. Chem. Soc. 
1980, 2501-2502. (20) Stenhouse, Ann. Suppl. 6, 213-216 (1868). 

(21) Purgotti, Gazz. chim. ital. 24, 1 581-584 (1894). (22) Leighton, Dresia, J. Am. Chem. Soc. 

62, 3556-3562 (1930). (23) Arnold, Collins, Zenk, J. Am. Chem. Soc. 62, 983-984 (1940). 
(24) Arnold, Collins, J. Am. Chem. Soc. 61, 1407-1408 (1939). (25) Ziegler, Orth. Ber. 66 , 

62&-631 (1932). (26) Clar, John, Ber. 63, 2974-2977 (1930). (27) Conant, Small, Taylor, 
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J. Am. Chem. Soc. 47, 1969-1974 (1925). (28) Graebe, Ann. 263, 21-22 (1891). (29) Andresen, 
J. prakt. Chem. (2) 28, 425- (1883). (30) Niemeyer, Ann. 228, 324 (1885). 

(31) Clar, Engler, Ber. 64, 1600 (1931) (32) Eckert, Endler, J. prakt. Chem. (2) 104, 82 

(1922). (33) Wallenfels, Mohle, Ber. 76, 927, 936 (1943). (34) Kvalnes, J. Am. Chem. Soc. 66 , 

667-670 (1934). (35) Hunter, Kvalnes, J. Am. Chem. Soc. 64, 2869-2881 (1932). (36) Kehr- 

mann, Ber. 31, 979 (1898); 33, 3066-3067 (1900). (37) Ciamician, Silber, Gazz. chim. ital. 22, 
II 60 (1892). (38) Torrey, Hunter, J. Am. Chem. Soc. 34. 714-715 (1912). (39) Siegmund, 

J. prakt Chem. (2) 92, 362 (1915). (40) Sarauw, Ann. 209, 125 (1881). 


3:4942 7-CHLORONAPHTHOIC ACID -1 C 11 H 7 O 2 CI BeU. S.N. 951 

COOH 



M.P. 243° cor. (1) 

238-240° (3) 

235° (3) 

Cryst. from 60% ale. or by Rublimation. — Very sol. ale. or AcOH ; sol. ether, CeHe. 
fFor prepn. of C from 7-aminonaphthoic acid-1 (1) (2) via diazotization and use of 
CU2CI2 reactn. see (1); from 7-chloro-l-(chloromeihyl)naphthalene, m.p. 75° (3), by oxidn. 
with dil. HNO3 sec (3); from 7-chloro-l-bromonaphthalene [Beil. V-648] via conv. to 
RMgBr and carbonation see (3).] 

C with PCIs or SOCI2 yields (1) 7-<jhloro-l-naphthoyl chloride, yel. cryst. from pet. eth., 
m.p. 106° cor. (1). 

(g) Methyl 7-chloro-l-naphthoate : cryst. from 60% McOH, m.p. 54° cor. (1). [From 
C in MeOH with cone. H2SO4 (90% yield (1)).] 

Ethyl 7-chloro-l-naphthoate: unreported. 

(g) ^-Bromophenacyl 7-chloro-l-naphthoate: m.p. 145-146° (3). 

(g) 7-Chloro-l-naphthoamide : colorless ndls. from 50% ale., m.p. 237° cor. (1). [PYom 
the acid chloride (above) with 4 pts. cone. aq. NH4OH at ord. temp, for 2 hrs. (75% 
yield (1)).] 

(g) 7-Chloro-l-naphthoanilide: brownish ndls. from dil. ale., m.p. 185° cor. (1). [From 
the acid chloride (above) with 5 pts. aniline at 100° (80% yield (1)).] 

3:4942 (1) Gold.stein, Fischer, Helv Chtm. Acta 21, 1519-1621 (1938). (2) Harrison, Hoyle, 
J. Chem. Soc. 1926, 87. (3) Horn, Warren, J. Chem. Soc. 1946, 144. 


3:4944 6 -CHLORONAPHTHOIC ACID-1 

M.P. 245° (1) 

244-245° (3) 



Beil. IX -651 

Ki- 


Ndls. which sublime even below m.p. — Eas. sol. ale., spar. sol. CeHe or AcOH. 

[For prepn. of C from a-naphthoic acid (1 :0785) with CI2 in AcOH contg. I2 (some of 
the isomeric 8-chloronaphthoic acid-1 (3:4680) also being formed) see (1); from 5’Chloro- 
1-naphthonitriIe (see below) on hydrolysis with fumg. HCl in s.t. see (1); from 5-ammo- 
naphthoic acid-1 [Beil. XIV-633I via diazotization and use of CU2CI2 reactn. see (1); for 
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formn. (together with other prods.) from a-naphthoic acid (1:0785) via reactn. with 
Hg(OAc)2 followed by treat, with CI2 in AcOH see (3).] 

Salts. CaA2.2H20; sol. in 116 pts. aq. at ord. temp. (1). 

C on soln. in red. fumg. HNO3 gives (2) on cooling 5-chloro-8-nitronaphthoic acid-1 
[Beil. IX-654], ndls. from ale., m.p. 224r-225^ dec. (2) (ethyl ester, m.p, 121® (2)); if the 
soln. of C in red fumg. HNO3 be heated there is also formed (2) some 4-chloro-l,8-dinitro- 
naphthalene [Beil. V-361], pale yel. ndls. from AcOH, m.p. 180® <3), 176° (2). 

Methyl 6-chloro-l-naphthoate : unreported. 

(P Ethyl 6-chloro-l-naphthoate: tbls. from ale., m.p. 42° (1). [I^om AgA with EtI in 
s.t. at 100° (1).] 

6-Chloro-l-naphtbonitrile: ndls. from ale., m.p. 145° (1). [From a-naphthonitrile 

[Beil. IX-649, IXi-(275)] with CI2 in CS2 contg. I2 (1).] 

6-Chloro-l-naphthoamide: Ifts. or ndls. from warm ale., m.p. 239° (1). [From 

5-chloro-l-naphthonitrile (above) on boilg. with ale. KOH for several brs. (1).] 

3:4944 (1) Ekatrand, /. prdkt. Chem. (2) 38, 147-150 (1888). (2) Ref 1, pp 170-171. (3) 

Atterburg, Ber. 9, 928 (1876). (3) Whitmore, Fox, J. Am. Chem. Hoc. 61, 3366-3367 (1929). 

3:4946 TETRACHLOROPHTHALIC ACID Cl C8H204(::i4 Beil. IX - 819 

lXi-(366) 


M.P. See text. 

[See also tetrachlorophihalic anhydride (3:4947).! 

Colorless Ifts., this., or ndls. from aq. invariably contg. H2O, and therefore giving 
in this form Neut. Eq. = 156.5. — This hemihydrate can be recrystd. from anhyd. ether 
without change. — From anhyd. acetone the acid separates in cryst. contg. combined 
solv. lost in stream of dry air at room temp., yielding anhyd. C, Neut. Eq. 152, which 
absorbs aq. from air giving hemihydrate. — C on htg. at 98° or above, or on attempts to 
recryst. from dry Cefle, CHCI3, or higlier-boilg. solvents, or on long drying over P2O6 
in vac., is converted to tetrachlorophthaJic anhydride (3:4947), for this reason the m.p. 
observed for C is always actually that of the corresponding anhydride. — For purification 
of comml. C see (1) (13). 

C is spar. sol. aq., e.g., 100 g. aq. at 14° dis. 0.57 g., at 99° 3.03 g. of hemihydrate (2); 
C is eas. sol. ale. or ether (2); extremely sol. in acetone (1); spar. sol. Celle or CHCI3 (2). — 
C is sol. in hot aq. Na2C03 soln. (dif. from tetrachlorophthalic anhydride (3:4947)). 

[For prepn. of C via hydrolysis of tetrachlorophthalic anhydride (3 : 4947) see that cpd. ; 
other methods include the following: from phthalic anhydride (1 .0725) (3), from phthalyl 
dichloride (3:6900) (4), or phthalic acid (1:0820) (6) with CI2 in pres, of Fe or FeCla see 
indie, refs.; from 2-(trichloroacetyl)-3,4,6,6-tetrachlorobenzoic acid [Beil. X-693], with 
dil. aq. NaOH see (6); from 2-(pentachlorobenzoyl)-3,4,6,6-tetrachlorobenzoic acid [Beil. 
Xi-358], with cone. H2SO4 at 20(1-250° (pentachlorobenzene (3:2290) is also formed) see 
(7); from naphthoquinone-1,2 (1 : 9062), anthraquinone (1:9095), 1,2,3,4,5,6,7-heptachloro- 
anthraquinone [Beil. VIIi-(414)], or 2-(pentachlorobenzoyl)-3,4,5,6-tetrachlorobenzoic 
acid (see above) on boilg. with excess SbClg + a little I2 see (7) (8); from 1,2,3,4,5-penta- 
chloronaphthalene [Beil. V-5461 (9) (10), 1,2,3,4,6,6,8-heptachloronaphthalene [Beil. 
V-647] (11), or octachloronaphthalene (3:4893) (12) by oxidn. with HNO3 in s.t. as directed 
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see indie, refs.; from 2,5,6,7,8-pentachloronaphthoquinone-l,4 (Beil. VII-731] by oxidn. 
with CrOs or HNO3 see (11).] 

(C with Na/Hg in dil. aq. ale. (10) (2) 3rield8 phthalic acid (1:0826), but C in 96% ale. 
with Na/Hg is practically unaffected (1) (2). — C with H2 in pres, of finely divided Ni at 
190® and 20 atm. press, yields (14) 4,5,6,7-tetrachlorophthalide [Beil. XVII-312], m.p. 
208.5® cor. — C with HI -|- P in s.t. at 230® for 6 hrs. yields (2) 4,5,6,7-tetrachlorophthalane 
(Beil. XVII-51], ndls. from toluene, m.p. 218® (2) (insol. in boilg. aq. NaOH), accompanied 
by a little 4,5,6,7-tetrachlorophthalide (above) (sol. in boilg. aq. NaOH).] 

C with CrOs oxidizes much more slowly (2) than phthalic acid (1:0825) and is very 
resistant toward HNO3 (2); for detn. of chlorine in C see (1) (16). 

[C with aq. KOH -j- KCN + CuCN htd. under press, at 180® for 8-10 hrs. gives (60% 
yield (15)) benzenehexacarboxylic acid (mellitic acid) [Beil. IX-1008, IXi-(443)J. — 6 
with HBr + H3PO4 in nitrobenzene in pres, of CuCl2 yields (17) mixts. of bromotrichloro- 
phthalic acids and dibromodichlorophthalic acids. — For actn. of PCls see under tetra- 
chlorophthalic anhydride (3:4947). — C with hydrazine hydrate at 150® gives only (18) 
iV-aminotetrachlorophthalimide, colorless ndls. from AcOH, m.p. 288® dec. (18); earlier 
opinions (19) (20) that this prod, was tetraclilorophthalcyclohydrazide have been shown 
(18) to be erroneous. — C wdth steam passed over cat. at 380-420® loses CO2 presumably 
yielding (21) 2,3,4,5-tctrachlorobenzoic acid [Beil. IX-346], m.p. 186°.] 

[For use of C as softener for animal fibers see (22) (23). — For use of C in prepn. of 
a-borneol (1 : 5990) from turpentine oil (crude pinene) by htg. at 108° for 12 hrs., removal 
of unchanged terpenes by distn. and ale. NaOH sa|>onification of the remaining di-bomyl 
tetrachlorophthalate, white cryst. from ether, m.p. 128-129® (24), sec (24) (25).] 

Salts. K2A, very sol. aq., spar. sol. ale. (2), BaX.23^H20 see (2); CaA, on htg. gives 
octachloroanthraquinone [Beil. VII-789] (17); CUA.2H2O, spar. sol. aq. (2) (earlier report 
(27) that on dry distn. it gives dodecachlorofl'iorane later seriously questioned (28)); 
ZnA, very sol. aq. (more sol. cold aq. than hot aq.) (2); Ag2A, spar. sol. aq. 

® Dimethyl tetrachlorophthalate: cryst. from MeOH, m.p. 92° (2). [From Ag2A with 
Mel (2), from «2/w.-tetrachlorophthalyl (di)chloride with NaOMc (2) or from C in 
10% aq. NaOH (3 moles) on warming with Me2S04 (29); note that C in MeOH satd. 
with HCl gas gives (30) only the half ester, methyl hydrogen tetrachlorophthalate, 
cryst. from CeHe on addn. of Igr., m.p. 142® (30) with elimination of MeOH and 
conversion to tctrachlorophthalic anhydride (3*4947) q.v.] 

® Diethyl tetrachlorophthalate: cryst., m.p. 60-60.5® (2) (31). [From AgjA -f EtI 
(2) or from «i/m.-tetrachlorophtliulyl (di)chloride 4- NaOEt (2); note that unsym.- 
tetrachlorophthalyl (di)chlonde w ith abs. ale. at room temp, gives (31) p^ei/do-diethyl 
tetrachlorophthalate, tbls. from ale., m.p. 126® (19), and that this cpd. on stdg. in 
the reactn. mixt. is partially conv. to the normal ester of m.p. 60.5° (31).] 

® Di-(^-nitrobenzyl) tetrachlorophthalate: ndls. from CeHe, or from aq. ale., m.p. 
180-181® (32), 179-180° (33). [From NajA -f- p-nitrobenzyl bromide on refluxing in 
ale. (32), or from AgzA + p-nitrobenzyl iodide (33).] 

® Di-(^-phenylphenacyl) tetrachlorophthalate: cryst. from acetone, m.p. 193® (34). 
[Prom NazA with p-phenylphenacyl bromide (2 moles) on htg. in ale. (34).] 

3:4946 (1) Delbridge, Am. Chem. J. 41, 393-415 (1909). (2) Graebe, Ann. 238, 318-332 (1887). 
(3) Zal’kind, BeUkova, Simonova, Russ. 39,761, Nov. 30, 1934; Cent. 1935, II 3441; C.A. 39, 
3-443 (1936); Russ. 46,568, April 30, 1936; Cent. 1936, II 2798. (4) Zarkind, Belikova, Russ. 

36,188, March 31, 1934; Cent. 1935, II 1090; C.A. 39, 3443 (1936)* Russ. 46,607, April 30, 1936; 
Cent. 1936, II 2798. (5) Zal’kind, Belikova, J. Applied Chem. (U.S.S.R.) 8, 1210-1213 (1936); 
Cent. 1936, II 3414; C.A. 39, 5203 (1936). (6) Zincke, Gttnther, Ann. 272, 266 (1892). (7) 
Eckert, Steiner, Monatah. 36, 179-186 (1916); Ber. 47, 2628-2630 (1914). (8) Steiner, MomM. 
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86, 827 (1915). (9) Graebe, Ann. 149, 18-20 (1869). (10) Claus, Spruck, Ber. 18, 1402-1403 
(1882), 

(11) Claus, Wonzlik. Ber. 19, 1166-1167 (1886). (12) Shvemberf?or, Gordon, J. Oen. Chem. 

(U.S.S.R.) 9, 921-928 (1932), Cent. 1934, I 215; C.A. 27, 2439 (1933); J. Gen Chem. (U.S.S.R.) 
4, 696-703 (1934); Cent. 1936, II 514; C.A. 29, 2162 (1935). (13) Pratt, Perkins, J. Am. Chem. 
Soc. 40, 203-204 (1918). (14) M.L.B., Gor. 368,414, Feb 5, 1923, Cent. 1923, II 911. (15) 

Feist, Ber. 68, 1941-1943 (1935). (16) Heslinga, Rec. trav. chim. 43, 182 (1924). (17) Bruck 

(to I.G.), Ger. 597,259, May 25, 1934; Cent. 1934, 1688. (18) Drew, Pearman, J. Chem. Soc. 

1937, 27, 32-33. (19) Phelps, Am. Chem. J. 33, 586 (1905). (20) Radulescu, Alexa, Bui. Soc. 

Chim. Romdnia 12, 163 (1930); C.A. 26, 4001 (1931). 

(21) Jaeger (to Selden Co.), U.S. 1,964,516, June 26, 1934; Cent. 1934, II 3047. (22) Schwen, 

Krzikalla (to I.G.), US. 1,887,958, Nov. 15, 1932; French 704,423, May 20, 1931; Cent. 1931, 
II 3286. (23) Dreyfus, French 749,792, July 29, 1933; Cent 1934, I 3154. (24) Haller, Compt. 

rend. 178, 1933-1937 (1924), Cea< 1924, II 642. (25) Haller, U S. 1,415,340, May 9, 1922; Cent. 

1923, IV 946, C.A. 18, 2335 (1922); Brit. 158,533, March 3, 1921; Cent. 1921, IV 422. (26) 

Kircher, Ber. 17, 1170 (1884). (27) Ekely, Mattison, J Am. Chem. Soc 62, 3003-3004 (1930). 

(28) Ekely, J. A7n Chem. Soc. 54, 406 (1932). (29) Graebe, Ann 240, 247 (1905). (30) Meyer, 

Sudborough, Ber. 27, 3148 3149 (1894). 

(31) Kirpal, Junze, Ber. 62, 2105 (1929). (32) Lyons, Ueid, J. Am. Chem. Soc. 39, 1741, 1744 

(1917). (33) Meyer, Jugilewitsch, Ber. 30, 785-786 (1897). (34) Drake, Sweeney, J. Am. Chem. 

Soc. 64, 2059-2061 (1932). 



Colorless pr. or ndls. by sublimation. — Insol. cold aq., but sol. in boilg. aq. because of 
hydrolysis to tetrachlorophthalic acid (3:4946); spar. sol. ether. — C is insol. in Na2C03 
soln. (dif, from tetrachlorophthalic acid (3:4946)). 

(For prepn. of C from tetrachlorophthalic acid (3:4946) by htg. above m.p. (6), by htg. 
8 hrs. at 110® (7), by htg. 120 hrs. at 100® (8) (9), by sublimation, htg. at 98°, by crystn. 
from hot CsHe, CHCI3, AcOH (2), or by protracted drying over P2O5 in vac. (1) cf. (5) 
(10) see indie, refs.; from phthalic anhydride (1 :0725) with CI2 in pres, of Fe salts at 160- 
260° (11), or with CI2 in pres, of SbCls at 200® (10) (12), or with CI2 in pros, of fumg. H2SO4 
(50-60% SO3) and I2 (2) (13) see indie, refs.; from naphthalene (1:7200) with CISO3H in 
s.t. at 180® see (3).] 

(C on reduction with Zn dust + hot AcOH (10) or with H2 + Ni at 190® and 20 atm. 
yields (14) 4,5,6, 7-tetrachlorophthalide [Beil. XVII-4H2], m.p. 208.5° cor.J 

C reacts with monohydric ales, to yield corresp. half esters: e.g., C dislvd. in excess warm 
MeOH, htd. 5-10 min., evapd. yields (15) methyl hydrogen tetrachlorophthalate [Beil. 
IX-820], cryst. from hot CeHe on addn. of Igr., m.p. 139-140° (15), 142° (16), Neut. Eq. 
318; C with abs. EtOH treated as for preceding case gives (15) ethyl hydrogen tetrachloro- 
phthalate, m.p. 93—94° (15), 94—95° (10), Neut. EJq. 332. — [C with ter-butyloxymagnesium 
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bromide in ether + dioxane at 50-55® for 1 hr. gives (54% 3deld (17)) ^er-butyl hydrogen 
tetrachlorophthalate, decomposing at 142®, Neut. Eq. 360; for analogous formn. of ier- 
amyl, triethylcarbinyl, tri-n-propylcarbinyl, tri-n-butylcarbinyl and tri^-amylcarbinyl 
hydrogen tetrachlorophthalates see (17).] — [For rcactn. of C with glycerol and use in 
prepn. of resins of glyptal type sec (3) (18).l 

[C with 1 mole PCls in s.t. 4 hrs. at 220° (19) cf. (10) or C with 1 mole PCI5 + POCI3 
refluxed 72 hrs. (20) gives (90% yield (20)) unsj/m.-tetrachlorophthalyl (dijchloride 
(3,3,4,5,6,7-hexachlorophthalide) [Beil. XVIIi-(484)], cryst. from CeHe with 1 mole solvent, 
ra.p. 118° (10) (20), 118-120° (19), but losing Celle in air to give solvent free cpd., ndls. 
from pet. ether, m.p. 137° (19) (20); this prod, on distn. (19) undergoes partial rearr. to 
5j/m.-tetrachlorophthalyl (di)chlorido, pr. from pet. ether, m.p. 48° (19). — Note that the 
latter s?/m.-phthalyl (di) chloride (which is very soluble in most org. solvents) gradually 
changes even in solid form and very rapidly in solution (particularly in pres, of animal 
charcoal) to the wnsi/m.-tetrachlorophthalyl (di)chloride (which is spar. sol. in most org. 
solvents) (19). — C with SOCI2 + ZnCb at 200-240° yields (21) cf. (22) tetrachloro- 
phthalyl (di)chloride but whether the unsym. or sym. forms or their mixture is not stated. 
— Note also that with abs. EtOPI the unsym. acid chloride yields (19) pseudo diethyl tetra- 
chlorophthalate, this, from ale., m.p. 126° (19), while the sym. acid chloride gives (19) 
sym. diethyl tetrachlorophthalate, m.p. 60.5° (19).] 

[C with 2 moles PCla in s.t. at 200° for 5-6 hrs. yields (10) a prod, (regarded as either 
1,1,3,3,4,5,6,7-octachlorophthalide or 2-(trichloromcthyl)n3,4,5,6-tetrachlorobenzoyl chlo- 
ride), cryst. from ether, m.p. 140° (10), and practically unaffected by warm ale. KOH.] 

[C with arom. hydrocarbons + AICI.3 yields corresp. o-aroyl-tetrachlorobenzoic acids: 
c.g., C with CeHfi 4- AICI3 (23) (24) (25) or C with C'cPIsMgBr (26) gives 2-bcnzoyl-3,4,5,6- 
tetrachlorobenzoic acid [Beil. X-750], ndls. from 80% AcOH or CeHe, m.p. 201° (24), 200® 
(23), 188-189° (26), which on ring closure with 20 pts. cone. H2SO4 at 200° for 5 min. (23) 
gives l,2,3,4-tetrachloroanthraquin()ne [Beil. VII-789], gold-yel. Ifts., m.p. 191° (23). — 
C with toluene + AICI3 gives (yields: 100% (27), 95% (28), 94% (29)) 2-(7>-toluyl)-3,4,5,6- 
tetrachlorobenzoic acid, cryst. from CgPIe, m p. 174.5° cor. (29), 172° (28) (30) (the value 
of 142° (27) may be a misprint for 172°), which on ring closure with 12 pts. H2SO4.H2O 
at 190-200° for 2 min. (27) or with 9 pts. fumg. II2SO4 (2% SO3) at 120-130° for 30 min. 
(28) gives (21% yield (2<S)) 2-methyl-5,6,7,8-tetrachloroanthraquinone, yel. ndls. from 
toluene, m.p. 195-196° (27), or from EtOAc, m.p. 192° (28). — P'or corresp. reactns. of 
C with o-xylene (1:7430), ?n-xylene (1:7420), p-xylene (1:7415), and ethylbenzene 
(1:7410) and use in identif. of these cpds. see (7). — For reactn. of C with a-naphthyl 
MgBr, p-methoxyphenyl MgBr, or p-bromphenyl MgBr yielding coiresp. o-aroyl-tetra- 
chlorobenzoic acids see (26).] 

[C with chlorobenzene (3:7903) -f AICI3 at 140° for 3 hrs. gives (92% yield (31)) 2- 
(p-chlorobenzoyl)-3,4,5,6”tetrachlorohenzoic acid, cryst. from AcOH, m.p. 162-165® (31), 
which with cone. H2SO4 at 140° for 30 min. gives 2,5,6,7,8-pentachloroanthraquinone, yel. 
cryst. from AcOH, m.p. 192° (31). — For corresp. reactns. of C with p-dichlorobenzene 
(3:0980), with 1,2,4-trichlorobenzene (3:6420), or with nitrobenzene see (31).] 

[C with phenols and appropriate condensing agents gives two different types of reactns. 
according to circumstances, viz., formation of corresp. o-hydroxyaroyltetrachlorobenzoic 
acids (cf. above) or of corresp. tetrachlorophthaleins. — E.g., C with 1 mole phenol -h 
AICI3 in acetylene tetrachloride at 125° for 3 hrs. gives (yields: 79% (32), 82% (33)) 2- 
(o-hydroxybenzoyl)-3,4,5,6-tetrachlorobenzoic acid [Beil. Xr(470)], Ifts. from xylene/ 
AcOH, m.p. 216-218° cor. (32), 210° (33), which with boilg. NaOH loses HCl and ring- 
closes to 2,3,4-trichloroxanthonecarboxylic acid-1 [Beil. XVIIIi-(499)], colorless ndls. 
from ale., m.p. 261-264® cor. (32), 262-265° dec. (33). — For corresp. reactns. of C with 
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o-cresol (1:1400) (32) <34), m-crcsol (1:1730) (32), p-cresol (1:1410) (32), o-naphthol 
(1 : 1600) (38), |3-naphthol (1:1540) (32), anisole (1 : 7445) (34) see indie, refs. , with hydro- 
quinone (1:1590) + AICI3 + NaCl at 160-165*^ for IH hre. giving 82% yield 2-(2',5'- 
dihydroxybenzoyl)-3,4,5,6-tetrachlorobenzoic acid, m.p. 231®, or on further htg. in the 
above melt at 210-216® for 1 hr. ring closing to l,4-dihydroxy-5,6^7,8-tetrachloroanthra- 
quinone, red cryst. from xylene, m.p. 247®, see (35). — However, C with 2 moles phenol 
in pres, of fumg. H2SO4 (20% SO3) as directed (8) (36) gives 65% yield phenoltetrachloro- 
phthalein [Beil. XVIII-148, XVIIIi-(375)], m.p. 316-317® dec. (36), accompanied by about 
10% (37) of 3',4',5',6'-tetrachlorofluoran [Beil. XIX-148, XIXi-(676)], colorless pr. from 
C^He, m.p. 298® dec. (33), 290-291® (37) (for sepn. of this by-prod, from the phenoltetra- 
chlorophthalein see (37)). — For condens. of C with o-cresol (1 : 1400) to o-cresoltetrachloro- 
phthalein see (45); with resorcinol (1:1530) to 3',4',5',6'-tetrachlorofluorescein [Beil. 
XIX-227, XIXi-(722)] see (10) (9).] 

[For condens. of C with w-diethylaminophenol see (39); with N-aryl-m-aminophenols 
in prepn. of phthalein dyes see (40); for condens. of C with hydroxyisodibenzanthrone in 
prepn. of vat dyes see (41); for use of C as textile softener see (42).] 

[C with steam passed over cat. at 380-420® loses CO2 presumably yielding (43) 2,3,4, 5- 
tetrachlorobenzoic acid [Beil. IX-346I, m.p. 186°.] 

C on fusion and treatment with NH3 gas (10) (4), or on warming with formamide (2), 
or on fusion with (NH4)2C03 (47) gives (yields: 91% (2), 90% (47)) tetrachlorophthalimide 
[Beil. XXI-505, XXIi-(391)], Ifts. from AcOH, dimethylaniline or nitrobenzene, m.p. 
338-339® cor. (2), 336-337® (47); for reactn. of this prod, with KOMe forming K tetra- 
chlorophthalimide and use of latter in identification of alkyl halides, etc., see (47). — [For 
reactn. of C with hydrazine hydi*ate in dil. ale. yielding iV-aminotetrachlorophthalimide, 
ndls. from AcOH, m.p. 288® dec., see (48); for reactn. of C with hydroxylamine in aq. and 
in MeOH see (49). — C in boilg. AcOH treated with aniline yields (2) cf. (50) N-phenyl- 
tetrachlorophthalimide (tetrachlorophthalanil) [Beil. XXI-605, XXIi-(391)], m.p. 274- 
275® cor. (2). — For reactn. of C with o-phenylenediamine see (6).] 

C on warming with aq., or with aq. alk. followed by acidification, yields tetrachloro- 
phthalic acid (3:4946) q.v. [For use of differential hydrolysis of C in sepn. from 3,4- 
dichlorophthalic anhydride (3:3695), 3,6-dichlorophthalic anhydride (3:4860), or 4,5- 
dichlorophthalic anhydride (3 : 4830) see under these cpds.] 


8:4947 (1) Delbridge, Am. Chem. J. 4l, 400, 402, 406, 408-409, 415-416 (1909). (2) Pratt, 
Perkins, J. Am. Chem. Soc. 40, 204-214 (1918). (3) Walter, Monatsh. 64, 287-288 (1934). 

(4) Pfeiffer, Ber. 55, 421-425 (1922). (5) Graebe, Ann. 149, 18-20 (1869). (6) Bistryzyeki, 
Lecco, Hdv. Chim. Acta 4, 430-431 (1921). (7) Underwood, Walsh, J. Am. Chem. Soc. 57, 941 
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C.A. 30, 1394 (1936). (12) Gnehm (to Soc. Chem. Ind. Basel), Ger. 32,564, Feb. 1, 1885; Friedr 
lander, 1, 318. (13) Juvalta, Ger. 60,177, FriedUinder 8, 93. (14) M.L.B., Ger. 368,414, Feb. 6, 

1923; CerU. 1983, II 911. (16) Ashdown, Monier, Ph.D. Thesis, M.I.T. (16) Meyer, Sudbor- 
ough, Ber. 87, 3149 (1894). (17) Fessler, Shriner, J. Am. Chem. Soc. 58, 1384-1386 (1936). 

(18) Kogan, Ponomarenko, Org. Chem. Ind. {U.S.S.R.) 7, 382-385 (1940); C.A. 35, 4118 (1941). 

(19) Kirpal, Kunze, Ber. 68, 2102-2106 (1929). (20) Kaufmann, Voss, Ber. 56, 2611-2512 
(1923). 

(21) Kyrides (to Monsanto Chem. Co.), U.S. 1,951,364, March 20, 1934; Cent. 1934, 11 333. 
(22) Kyrides, J. Am. Chem. Soc. 59, 206-208 (1937). (23) Kircher, Ann. 838, 338-346 (1887). 
(24) Meyer, Monaieh. 85, 1189-1191 (1904). (25) MttUer (to I.G.), Ger. 496,447, April 7, 1930; 

Cent. 1981, I 1676. (26) C. Weizmann, E. Bergmann, F. Bergmann, J. Chem. Soc. 1935, 1367- 
1369. (27) Eckert, Endler, /. prakt. Chem. (2) 108, 335-336 (1921). (28) Ruggli, Brunner, 
Hdv. Chim. Acta 8, 160-161 (1925). (29) Lawrence, J. Am. Chem. Soc. 43, 2580 (1921). (30) 
M.L.B., French 520,542, June 27, 1921; Cent. 1981, IV 804: Brit. 160,433, April 14, 1921; CerU. 
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1»21, IV 127: Swiss 89,059, Aug. 1, 1921; Cent. 1922, II 145: Ger. 360,422, Oct. 2, 1922; Cent. 
1923, II 190. 

(31) Hofmann, Monatah. 36, 812-818 (1915). (32) Ullmann, Schmidt, Ber. 52, 2113-2118 
(1919). (33) OrndoTff, Parsons, J. Am. Chem. Soc. 48, 283-285 (1926). (34) Orndorff, Murray, 

J. Am. Chem. Soc. 39, 686-689 (1917). (35) Waldmann, J. prakt. Chem. (2) 147, 333 (1936/ 
1937). (36) Orndorff, Kennedy, J. Am. Chem. Soc. 38, 2487 (1916). (37) Orndorff, Kennedy, 

J. Am. Chem. Soc. 39, 88-89 (1917). (38) Harrop, Norris, Weizmann, J. Chem. Soc. 95, 286 
(1909). (39) Orndorff, Rose, J. Am. Chem. Soc. 38, 2101-2119 (1916). (40) Durand, Huguenin, 

Brit. 251,644, July 7, 1926; Cent. 1927, I 1228. 

(41) Imperial Chem. Ind., Ltd. & Shaw & Thomson, Brit. 383,624, Dec. 15, 1932; Cent. 1933, 
I 1358. (42) Dreyfus, French 749,792, July 29, 1933; Cent. 1934, 1 3154. (43) Jaeger (to Selden 

Col.), U.S. 1,964,516, June 26, 1934, Cent. 1934, II 3047. (44) Orndorff, Schade, J. Am. Chem. 
Soc. 48, 769-773 (1926). (45) Orndorff. Patel, J. Am. Chem. Soc. 47, 863-867 (1925). (46) 
Orndorff, Hitch, J. Am. Chem. Soc. 36, 680-725 (1914). (47) Allen, Nicholls, J. Am. Chem. Soc. 

56, 1409-1410 (1934). (48) Drew, Pearman, J. Chem. Soc. 1937, 32-33. (49) Orndorff, Nichols, 
Am. Chem. J. 48, 491-499 (1912). (50) Tingle, Bates, J. Am. Chem. Soc. 32, 1325-1327 (1910). 


3:4048 8-CHLORONAPHTHOIC ACID-2 


M.P. 260® (1) 

Fine ndls. best purified by sublimation (1). 

(For prepn. of C from 8-aminonaphthojc acid-2 [Beil. XIV-536] via diazotization and 
use of CU 2 CI 2 reactn. see (1).] 

Salts. (1). CaA2.7H20; BaA2.6H20; both spar. sol. cold aq. but eas. sol. hot aq. 

C with CI 2 in AcOH contg. I 2 yields (1) 5,8-dichloronaphthoic acid-2 [Beil. IX-662], 
ndls. from ale., m.p. 287® (1) (ethyl ester, m.p. 64-65® (1)). 

t • 

Methyl 8-cliloro-2-naphthoate : unreported. 

Ethyl 8-chloro-2-naphthoate: Ifts. from ale., m.p. about 29® (1). [From C in EtOH 
with dry HCl gas (1).] 

3:4948 (l) Ekstrand, J. prakt. Chem. (2) 43, 417-^18, 421 (1891). 


C11H7O2CI Beil. IX - 662 
Cl IXi— 

/V^COOH 


UU 


3:4950 3,6-DICHLORO-4-HyDROXYBENZOIC , 0/11403012 BeU.X-176 

ACID COOH Xi-( 78) 



268-269® cor. 

(1) 

265® cor. 

(2) 

265® 

(3) 

259-260® 

(4) 

257-258.5® 

(5) 

255-256® 

(6) (9) 


White ndls. from dil. ale. or dil. AcOH; spar. sol. cold but more sol. hot aq.; eas. sol. 
ale., ether; sublimes at 250-260® (7) without appreciable decompn. (6). 

[For prepn. of C from p-hydroxybenzoic acid (1 : 0840) in 10% AcOH (4) or in aq. KOH 
(3 moles) (7) with CI 2 , or on htg. with SbCU (4 moles) (6) or with 30% H 2 O 2 + HCl as 
directed (80% 3 deld (8)) see indie, refs.; from 3-flulfo-4-hydroxybenzoic acid in aq. with 
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CI2 see <9); from potassium 2,6-dichlorophenolate with CO2 at 140® see (7); from ethyl 
3,5-dichloro-4-hydroxybenzoate (see below) by hydrolysis with 35% aq. KOH (5) or with 
Claisen’s alk. (96% yield (1)) sec indie, refs.; from 3,6-dichloro-4-methoxybenzoic acid 
with 45% HI for 15 hrs. in s.t. at 130-140® see (3) (2).] 

C on htg. with CaO (4) (7), or with dimethylaniline at 190® (78% yield (1)), or with 
quinoline at 190-200° (80-85% yield (10» loses CO2 giving 2,6-dichlorophenol (3:1596). 

C in cone. aq. soln. gives with FeCla a brown ppt. (4). 

(C on electrolytic reduction in aq./alc./H2S04 gives (11) 3,5-<lichloro-4-hydroxybenzyl 
ethyl ether [Beil. VI-8981, m.p. 86® (11); for prepn. and study of thermal rearr. of the 
crotyl ether of C see (1).] 

(g) Methyl 3,6-dicliloro-4-hydroxybenzoate: ndls. from dil. ale. or Igr., m.p. 124® (3), 
122® (12), 121-122® (4) (5). [From C in MeOH by satn. with HCl gas (3) (4); also 
f^om methyl p-hydroxybenzoate (1:1549) with SO2CI2 (2 moles) (5).] [This prod, 
with acetyl chloride yields (5) corresp. acetate, Ifts. from MeOH, m.p. 70-71® (5), 
68-69® (4).] 

(g) Ethyl 3,6-dichloro-4-hydroxybenzoate: ndls. of monohydrate, m.p. 108-116® cor. 
(1), 116® (5) from 80% ale.; after long drying in vac. over IWs lose aq. yielding an- 
hydrous ester, m.p. 111-112° cor. (1); note that this ester is extracted from ether 
soln. by aq. NaHCOa and is also titratable with stand, alk. (Neut. Eq. of mono- 
hydrate 253). [From ethyl p-hydroxybenzoate (1:1534) with excess SO2CI2 (5) in 
85% yield (1).] 

3:4950 ( 1 ) Tarbell, Wilson, J. Am. Chem. Soc. 64 , 1066-1070 (1942). (2) Durrans, J. Chem. 
Soc. 123 , 1426 (1923). (3) Bertozzi, Gazz. chim. %tal 29 , II 39 (1899). (4) Zincke, Ann. 261 , 

250-252 (1891) (5) Mazzara, Gazz. chim. %tal. 29 , I 387-388 (1899) (6) Lossner, J. prakt. 

Chem. (2) 13 , 434 (1876). (7) Tarugi, Gazz. chim ital. 30 , II 490-491 (1900). (8) Leulicr, Pinet, 

BuU. soc. chim (4) 41 , 1365-1366 (1927). (9) Datta, Mitter, ./ Am. Chem. Soc. 41 , 2038 (1919) 

(10) Blicke, Smith, Powcjs, J. Am. Chem. Soc. 54, 1468 (1932). 

(11) Mettler, Ber. 39 , 2940 (1906). (12) von Auwers, Reis, Ber. 29 , 2359 (1896). 

3:4952 . 6-CHLORONAPHTHOIC ACID-2 CnH 702 Cl Beil. IX - 662 

coon IXi— 


Cl 

MJ>. cor. (1) 

263* (2) 

Ndls. from ale. or AcOH. — Sol. in hot ale., in Celle or AcOII. — Sublimes in ndls. even 
below m.p. 

[For prepn. of C from 5-amino-2-naphthoic acid [Beil. XIV-536] via diazotization and 
use of CU2CI2 reactn. sec (2), from 5-chloro-2-naphthonitrile (below) by hydrolysis in 
Ac0H/H2S04/aq. medium (aim. 100% yield (1)) or with ale. KOH (2) see indie, refs.] 

C with PCle yields (1) 6-chloro-2-naphthoyl chloride, m.p. 89® cor., sol. in pet. eth. or 
CeHe, but only very slowly hydrolyzed by aq. even on htg. (1). 

C on mononitration by soln. in excess cone. HNO3 (D = 1.42) yields (2) on cooling 
6-chloro-a;-nitronaphthoic acid-2, ndls. from AcOH, m.p. 271® (ethyl ester, m.p. 118°); 
C on dinitration with red fumg. HNOs + a little cone. H2SO4 yields (1) 5-chloro-a:,3/- 
dinitronaphthoic acid-2, ndls. from AcOH, m.p. about 243® (ethyl esjter, m.p. 132°); C on 
trinitration by conversion to mononitro-C (above) and treatment with excess fumg. 
HNOs + cone. H2SO4 yields (1) 5-chloro-a;,$/,z-trinitronaphthoic acid-2, yel. cryst. from 
AcOH, m.p. 266-261® dec. (ethyl ester, m.p. 188°). 
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Salts <2). NaA.2H20 sol. aq.; CaA2.33/^H20, sol. in 4430 pts. cold aq.; BaA2.4)^H20, 
very spar. sol. cold aq. 

© Methyl 6-chloro-2-naphthoate : m.p. 81° cor. (1). (From C in MeOH with cone. 
H2SO4 (90% yield {!)).] 

© Ethyl 5-chloro-2-naphthoate: ndls. from ale., m.p. 46° <2). 

6-Chloro*2-naphthonitrile : ndls. from ale., m.p. 142° cor. (1), 144° (2). [Prom 

2-naphthonitrile [Beil. lX-f)59, IXi-(277)l with CI2 in AcOH contg. I2 <2) or from 
5-amino-2-naphthonitrile (Beil. XIV-536] via diazotization and use of CU2CI2 reactn. 
(28% yield <1».] 

6-Chloro-2-naphthoamide: ndls., m.p. 190.5° cor. (1), 186-187° (2). [From 5- 

chloro-2-naphthonitrilc (above) by hydrol. with ale. KOH (1) (2) or from acid chloride 
(above) with 4 pts. cone. aq. NH 4 OH for 2 hrs. at ord. temp. (80% yield fl)).] 

© 5>Chloro-2-naphthoanilide : m.p 202.5° cor (1). [From the acid chloride (above) 
with 3 pts. aniline at 100° (90% yield (1)).] 

3:4952 (1) Goldstein, Matthey, Hdv. Chtm. Acta 21, 66-66 (1938). (2) Ekstrand, J. prakt. 

Chem. (2) 43, 411-417 (1891). 


3 : 4960 6-CHLOROISOPHTHALIC ACID 

(5-Chlorobenzenedicarboxylic 

acid-1,3) 


COOH 



C8H6O4CI 


M.P. 378° (1) 


Beil. DC - 838 
IXi- 


C cyrst. from aq. in ndls. which even after drying over cone. H2SO4 cont. mole H2O; 
this water is lost, however, on htg, at 120° (1 ). — C is sol. at 15° in 3450 pts. aq. (1). 

[F’or prepn. of C from 5-aminobenzenedicarboxylic acid-1,3 (5-aminoisophthalic acid) 
[Beil. XIV-556, XIVi-(636)] via diazotization and htg. sepg. diazonium salt with strong 
HCl see (1), from 5-chloro-3-methylbenzoic acid (3:4715) by oxidn. with KMn04 in dil. 
aq. KOII see (2) ] 

Salts. Na2A, K2A, ea.s. sol. aq. or ale.; Ag2A, ndls. from aq.; MgA, 7H2O; CaA, 2H2O, 
sol. at 15° in 28 pts. aq.; SrA, H2O, sol at 15° in 108 pts. aq.; BaA, 2H2O sol. at 16° in 71 
pts. aq.; CdA, sol. at 15° m 330 pts. aq. (for details see (1)). 


Dimethyl 5-chloroisophthalate': unrecorded. ’ 

© Diethyl 6-chloroisophthalate: pr. from ale., m.p. 45° (1). [From C in EtOH with 
HCl gas (1).] 

3:4960 (l) Beyer, J. prakt. Chern. ( 2 ) 26, 506-515 (1882). (2) Klages, Knoevenagel, Ber. 28, 

2046-2046 (1895). 


3:4965 4,6-DICHLOROISO PHTH ALIC ACID C8H4O4CI2 

(4,6-Dichlorobenzcnedicarboxylic (^OOH 

acid-1,3) Cl| 

JCOOH 


Beil. IX - 838 

Ki— 


M.P. 379-381° <1) 
380° U.C. (2) 


Colorless ndls. from hot aq. or dil. ale.; eas. sol. ale., ether, CHCI3; insol. cold aq. 

[For prepn. of C from 4,6-dichloro-l,3-dimethylbenzene [Beil. V-373, V2-(291)J by 
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oxidn. with 20 pts. HNOs {D ** 1.18) in s.t. at 220® for several hrs. <2) or with CrOs/ 
AcOH (2) see indie, refs.; from l,3-<iimethylbenzene-4,6-6w-(8ulfonyl chloride) (1) with 
SOCI2 in s.t. at 240° for 36 hrs. see (1).] 

AgsA, white ppt. (2), BaA, H2O spar. sol. cold aq. but eas. sol. hot aq. (2). 

Dimethyl 4y6-dichloroisophthalate: cryst. from dil. MeOH, m.p. 97-98® (1). [From 
C in MeOH on htg. (1).] 

® 4,6-Dichloroisophfhaldianilide: m.p. 205® {1). [From C on htg. with aniline (1).] 

3:4966 (1) Poliak, Rudich, Monatah. 43, 221 (1922). (2) Claus, Burstert, J. prakt. Chem. (2) 
41, 65&-560 (1890). 


3:4970 2,6-DICHLORO-3,6-DIHYDROXY- 
BENZOQUINONE-1,4 

(Chloranilic acid) 


M.P. 283-284® s.t. (1) 
282-284® s.t. (2) 



C6H2O4CI2 


Beil. Vm - 379 

vnii— 


Lustrous red Ifts. with 2H2O (3) (4) (lost at 100® or slowly on stdg. over cone. H2SO4 
<3) (4)). — C on slow heating (even in s.t.) sublimes without melting; in s.t. inserted in 
bath or block preheated to about 278®, however, melts as stated above (1). 

[For prepn. of C from chloranil (tetrachlorobenzoquinone-1,4) (3:4978) by actn. of 
dil. NaOH at 70-80® see (3) (2); for other methods see Beil. VlII-379.] 

C is sol. in aq. yielding violet-red solns.; at 13.5 g. 100 pts. aq. dis. 0.19 pt., at 99® 1.4 
pt. anhyd. C (3); addn. of HCI or H2SO4 ppts. C decolorizing soln. (5). 

C behaves as strong dibasic ac. forming stable Na, K, Ba, Ag salts. — Na2A.4H20, dark 
red (7) triclinic (8) pr. sepg. on rapid cooling of warm soln. to 18® (6); loses 2H2O over 
H2SO4 and becomes anhyd. at 110® (7). — Na2A.3H20, black cryst. sepg. from soln. above 
35® (6). — Na2A; 100 pts. aq. at 21® dis. 1.06 g., at 99® 6.19 g. (3). — Ag2A, red ppt. spar, 
sol. aq. (8a}. 

C htd. in s.t. with cone. H2SO3 soln. for some hrs. (9) or treated with Sn -f HCI (9) or 
Na/Hg (9) yields 3,6-dichloro-l,2,4,5-tetrahydroxybenzene (hydrochloranilic acid) [Beil. 
VI-11561, colorless cryst., no m.p. recorded but with AcCl in s.t. at 100® yielding tetra- 
acetyl deriv., colorless ndls. from ale. or by subl., m.p. 235° (9). [Use of insufficient SO2 
for reduction of C leads to pptn. of corresp. quinhydrone, fine black ndls. (9).] [For studies 
of oxidn.-reductn. potential of C see (2) (10) (ll).) 

C with alk. -h I2 — KI soln. yields (12) iodoform, m.p. 119®. 

2.6- Dichloro-3,6-dimethoxybenzoquinone-l,4 (dimethyl chloranilate) [Beil. VIII- 

380] : from Ag2A -f CH3I (13) or from anhydrous K2A -|- Me2S04 (14); red pr. from 

CeHe or CHCls, m.p. 141-142® (13) (14). 

2.6- Dichloro-3,6-diacetozybenzoquinone-l,4 (chloranilic acid diacetate) [Beil. VIII- 

381] : from finely pdrd. Ag2A + AcCl in dry ether (15); yel. ndls., m.p. 182.5® (15). 

3:4979 (1) Michael, Ber, 28, 1631 (1895). (2) Conant, Fieser, /. Am. Chem. Soc. 46, 1866-1867 
(1924). (3) Graebe, Ann. 263, 24-27 (1891). (4) Jackson, MacLaurin, Am. Chem. J. 37, 98- 
100 (1907). (5) Erdmann, J. prakt. Chem. (1) 22, 286 (1841). (6) Valeur, Ann. chim. (7) 21, 
610-512 (1900). (7) Hesse, Ann. 114, 304 (1860). (8) Pope, J. Chem. Soc. 61, 683-684 (1892). 
(8a) Erdmann, Ann. 48^ 317 (1843). (9) Graebe, Ann. 146, 32-36 (1868). (10) Conant, Lutz, 
J. Am. Chem. Soc. 46, 1257 (1924). 
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<11) Schwarzenbach, Suter, Heh. Chim. Acta 24 , 626-628 (1941). (12) Jackson, Torrey, Am, 

Chem, J. 20 , 429-430 (1898). (13) Kehrmann, J. prakt. Chem. (2) 40 , 370 (1888) ; 43 , 260 (1891). 
(14) Graobe, Ann. 340 , 248-249 (1905). (16) Nef, Am. Chem, J. 12 , 471-472 (1890); J, prakt. 
Chem. (2) 42 , 169-171 (1890). 

3:4975 2-CHLOROBENZENETRICAR- COOH CsHfiOeCl BeU. IX - 980 
BOXYLIC ACID.1^,6 IXi— 

(Chlorotrimesic acid) 

H(XX\^OOH 

M.P. 285® (1) (anhydrous) 

278® (2) (hydrate) 

Ndls. or tbls. with 1 H2O from aq. (2); very readily sol. cold aq. (1) (contrast (2)), 
extremely eas. sol. hot aq. (1) (2); eas. sol. ale., ether (2); insol. CHCla (2). — Sublimes 
largely undecomposed (2). 

[For prepn. of C from chloromesitylene (3:8725) by oxidn. with aq. KMn04 either 
with or without MgS04 (63.5% yield) see (1); from 2-hydroxybenzenetricarboxyIic acid- 
1,3,5 (hydroxy trimesic acid) [Beil. X-5801 with PCls (4 moles) followed by hydrol3rsi8 
(with warm aq. or aq. alk.) of the intermediate iris acid chloride see (2).] 

Ba3A2.7H20 (from C -f- BaCOa (2)), fairly eas. sol. cold aq. but spar. sol. in hot aq. (2). 
[C on boilg. with aq. alkali does not give chloride ion (2) but C with Zn -h HCl (or H2SO4) 
or C in 10 pts. aq. with 10 pts. 4.5% Na/Hg yields trimesic acid (1:0559) (2).] 

8:4976 (1) Davies, Wood, J. Chem. Soc. 1928 , 1126-1127. (2) Ost, J. prakt. Chem. (2) 16 , 
308-314 (1877). 


3:4978 2,3,6,6-TETRACHLOROBENZO 
QmNONE-1,4 
(Tetrachloro-p-benzoquinone ; 
chloranil) 

M.P. 292® (1) (68) 

291-292® (2) 

290® s.t. (3) (4) (5) 

290® (6) (7) 

289-290® (37) 

289® (60) 

288-290® (8) 

288® (9) 

285® (10) 

283-284® (11) (12) 

{See also tetrachlorohydroquinone (3:4941).! 

Golden-yellow cryst. from AcOH, acetone, CeHe, toluene, or by sublimation. — For 
crystallographic data see (13) (14) (15). 

G on careful htg. sublimes without melting (16); for purification of G by sublimation (4) 
under reduced press. (17) (18) see indie, refs.; for study of sublimation press, of G see (19). 

C is insol. aq.; aim. insol. in cold ale.; sparingly sol. hot ale. but somewhat more readily 
in ether; C is sparingly sol. CHCla, CCI4, CS2; insol. Igr. 

[For study of heat of formn. of C see (20); for studies of heat of combustion see (21) (22).] 



CgOaCL 


Beil. Vn - 636 
Vni.(347) 
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[For studies of bactericidal properties of C (23) or toxicity of C (or its associated by- 
products or contaminants) (24) (25) (26) see indie, refs.] 

C comprises the essential constituent (99% (27)) of the commercial fungicide “ Spergon 
[for studies on use of C as (seed) fungicide see (27) (28) (29) (30) (31) (32); for studies on 
toxicity of C in such use see (33)]. 

PREPARATION OF C 

C because of its great resistance to further oxidation is formed as the end product of the 
oxidation with HCl + KCIO3 of a very large number of aromatic organic compounds 
[e.g., for a list of 16 such which do and 31 which do not give C, see (34); for extension to 
130 cases which do, see (35) cf. (36).] 

C can also be prepared by a very large number of methods (see below): of these the 
best appear to be those from benzoquinone-1,4 (1:9025) using cone. HCl + 30% H2O2 
at 60° (97% yield (37)) cf. (38), and from p-aminophenol by conversion with SO2CI2 
(10 moles) at 70° (6) or at 40-45° for 4 days (73% yield (1)) to iV,Ar-dichloro-2,3,5,6- 
tetrachloro-4-aminophenol, m.p. 71.5° (6), and reaction of the latter with boilg. EtOH 
(1) (6) in pres, of an inert solvent (39) to give (80-85% overall yield from p-aminophenol 
(1)) of C of exceptional purity and free from 2,3,5-trichlorobenzoquinone-l,4 (3:4672). 

From Various Phenols 

From phenol. [For prepn. of C from phenol (1 : 1420) with cone. HNOj -f fumg. HCl 
(i.e., with aqua regia) on htg. in open flask in direct sunlight (25% yield (17)) (40), or in 
fumg. HCl with CI2 followed by htg. with cone. HNO3 at 100° for 20 hrs. (34% yield (17)) 
cf. (40), by electrolysis in HCl/AcOH (41), or by action of cone. HCl + KCIO3 (42) (43) 
(note, however, that this method gives (17) (44) (45) (46) (47) a product seriously con- 
taminated with 2,3,5-trichlorobenzoquinone-l,4 (3:4672) q.v.) see indie, refs. — For 
prepn. of C from phenol-contg. industrial waste waters with CI2 in alk. soln. followed by 
oxidn. with HNO3 see (48) (49) (50) (51) (52).] 

From various halophenols. From 2,J^j6-lnchloro'phenol. [For prepn. of C from 2,4,6- 
trichlorophenol (3 : 1673) with CISO3H (53), with CI2 + fumg. H2SO4 followed by CISO3H 
(90% yield (54)), with aqua regia (17) (40), with HCl KCIO3 (42) (55), with CrOs/AcOH 
(15), or with K2Cr2C)7/H2S04 (15) see indie, refs. — Note also that many of the processes 
starting from phenol (above) doubtless pass through 2,4,G-trichlorophenol.l 

From pmlachlorophenoL [For prepn. of C from pentachlorophenol (3:4850) with 
CISO3H (53) (54), with cold fumg. HNO3 (56) (57) (58), or with CI2 + cone. HCl at 100° 
(58) see indie, refs.] 

From “ hexachlorophenol” [For formn. of C from hexachlorophenol ” (hexachloro- 
cyclohexa4ien-l,4-one-3) (3:3180) with cone. (68) or fumg. (69) HNO3, with cone. H2SO4 
at 100° (68) (69), with aq. or HCl in s.t. at 160° (69), or with AICI3 (>^ mole) in s.t. at 
160° (70) see indie, refs.) 

From 2,4f64,riiodophenol. [For prepn. of C from 2,4,6-triiodophenol with CI2 in boilg. 
AcOH soln. (100% yield) see (10).] 

From various nitroso- and nitro-phenols. [For prepn. of C from p-nitrosophenol in 
cone. HCl at 90° with CI2 see (59).] 

[For formn. of C frbm o-nitrophenol (17) (40) (60), p-nitrophenol (17) (40) (60), 2,4,6- 
trinitrophenol (picric acid) (17) (40) (61) with aqua regia, or from picric acid with CI2 
(61) or CI2 •+• I2 (62) in hot aq. soln., or from picric acid with HCl + KCIO3 (42) (47) see 
indie, refs.; for formn. of C from p-nitrophenol or 2,4-dinitrophenol with aq. NaOCl soln. 
see (63).] 
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From polyhydric phenols. From resorcinol. [For formn. of C from resorcinol (1 : 1530) 
with ClSOaH (40 wt. pts.) at 150-160° for 25 hrs. (note that much 2,3,5-trichlorobenzo- 
quinone-1,4 (3:4672) is also formed) see (64) cf. <54).] 

From hydroqmnone. [For formn. of C from hydroquinone (1:1590) with CI2 in AcOH 
(5), with CI2 + cone. HCl at 100° <^) (53), with aqua regia (4), with ClSOaH at 150-160° 
(8) see indie, refs.; for formn. of C from hydroquinone-pyridinium chloride with SOCI2 
(2) or from hydroquinone-2,6-6is- (sulfonyl chloride) with PCls in s.t. at 140-150° for 6 hrs. 
(67) see indie, refs.] 

From pyrogalloL. [For formn. of C from pyrogallol (1 : 1555) with ClSOaH at elevated 
temp, see (66).] 

From various quinones. From p-benzoquinone. [For formn. of C from benzoquinone- 
1,4 (1:9025) with CI2 in cone. HCl (53) (65) with CI2 in AcOH (71) cf. (72), or with 
HCl + KClOa (42) see indie, refs.] 

From Ike dichloro-p-henzoqutnones. [For formn. of C from 2,3-dichlorobenzoquinone- 
1,4 (3:2855), from 2,5-dichlorobenzoquinone-l,4 (3:4470), or from 2,6-dichlorobenzo- 
quinonc-1,4 (3.3750) with CI2 in CHCI3 see (73).| 

From trichloro-p-hemoquinone. [For formn. of C from 2,3,5-trichlorobenzoquinone-l,4 
(3:4672) with CI2 + I2 + aq. (47), or with CI2 + HCl (65), sec indie, refs.] 

From various amines. [For formn. of C from aniline in 10% HCl by electrol3rtic oxida- 
tion (23% yield (9)) (74), with HCl + KCIO3 (75) (76), with Na2Cr207 + HCl (89), 
or with aqua regia (60) see indie, refs. — For formn. of C from diphenylamine, 2,4- 
dichloroaniline, w-nitroanilme, aniline black, or phenylhydrazine with aqua regia see (60).] 

[For formn. of C from p-phcnylcnediamme wdth aqua regia (60) (4), with CISO3H (large 
excess) at 150-160° for 5 hrs. (77), with CI2 m AcOH (78), or with HCl -f KCIO3 (3) see 
indie, refs.; from 2,6-dichloro-p-phenylenediamino w'ith HCl + KCIO3 see (79).) 

[For formn. of C from o-aminobenzoic acid (anthranilic acid) (42) (80), m-aminobenzoic 
acid (80), /p-aminobcnzoic acid (80), f-tyrosine (a-amino-j0-(7>-hydroxyphenyl)propionic 
acid) (81) with HCl + KCIO3 see indie, refs.; from sulfanilic acid (aniline-p-sulfonic acid) 
with aqua regia see (60).] 

[For formn. of C from 2,3,5,6-tetrachloro-p-phenetidine by diazotization and boilg. 
see (82).] 

From miscellaneous sources. [For formn. of C from 1,2,4,5-tetrachlorobenzene (3:4115) 
as by-product of nitration with fumg. HNO3 see under (3:4115), from hexachlorobenzene 
(3:4939) on boilg. with mixt. of fumg. HNO3 H- cone. H2SO4 see (83); from Ar-nitro-2,4,6- 
trichloroaniline in dil. ale. or AcOH soln. w’ith HCl or H2SO4 see (84); from AT-nitro-acet- 
2,3,5,6-tetrachloroanilide on boilg. in toluene or xylene see (85); from tetrachlorobenzo- 
quinone-1, 4-mono- (2,4, 6-trichlorophenylimide) by H2SO4 hydrolysis see (86); from various 
azo dyes by oxidn. with NaOCl soln. at 0° see (87); from anisolesulfonic acid or phenetole- 
sulfonic acid in aq. soln. wdth CI2 see (88); from nitrobenzene with CISO3H (20 wt. parts) 
at 150° for 20 hrs. (95% yield) see (7).] 

CHEMICAL BEHAVIOR OF C 
Reduction of C 

C upon reduction by a wide variety of reagents gives tetrachlorohydroquinone (3:4941) 
the text of which should be consulted for details. 

Oxidation of C 

C is extremely stable to oxidizing agents in neutral or acid soln. and is unaffected by 
aqua regia or hot cone. HNO3. 
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Behavior with Chlorine 

[C with Mn02 + cone. HCl in s.t. at 180® for 10 hrs. adds 1 mole CI2 giving <45) hexa- 
chlorooyclohexen-2-dione-l,4 [Beil. VII-5741, m.p. 89® (45).] 

Behavior with Other Inorganic Reactaots 
In many of the reactions of C with other reagents, 2 of the chlorine atoms are often 
replaced by other groups as exemplified below. 

With aqueous alkali. C with dil. aq. alk. at 70-80® readily replaces 2 chlorine atoms by 
hydroxyls giving (16) (3) (90) (91) (92) 2,5-dichloro-3,6-dihydroxybenzoquinone-l,4 
(chloranilic acid) (3:4970), m.p. 282-284® s.t. (92). 

With ammonia. [C with ale. NHa on boiig. replaces 2 chlorine atoms by amino groups 
giving (75% yield (103)) (93) (94) 2,5-dichloro-3,6-diaminobenzoquinone-l,4 (chloroanila- 
mide) [Beil. XIV-144]. — Note, however, that C with aqueous NH4OH gives (16) 2,5- 
dichloro-3-amino-6-hydroxybenzoquinone-l,4 (chloranilamic acid) [Beil. XlV-250].] 

With various salts. [C with s^ium azide as directed (95) (96) gives 2,5-dichloro-3,6- 
6t8-azidobenzoquinone-l,4. — C with NaN02 (2 moles) in cone. aq. soln. on warming 
gives (97) cf. (98) 2,5-dihydroxy-3,6-dinitrobenzoquinone-l,4 (nitranilic acid) [Beil. VIII- 
384, VIIIr(683)]. — C with KC^N (2 moles) in 85% MeOH gives (99) 2,5-dihydroxy-3,6- 
dicyanobenzoquinone-1,4 (cyananilic acid) [Beil. Xi-(520)].] 

[C with warm dilute aq. acid KHSO3 gives mainly (100) (101) the salt of 2,5-dichloro- 
3,6-di8ulfohydroquinone [Beil. XI-301], while with cone, solns. (100) or with neutral 
K2SO3 (101) (102) the main prod, is the salt of thiochronic acid [Beil. XI-302, XIi-(80)], 
now (102) recognized as cyclohexadien-2,5-ol-4-one-l-pentasulfonic acid-2,3,4,5,6.] 

With PCls. [C with PCls + PCls in s.t. at 190-200® for 4 hrs. gives (95% yield (104)) 
cf. (43) hexachlorobenzene (3:4939); note also, however, that C with PCI5 -f PCls at 135- 
140® followed by treatment with aq. may also yield (45) (105) mono-(pentachlorophenyl)- 
phosphoric acid (monohydrate), m.p. 224® (105), and other products.) 

Behavior of C with Organic Reactants 

With aromatic hydrocarbons. [C with various aromatic hydrocarbons yields addition 
compounds: e.g., C with 1,2,4,5-tetramethylbenzene (durene) (1:7195) in hot AcOH 
gives (106) (107) a red cpd. C.2 durene; 0 with hexamethylbenzene (1 : 7265) gives from 
hot AcOH (108) violet-brown ndls. of a 1:1 cpd., m.p. 198-202® (108) (for further study 
of this prod, see (109) (110)); C with acenaphthene (1:7225) gives (111) (112) from AcOH 
(107) a violet 1:1 addn. cpd.] 

With dienes and other unsaturates. C with many dienes and other highly unsaturated 
compounds forms addn. products and/or gives color reactions. 

[C with cyclopentadiene (1:8030) in CcHg in pres, of a little MesN gives (113) a 1:1 
addn. cpd., yellowish ndls. from abs. ale., m.p. 146-146.5® (113) (corresp. dibromide with 
Br2 in CHCI3 in direct sunlight, Ifts. from AcOEt, m.p. 269® (113)); note that in absence 
of Me3N yield in 14 da3rs is only 40%, in presence of Me3N 100% (for study of cat. in- 
fluence of Me3N and of CCl3.COqH see (114)).] 

[For study of color reactions of C in CHCI3 soln. with various trienes see (115) cf. (116) 
(117).] 

[For studies of influence of C on polymerization of styrene (1:7435) see (118) (119) (120); 
for study of effect of C on polymerization or depolymerization of natural rubto see (121); 
for use of C as vulcanization accelerator see (1^).] 

With organic OH (or SH) reactants. WiOi alcohols. [C in boiig. MeOH gradually 
treated with calcd. amt. 1% MeOH/KOH gives (123) (124) a mixt. of 2,5-dichloro-3,6- 
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dimethoxybeiizoquinone-1,4 (chloranilic acid dimethyl ether) [Beil. VIII-380], dark red 
pr. from CeHe, m.p. 141-142® <123), and 2,&Kiichloro-3,5>dimethoxybenzoquinone-l,4 
(isochloroanilic acid dimethyl ether) [Beil. VIII-387], dark red pr., m.p. 159® <125) <126), 
157-158® <123), 155.5® <127). — Note, however, that C with MeOH/NaOMe (5-^ moles) 
gives 2,5-dichloro-3,6-dimethoxybenzoquinone-l,4>5is (monomethyl acetal) [Beil. VIII- 
381] accompanied by tetrachlorohydroquinone (3:4941).! 

With phenols. [C (1 mole) with phenol (2 moles) in aq. KOH at 100® gives <128) 2,5- 
dichloro-3,6-diphenoxybenzoquinone-l,4 (chloranilic acid diphenyl ether) [Beil. VIII-380], 
dark red pr. from CeHe, m.p. 243® <128). — C (1 mole) with aq. K p-cresolate (2 moles) 
at 100® gives <129) 2,5-dichloro-3,6-di-(p-toloxy)benzoquinone-l,4 (chloranilic acid di- 
p-tolyl ether) [Beil. Vnii-(681)], cryst. from toluene, m.p. 254-255® <129).] 

With mercaptans. [C (1 mole) with EtSH (4 moles) with EtOH/KOH (4 moles) as 
directed gives (95% yield <130)) 2,3,5,6-tetra-A»«-(ethylthio)benzoquinone-l,4 [BeiL 
VIII-535], dark green ndls. from ale., m.p. 90-91® <131).] 

With thiophenols. [C (1 mole) with CeHsSH in alk. soln. might be expected to 3rield 

2.3.5.6- tetra-A:w-(phenylmercapto)benzoquinone-l,4, but neither this reaction nor the 
expected product appears to have been reported. — However, various analogous cases 
are known: e.g., C (1 mole) with p-thiocresol (4 moles) in AcOH at 100® for hr. gives 
<132) 2,3,5,6-tetra-to-(p-tolylthio)benzoquinone-l,4, cryst. from AcOH, m.p. 203® <132). — 
C (1 mole) with o-nitrothiophenol in boilg. EtOH for 1 hr. gives <96) 2,3,5,6-tetra-(o)- 
nitrophenylmercapto)benzoquinone-l,4, no m.p. given.) 

With organic amines. General. The behavior of C with aliphatic amines appears to 
have been httle studied from the structural viewpoint. [However, for studies on color 
reactions of C with prim., sec., and ter-amines (or their salts) <133), for use of C (in epi- 
chlorohydrin soln.) as a test for plasmochin <134) <135), or for use of C in detection of 
MeNH2, MeaNH, or MesN and differentiation from NHs <136) <137), for use in spot test 
reactions of 38 different amines <147) sec mdic. refs.] 

With primary aliphatic amines. [C with McNHa miglit be expected to give 2,5-dichloro- 

3.6- 6w-(methylamino)benzoqumone-l,4 or even 2,3,5, 6-tetra-A:is- (methylamino )benzo- 
quinone-1,4, but the reaction has not been reported and neither product is known.] 

With primary aromaiic amines. [C with aniline in boilg. ale. refluxed 30 min. gives 
(81% yield <138)) <100) <93) <139) 2,5-dichloro-3,6-dianilinobenzoquinone-l,4 [Beil. XIV- 
144, XIVi-(421)], yel.-br. Ifts. from CeHe or nitrobenzene, m.p. 292-293® <138), 290® 
<140), 288-290® <141); note that this product serves as bases for prepn. of many complex 
dyestuffs which cannot be discussed here. — C with many other homologous and analogous 
primary aromatic amines behaves similarly. 

[C with phenylhydrazinc in absol. ale. evolves Na and gives <10) a chlorine-contg. prod., 
m.p. 229-230®, of undetermined structure.] 

With various organometallic reactants. [C (1 mole) in ale. with diethyrsodiomalonate 
(4 moles) in CeHe gives (10% yield <142)) tetraethyl 2,5-dichloro-p-benzoquinone-3,6- 
dimalonate [Beil. X-940], yel. ndls. from ale., m.p. 132® <143).] 

[For behavior of C with ethyl sodio-acetoacetate see <144) <145), Beil. X-860, and Beil. 
X-935.] 

[For behavior of C with excess CeHsMgBr see <146).] 

(B Color tests for C. Of the large number of color tests shown by C with various re- 
actants, the following have been especially employed as preliminary tests for C itself; 
note that for detaUs, limitations, etc., the original references should be consulted. 

With dimethylaniline. C on warming with dimethylaniline gives intense violet color 
(Mulliken). 
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Wiih ethyl cyanoacetate. C with ethyl cyanoacetate (2-3 drops) -|- excess ale. NH 4 OH 
(2-3 ml. of mixt. of 1 pt. abs. EtOH -h 1 pt. cone. Nn 40 H) gives intense bluish-violet 
coloration, changing to blue, green, and finally reddish brown (148). [Note that the 
reaction is also shown by certain other quinones, e.g., benzoquinone-1,4 (1:9025), o-tolu- 
quinone, thymoquinone, and naphthoquinone-1,4 (1:9040), but is not given by anthra- 
quinone (1:9095), phenanthraquinone (1:9086), naphthoquinone-1,2 (1:9062), or 2,5- 
dichloro-3,6-diaminobenzoquinone-l,4 (chloranilamide) (148) ] 

With triphenylphosphine. C with 20% soln. of (06115)3^ in CHCI3 gives (149) a wine- 
red color. [Note, however, that a similar behavior is also shown by 2,3,5-trichlorobenzo- 
quinone-1,4 (3:4672) and certain other quinones (149).] 

3:4978 (1) Eller, Lorenz, Bcr. 58, 494-497 (1925). (2) Koenigs, Greiner, Ber. 64, 1047 (1931). 

(3) Graebe, Ann. 263, 16-31 (1891). (1) Datta, J. Am Chem. Soc. 36, 1011-1013 (1914). (6) 
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25, 3323 (1931). (36) Michiels, Hinchot, BuU. acad. roy. mcd. Belg. (5) 6, 213-228 (1935), C.A. 
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BeU. JX - 837 
IXi.(373; 


Colorless ndls. from hot aq. in which it is very spar. sol. requiring 130 pts. for soln. <4); 
eaa. sol. aJc., spar. sol. ether, insol. CaHe or CHCI3 (2). 

(For prepn. of C from 4-chloro>l,3-dimethylbenzene (3:8665) by oxidn. with aq. KMn04 
<1) in prea. of MgS04 (2) see indie, refs.; from 2-chloro-5-methylphenyl methyl ketone <3), 
2-chIoro-5-methylbenzoic acid (6) (3:4615), or a,/9-Wfi-(2-chloro-5-methylbenzoyl)ethylene 
(5) by oxidn. with KMn04 see indie, refs.; from sodium l,3*dimethylbenzenesulfonate 
[Beil. XI-123, XIi-(34)] with SOCI2 in s.t. at 230°, followed by treatment with aq. alk., 
see (7); from 4-chloroisophthaldiamide (see below) by hydrolysis with boilg. aq. KOH 
see (4).] 


COOH 

3:4980 4 CHLOROISOPHTHALIC ACID 

(4-Chlorobenzenedicarboxylic 
acid-1,3) 

M.P. 395° <1) 

304.5° (2) 

393° <3) 

390>393° (4) 

386° U.C. (5) 


CsHdOiCl 


JOOH 


Dimethyl 4-chloroisophthalate: unreported. 

Diethyl 4-chloroisophthalate: unreported. 

4-Chloroisophthaldiaxnide: ndls., Ifts., or pi. from 17 pts. boilg. aq., m.p. 232- 

233° (4). [From isophthalic acid-4-arsinic acid (l,3-dicarboxyben2enearsinic acid- 
4, l,3(H(X)C)2.C6H3.As(0)(0H)2, mth PCU at 110° for 3 hrs. followed by treatment 
in toluene soln. with NH3 (4).] 

8:4980 (1) Davies, Wood, J. Chem. Soc. 1928, 1126. ( 2 ) Ullmann, Uzbachian, Ber. 36, 1799 
(1903). {3) Mayer, Freund, Ber, 65, 2052 (1922). (4) Gough, King, J. Chem. Soc. 1930, 690- 
691. (5) Conant, Lutz, J. Am. Chem. Soc. 47, 891 (1925). ( 6 ) Scholl, Meyer, Keller, Ann. 613, 
298 (1934). {7} Farbwerke Meister Lucius & BrQning, Ger. 282,133, Feb. 15, 1915; Cent. 1916, 
1464. 


3 : 4985 2,6-DICHLOROT£R£PHTHALIC ACID C8H4O4CI2 
(2,5-Dichlorobenzenedicarboxylic COOH 

acid-1,4) (^Cl 


Cli 


H 


M.P. 306-306.5° (1) 

305-306° cor. <2) 
305° (3) 


Beil. IX -847 
Ki- 


Colorless ndls. from hot aq.; sublimes on cautious gi’adual htg. 

[For prepn. of C from 2,6^chloro-l-methyl-4-isopropylbenzene (2,5-dichloro-p-cymene 
(Beil. V-423, V2-(326)J by oxidn. with 20 pts. HNOs (D *= 1.15) in s.t. at 180-200° for 
10-12 hrs. (1) (3) see indie, refs.; from 2,6-dichlorocyclohexadiene-l,4-dicarboxylic acid- 
1,4 (2,5-dichloro-3,6-dihydroterephthalic acid) (Beil. IX-785] in 12% yield by short boilg. 
with 20% HNOs (some 2,6-dichloro-3-nitroterephthalic acid is also formed) see <4) <2); 
from 2,5-dichloro-l,4-&tV(trichloromethyl)benzene (5) by hydrolysis with H 2 SO 4 (66° B4) 
at 70-80° see (5).] 
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Agai, insol. aq. (2); Bai, 4 H 2 O, very eas. sol. aq. (2). 

[The acid chloride corresp. to C, viz., 2,5-dichloroterephthaloyl (di)ch]oride, cryst. from 
Igr., m.p. 80.5-81® (6), has been obtd. indirectly (6) from 2,5-dichloro-3,6-dihydrotere> 
phthalic acid (above) by actn. of PCls.) 

[A mononitro-C, viz., 2,5-dichloro-3-nitroterephthalic acid [Beil. IX-852], pale yel. ndls. 
from cone. aq. soln., m.p. 225-226® dec. <2) (corresp. dimethyl ester, m.p. 207-208® dec. 
(2)), has been obtd. indirectly as stated above. 

® Dimethyl 2,6-dichloroterephthalate: Ifts. from MeOH, m.p. 137-138® (7) (5), 136® 
(6) (3). [From C in MeOH with HCl gas (2), or from 2,5^chloroterephthaloyl 
dichloride in MeOH (6).] 

Diethyl 2,6-dichloroterephthalate : unreported. 

2,6>Dichloroterephthaldiamide : ndls. from aq., m.p. above 300® (6). [From 2,5- 

dichloroterephthaloyl dichloride in ether with NHs (6).] 

3:4985 (1) Bocchi, Oazz. chim. iUd. 26 , II 406 (1896). (2) Levy, Andreocci, Ber. 21 , 1959-1964 
(1888). (3) Wheeler, Giles, J. Am. Chem. Soc. 44 , 2611 (1922). (4) Levy, Andreocci, Ber. 21 , 

1467-1468 (1888). (5) I.G., French 663,781, Aug. 26, 1929; Cent. 1929 , II 2731-2732. (6) 
Levy, Curchod, Ber. 22 , 2109-2111 (1889). (7) Fels, Z. Kriet. 32 , 411 (1900). 


3:4990 


frans-l,2,3,4,6,6-HEXACHLORO 
CYCLOHEXANE 
(/9-Benzenehexachloride) 



CcHeCU 


M.P. 312® (1) 

310® (2) (3) 
297® <4) (5) <6) 


BeU. V - 23 

Vi.( 8) 

Va-(ll) 


[See also a-benzenehexochloride (3:4410).] 

Nine stereoisomeric configurations of benzenehexachloride are possible (cf. (2)) and 
four are known; of these C has definitely been shown (7) to be the sym.-irans stereoisomer; 
a-benzenehexachloride (3:4410) is probably the sym.-ds stereoisomer; the configurations 
of the 7 -i 8 omer, m.p. 112-113® (8), and the fi-isomer, m.p. 129-132® (8), are unknown. 

C cryst. from CeHe (8), ale. (10), or xylene. — C is not volatile with steam (dif. and 
sepn. (10) from a-isomer) but sublimes after melting. — C is sol. in 775 pts. CHCh at 20® 
or in 213 pts. CeHe at 17.25® (9) (note much less soly. than for a-isomer); 100 g. CeHe at 
22® dis. 1.204 g. C (10); 100 g. AcOH at 15.6® dis. 0.289 g. C (10). — C forms with the cf 
isomer a eutectic, m.p. 155.5® (8), contg. 20.3% C (8). 

[For prepn. of C or its mixt. with the or-benzenehexachloride see the latter (3:4410).) 

C is much more unreactive than the a-isomer; e.g., C is unaffected by boilg. ale. KCN 
(3) (10) and is only slightly attacked by boilg. pyridine (8). However, C on boilg. 4 hrs. 
with ale. KOH gives 100% yield (8) of a mixt. of trichlorobenzenes contg. 86.4% 1,2,4- 
trichlorobenzene (3:6420), 8.3% 1,3,5-trichlorobenzene (3: 1400), and 5.3% 1,2,3-trichloro- 
benzene (3:0990) (8). 
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3:4990 (l) Klingstedt, Wiese, Rudback, Acta Acad, Aboensia Math, ei Phya. 4, No. 2, 1-36 (1927) ; 
Cent. 1938, I 604; C.A. 33, 1399 (1929). (2) WilUams, Fogelberg, J. Am. Chem. Soc. 53, 2096- 
2104 (1931). (3) Meunier, Ann. chtm. (6) 19, 223-269 (1887). (4) Tei, Komatsu, Mem. CoU. 

Sci. Kyoto Imp. Univ. lO-A, 325-330 (i927) ; Cent. 1938, 1 2370; C.A. 33, 1086 (1928). (6) Scholl, 

Norr, Ber. 33, 726 (1900). (6) van de \loed. Bull. aoc. chtm. Belg. 48, 256-256 (1938). (7) 

Hendrick, Bilicke, J. Am. Chem. Soc. 48, 3007-3015 (1926); 50, 764-770 (1928). (8) van der 

Linden, Ber. 45, 231-247 (1912). <9) Friedel, Bull. aoc. chtm. (3) 5, 130-138 (1891). (10) 

Matthews, J. Chem. Soc. 59, 165-172 (1891). 


CsHfiOiCl Beil. DC -847 
IXi- 


Cryst. from hot aq. (3), very dil. ale., (3) or 60% ale. (7); sol. in much hot aq., eas. sol. 
ale. or ether. 

[For prepn. of C from 2-aminobenzenedicarboxylic acid-1,4 [Beil. XIV-558, XIVi-(637)] 
via diazotization and use of CU2CI2 reactn. see (3); from 3-chloro-l-methyl-4-isopropyl- 
benzene (3-chloro-p-cymene) (3:8770) by oxidn. with 15 pts. boilg. HNO3 (D = 1.39) 
for 1 day (other prods, are also formed) see (4); from 3-chloro-4-acetylb('nzoic acid (1), 
from 2-chIoro-4-acetylbcnzoic acid (2), or from 3-chloro-4-methylphenyl methyl ketone 
(8) by oxidn. with alk. KMn04 see indie, refs.; from 2-chloro-4-carbamidobenzoic acid (5) 
by hydrolysis with boilg. 26% NaOH see (5); from 2-chloro-4-methylbenzotrichloride (6) 
by hy^olysis with H 2 SO 4 (66° B6) at 70-80° see <6>.] 

Ag2A; pptd. from soln. of (NH4)2A by addn. of AgNOs (3). 

[C with pels (3) or with SOCI2 in pres, of SbClg, AICI3, or SnCl4(7) yields chloroterephthal- 
oyl (di)chloride, b.p. 154-155° at 19 mm. (7).] 

[C on nitration with HNO3/H2SO4 at 65° yields (7) 2-chloro-5-nitrobenzenedicarboxylic 
acid-1,4, cryst. from 50% ale., m.p. 265° (7), 263-264° (8) (this prod, is also obtd. from 
2-chloro-4-methyl-5-nitrophenyl methyl ketone (8) by oxidn.).] 

® Dimethyl chloroterephthalate: Ifts. from Me.OH, m.p. 60° (6) (3), 69-60° (4). [From 
C in MeOH with HCl gas or from Ag2A with Mel (3).] 

Diethyl chloroterephthalate : oil <3). 

Chloroterephthaldiamide: cryst. from dil. aJc., m.p. above 300° (3). [From chloro- 

terephthaloyl (di)chloride (above) with (NH4)2C08 (3).] 

3:4995 (1) Ganguly, LeFevre, J. Chem, Soc. 1934, 851. (2) Ganguly, L^Fevre, J. Chem. Soc. 
1934, 864. (3) Ahrens, Ber. 19, 1637-1639 (1886). (4) Fileti, Crosa, Gazz. chtm. Hal. 18, II 
311, 313 (18^). (5) Magidson, Trawin, Ber. M, 640 (1936). (6) I.G., French 663,791, Aug. 
26, 1929; Cent. 1939, II 2731-2732. (7) I.G., French 810,696, March 24, 1937; Cent. 1937, I 
5048; C.A. 33, 692 (1938). (8) Mayer, Albert, Schdn, Ber. 65, 1296, 1298-1299 (1932). 
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3:5000 PHOSGENE 

(Carbonyl chloride) 


B.P. 


F.P. 


8.2® cor. 

at 756.4 mm. (1) 

[-118® 

(7)1 

8.2® 

at 766 mm. (2) 

-126® 

(6) 

8.1® 

at 766 mm. (3) 

-127.5® 

(5) 

8.02® 

at 760 mm. (4) 

-128® 

(6) 

7.95® 

at 760 mm. (5) 



7.89® 

at 766.8 mm. (4) 



6.96® 

at 760 mm. (6) 




C0a2 Bell m - 13 
ini-( 7) 
ni2-(i3) 

Oi*® = 1.393 (1) 

See Note 2 . 


See Note 1. 

Note 1. For studies of vap. press, of C over range —96.3® (1,1 mm.) to 6.0® (678 mm.) 
|5); over range —88.94® (0,6 mm.) to +12.6° (889.2 mm.) (3); over range —79° (4.0 mm.) 
to +50.0® (6.11 atm.) ( 6 ); over range -23.42® (191.2 mm.) to +25.03® (1410.9 mm.) (4); 
over ranges 0 ® (556.5 mm.) to +27.9® (1540 mm.) and +147.6° (35.6 atm.) to +182.5® 
(56.4 atm.) ( 8 ) see indie, refs. 

Note 2 . For extensive studies on density of liquid C see ( 6 ) (4) (367). 

C at ord. temps, is a colorless g^ with highly characteristic odor. It now is sold com- 
mercially in metal tanks or dissolved in an organic solvent such as toluene or CCI 4 . Iron 
containers which have been used for long periods for storage of C may contain small amounts 
of liquid iron pentacarbonyl. 

C was first prepd. by John Davy in 1812 (9); for extensive history see ( 10 ). For general 
surveys on chemistry of C ( 11 ) ( 12 ) from viewpoint of chemical warfare agent (13) (14) 
(15) (16) (17) (18) (19) see indie, refs.; for a bibhography of C and its derivatives see (35). 


MISCELLANEOUS PHYSICAL PROPERTIES OP C 

[For studies on heat capacity from spectroscopic data (20) and other thermodynamic 
functions of C ( 21 ) ( 22 ) see indie, refs.; for studies on dipole moment (23) (24), dielectric 
const. (25), molecular structure (26) (27), and electron diffraction (28) of C see indie, refs.; 
for study of refractive index of C as gas see (29); for studies of critical temp. (181.75° ( 8 ), 
183® (30), 187° (4)) and critical press. (55.3 atm. ( 8 )) see indie, refs.] 

C is readily sol. in CeHc, toluene, or AcOH [for studies of solubility of C in CeHe at 20® 
(31), toluene over range 17-31.5° ( 6 ), xylene ( 6 ), EtOAc at 20 ® (31), nitrobenzene ( 6 ), 
CCI 4 (3:6100) at 20 ® (31), 1 , 1 , 2 , 2 -tetrachloroethane (3:6750) ( 6 ), chlorobenzene (3:7903) 
( 6 ), or 1-chloronaphthalene (3:6878) ( 6 ) see indie, refs.; for soly. of C in various org. 
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solvents at pressures below 1 atm. see (32) cf. (33); for patent on removal of C from con- 
taminated drinking water by extraction with org. solvents see (34)]. 

(For technical papers (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) and patents (46) 
on adsorption of 0 by various forms of carbon see indie, refs.] 

[For influence of C in extinction of H/0 flames see (47).] 

PHYSIOLOGICAL ASPECTS OF C 

C is more than ten times as toxic as Cb. An atmosphere contg. 1 part by vol. of C in 
6000 may cause lung injuries in 2 min., 1 part in 30,000 is very dangerous, and 1 part in 
200,000 is probably fatal for exposures of 30 min. The maximum permissible conen. for 
prolonged exposure is about 1 p.p.m., i.e., 0.004 mg. /I. (48). 

The least detectable odor of C is 5.6 p.p.m., the least conen. that affects the throat is 
3.1 p.p.m., the least conen. that causes irritation of the eyes is 4.0 p.p.m., the least conen. 
that causes coughing is 4.8 p.p.m. (48) (49). A conen. of 0.02-0.05% is lethal to most 
animals in a short time, a conen. of 0.0025% is dangerous for exposures of 30-60 min., 
and the maximum conen. to which animals can be exposed for several hours without serious 
effects is 0.0001% or 1 p.p.m. (48) (50). 

[For report of industrial accidents from C (51), for legal (British) aspects of industrial 
poisoning by C (52), for toxicology and treatment of poisoning by C (53), for immuniza- 
tion against C (54), for variations in toxicity of C for small animals with duration of ex- 
posure (55) see indie, refs.] 

[For studies relating to chemical warfare aspects of C with respect to foodstuffs see 
(66) (57).] 

USES OF C 

Apart from the uses of C as a chemical warfare agent (above), many chemical utilizations 
are indicated below under its chemical behavior. [In addition will be mentioned here a 
few further examples as follows: for use of mixt. of C -f HF for cracking of hydrocarbon 
oils see (58); for use as dehydrating agent in conversion of amides to corresp. nitriles see 
(59); for use in sepn. of Pt metals see (60).] 

DETECTION OF C 

C may be detected by its characteristic odor (see above) and by various color reactions 
of which the following represent the more important types. 

For detection of C by the yellow or orange color produced by reaction with Harrison’s 
reagent (a soln. in EtOH (100 ml.) of p-dimethylaminobenzaldehyde [Beil. XIV-31, XIVi- 
(360)1 (5 g.) (for prepn. see (61)) and of diphenylamine [Beil. XII-174, XIIi-(163)] (5 g.)) 
see (62) (63) (64) (65) (66) (67) (68) (69) (70) (71) (83); note that this test suffers inter- 
ference from HCl, Cb, CISO3H, TiCb, chloromethyl chloroformate (3:5275), diphosgene 
(3:5515), and triphosgene (3:1915); for application of this reagent in an absorptive tube 
see (72) cf. (73). 

For detection of C by green color imparted to a test paper impregnated with a xylene 
soln. of 0.5% 6-nitroso-3-dimethylaminophenol (4-dimethylamino-o-benzoquinoneoxime-l) 
[Beil. XIV-131] and a xylene soln. of 0.5% m-diethylaminophenol [Beil. XIII-408, XIIIi- 
(130)1 see (74) (75) (76). 

For spot test detection of C by use of phenylhydrazine cinnamate (for prepn. see (77)) 
in CHCI3 or CCI4 followed by treatment with 1% CUSO4 soln. to give a red-violet color 
from the 1,5-diphenylcarbohydrazide [Beil. XV-292, XVi-(72)l produced see (78). 

For study of detection of C with resorcinol (1:1530) or vanillin (1:0050) see (79); by 
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indirect use of the Gilman color test for HMgX compounds see ‘(80) cf. (81); for study of 
utility of various dyestuffs in detection of C see (82). 

DETERMINATION OF C 

Methods for the quant, detn. of C may be classified under three main types according 
to whether they are based upon hydrolysis, reaction with alkali iodides, or reaction with 
aniline. 

Detn. by methods based on hydrolysis. [For studies of methods based upon alkaline 
hydrolysis of C and subsequent detn. of resultant chloride ion see (83) (84) (^) (86) (87) 
(88) (89) (90); for especial criticism of this method see (91).] 

Detn. by reaction with alkali iodide. [For studies of methods based upon reaction of 
C with Nal (92) (91) or KI (93) in acetone followed by thiosulfate titration of the liberated 
I2 see indie, refs.] 

Detn. by reaction with aniline. [For study of methods based upon reaction of C with 
aniline and gravimetric estn. of the resultant iV,N'-diphenylurea (carbanilide) (94) (95) 
cf. (91) or titration of the residual aniline HCl in the filtrate (96) see indie, refs.] 

Related topics. [For detn. of small amts. CI2 in pres, of C (97), of HCl in C (98) (85), 
for analysis of mixts. of C + CI2 + NOCl (99), for anal, of mixts. of C with CO, CC^, CI2, 
CCI4, C2CI6 (88) (86), for anal, of industrial C (89), or for detn. of C in air by means of an 
ultraviolet photometer (R. H. Tri-Per Analyzer) (100) see indie, refs.] 

PREPARATION OR FORMATION OF C 

From CO •4' CI2. The photochemical reaction of CO with CI2 to yield C was the method 
by which it was first prepared in 1812 (9) (for extensive history see (10)). Over the years 
the reaction has been very extensively studied. The more important earlier reports include 
those of Wilm and Wischin (101), Wildermann (102), Dyson and Hardin (103), Weigert 
(104), Coehn and Becker (105), Chapman and Gee (106), etc. Since 1920 the number of 
studies of this reaction has so greatly increased as to preclude in this text any detailed 
analysis; however, the following references ((107)-(134), inch) arranged in receding chronol- 
ogy will be found fruitful from one viewpoint or another. 

[For studies on formn. of C from CO 4- CI2 in dark at 349-452® (135) in liq. medium (145), 
or over cat. such as Pt at 300-400® (136), activated carbon (6) (137), or AICI3 at 30-35®, or 
in CHCI3 soln. (138) see indie, refs. — For formn. of C from CO 4- NOCl over activated 
carbon at 100-250® see (139) cf. (137).] 

[For formn. of C from CO passed over heated AgCl (140) (141), over CuCb, PbQ2, or 
NiCl2 at 450-750® (141), over heated AuCls (142), or through boilg. SbCU (143), or over 
chlorides of Pt metals (144) see indie, refs.] 

From various chlorinated hydrocarbons. From CCU, [For studies on formn. of C 
from CCI4 (3:5100) during use of latter as fire extinguisher gee (146) (84) cf. (147) (368): 
for patents on repression of formn. of C in such use see (148) (149) (150) cf. (368); for formn. 
of C from CCI4 fire extinguishers on Mg see (151); for phosgene content of smoke from 
Berger mixt. (Zn 4- chlorohydrocarbons) see (152).] 

[For formn. of C from CCI4 with O2 in light of 2537 A (153) or with atomic oxygen (164) 
see indie, refs.] 

[For formn. of C from CCI4 by chemical oxidizing agents such as O2 over white-hot Pt 
(155), air over CuCU or FeCla at elev. temp. (156), Ge02 (167), chromic acid (1) (158), 
pyrosulfuryl chloride (1 mole) 4- sulfuric acid monohydrate (2 moles) on warming (158) 
(159) (160) (161) (162) (163) see indie, refs.] 

[For formn. of C from CCI4 by passing with CO2 over pumice at 360® (164), by htg. with 
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ZnO at 200® (164), with PjOs at 200-220® for 2 days (166), or over gypsum at 900® (166), 
or even by htg. with a little aq. in s.t. at 260® (220) see indie, refs.] 

From CHCh. [For an extensive account of formn. of C from CHCI3 (3:5050) by oxidn. 
in air and light see (167). Note that such oxidn. is not effected by air in absence of light, 
nor by light in absence of air (168). With limited air in sunlight CHCI3 reacts according 
to equation CHCI3 + O — > COCI2 + HCl, but with excess air in sunlight in sense 2CHCI3 + 
50 2CO2 + 3CI2 + H2O (169). Note that CHCI3 + air over dry KOH gives some C 
(170). For studies on photochem. oxidn. of CHCI3 (171) in tropical sunlight (172) including 
search for possible intermediate peroxides (173) (174) see indie, refs. For studies of CI2- 
sensitized photochem. oxidn. of CHCI3 see (175) (176) (177). For oxidn of CHCI3 by 
atomic oxygen see (154).] 

[For formn. of C from CHCI3 (3:5050) by shaking with siloxen + excess O2 (178), by 
action of O3 (179) (180), by passing over CuO at 350-550® (181) or gypsum at 900® (166), 
with K2Cr207 + H2SO4 (1) (158), with CISO3H at 120® (187), or during explosion of CHCI3 
with alkali metals (182) see indie, refs ] 

From Cl 2 C=CCl 2 . [For formn of C from tetrachloroethylcne (3:5460) during CI2- 
sensitized photochem. oxidn. see (183) (184) (185) ] 

From CI 2 C—CHCI. [For formn. of C from trichloroethylene (3:5170) with air or O3 
see (186).] 

From various compounds containing the trichloromethyl group. [For formn. of C from 
trichloroacetaldehyde (chloral) (3:5210) by Cli-sensitized (188) or Br2-scnsitizcd (189) 
photochem. oxidn. with O2 at 70-90®, with CI2 in sunlight (190), or with AICI3 on warming 
(191) see indie, refs.] 

[For formn. of C from trichloroacetic acid (3:1150) on htg. with ZnCh (192), on illuminat- 
ing dry acid in pres, of air (193), or on electrolysis of aq. soln. (194) see indie, refs.; from 
trichloroacetyl chloride (3:5420) at 600® (195); from trichloroacetonitrile m air (196); 
from trichloroacetyl hydrogen peroxide on warming (200); from trichlorobromomethane 
4- Br2 + O2 in light (197) see indie, refs.] 

[For formn. of C from di- (trichloromethyl) carbonate (triphosgene) (3:1915) on distn. 
(198), htg. at 200° in s.t. (199), or on mixing with charcoal and htg. just above m.p. (78°) 
(198) see indie, refs.; from trichloromethyl chloroformate (diphosgene) (3:5515) on htg. 
above 300° (200) (209) or on contact with activated carbon, charcoal, or iron oxide at ord. 
temp. (198); from methyl trichloromethyl carbonate [Beil. 111-17, IIIi-(8), IIl2-(15)], 
b.p. 67-58° at 17 mm. <204), £>1^ = 1.5228 <204), niJ = 1.4487 <204), on boilg. at ord. 
press. (202) or on warming with AICI3 (203) (204); from ethyl trichloromethyl carbonate, 
b.p. 78° at 19 mm. (204), = 1.4205 (204), no = 1.4450 (204), or from n-propyl tri- 
chloromethyl carbonate, b.p. 93° at 12 mm. (204), = 1.359 (205), = 1.4451 (205), 

on warming with AICI3 (203); from isoamyl trichloromethyl carbonate, b.p. 120° at 23 mm. 
(204), DJ® = 1.2644 (204), nf? = 1.4466 (204), phenyl trichloromethyl carbonate [Beil. 
VIi-(88)], m.p. 70.5° (204), or p-tolyl trichloromethyl carbonate (206) on warming with 
aq. (but not with aq. NaOH) (206); from (trichloromethyl) oxalate [Beil. 111-17] at 350- 
4()0® (207); or from trichloromethyl perchlorate (208) see indie, refs.] 

[For formn. of C from trichloronitromethane (chloropicrin) [Beil. 1-76, Ii-(20), l2-(41)l 
in U.V. light (210), on boilg. (at 112°) under ord. press. (211), on passing with HCl over 
pumice at 400° (212), or on treatment with fuming H2SO4 (20% SO3) at 100° (213) see 
indie, refs.] 

From miscellaneous sources. [For formn. of C from CO2 + CCI4 (3:5100) -|- cat. at 
elevated temp. (225), from CS2 with aqua regia (214) or CI2O (215); from COS with CI2 
at red heat (1); from COS over fused CuCl2 (1) or through boiling SbCls (1); from thio- 
phosgene with air or O2 under various conditions (216); from anhydrous Na2C03 with 



611 


LIQUIDS WITH Df > 1.15 


3:5000 


PCIb {217); from pentachloropropionyl chloride (3:0470) with AICI 3 at 60® (218); from 
oxalyl (di)chloride (3:6060) at 6 P 0 ® or with AiCla in CS 2 on warming (219) see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

Pyrolysis of C. C on heating above 300° decomposes in two ways: (1) into CO + CI 2 
(CO equilibrium) and ( 2 ) into CO 2 + CCI 4 (CO 2 equilibrium). The extent of these 
reactions together with the influence of various factors has been extensively studied. 
[For a concise summary of earlier work see the review of Dyson (11); for many important 
details see the original references represented by (225) (221) (222) (5) (135) ( 6 ) (223) (224).] 

Photochemical decompn. of C. [C on exposure "to short-wave u.v. light decomposes 
yielding (105) (226) CO + CI 2 ; for more recent studies of this photochem. decompn. see 
(227) (228) (229) (230) (231); for application to problem of separation of isotopes of CI 2 
see (232).] 

Electrolysis of C. [C or a soln. of AICI3 in C upon electrolysis gives (233) CO + CI 2 .] 

Behavior of C with Inorganic Reactants 

Reduction of C. [C + H 2 in u.v. light at 10® gives CO + HCl -f traces of formaldehyde 
(1:0145) but at 80® gives CO + CO 2 + CH 4 -j- HCl (234). — C + H 2 over Pd or Ni on 
pumice, or over vanadium carbide, at 300-450° gives (235) cf. (236) CO + HCl -|- small 
amts, formaldehyde (1:0145) cf. (229).] 

Oxidation of C. [For study of photochem. oxidn. of C see (230).] 

Hydrolysis of C. Contrary to earluT reports C with aq. is almost instantly hydrolyzed 
but the rate is influenced by the manner in which contact is effected and whether the aq. 
is in vapor or liquid state. [For studies on the hydrol. of C see (237) (4) (96) (238); for 
study of rate of hydrolysis in dioxane at 25° (239) or in toluene at 25° and at 45° (240) 
see indie, refs.] 

Behavior of C with metal oxides, sulfides, or phosphates. [C with metallic oxides on 
htg. at 250-600° (depending upon the metal) gives the corresp. metal chloride which in 
some cases, e.g., I'eCla, ThCU, readily sublimes in pure form; for examples of this reaction 
see (241) (242) (243); for use in prepn. of AK^asee (249).] 

[C on htg. with metal sulfides gives (246) COS [Beil. III-131, lllr(61), IIl2-(104)], 
b p, —50.2° (244), f.p. —138,2° (244) (use with CdS in prepn. (245)), and the metal chloride 
cf. (241).] 

[C on htg. with certain phosphates (247) gives CO 2 -f- POCI 3 -f metal chloride (use in 
prepn. of POCI 3 (248)).] 

Analogs of C. Carbonyl fluoride. [This compound, b.p. -83.1° (250), m.p. -114.0° 
(250), has been prepd. from AgF^ -f CO (250), F 2 + CO (251)_cf. (250), or from acetone 
with F 2 (252), but has not been reported from C. Note that C with HF at 80° and 280 
Ib./sq. in. in Cu bomb gives (25-50% yield (253)) carbonyl chlorofluoride, COCIF, b.p. 
-42°, m.p. 138° (253).] 

Carbonyl bromide, [C with BBra at 150° (254) or with AlBrs (265) gives carbonyl bromide. 
Beil. IH-20, IIIi-(9), IIl 2 -( 7 )], but this prod, is better prepd. from CBr 4 by oxidn. with 
cone. H 2 SO 4 (256) (257) (258) (for study of photochemical oxidn. see (259)); for studies 
of structure (26) and pyrolysis (260) (261) (262) see indie, refs.] 

Carbonyl cyanide. [This compound, b.p. 65.0-65.5° (263), =* 1.124 (263), nf> 

1.3919 (263), has been prepd. from acetone-a,a'-dicarboxylic acid (1:0485) by conversion 
(264) to di-isonitrosoacetone [Beil. 1-806, l2-(413)], thence to diacetyl-di-isonitrosoacetone 
(263), then acetoximinoacetyl cyanide (263) which was then pyrolyzed at 160-180° and 
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210-220 mm. (263) cf. <265). For formn. using propionyl (instead of acetyl) derivatives 
see (266).] 

Behavior of C with inorganic acids. [C with HF as directed (250) (see analogs of C 
above) gives carbonyl chlorofluoride. — C with HBr does not react even at 200° (267). — 
C as liq. does not react with HI, but C as gas reacts with HI gas even at room temp, with 
sepn. of h (267).] 

Behavior of C with inorganic salts. [C with KI or Nal in acetone solns. gives CO -f I 2 
(use in detn. of C (91) (92) ( 93 )).] 

[The behavior of AICI3 with C has been extensively studied; for studies of solns. of AICI3 
in liq. C from viewpoint of vapor pressure (268), density (269), and conductance (270) 
see indic_. refs. — For general studies of liq. C as solvent (271) (272) including studies on 
system C + CI2 (273) and on phosgeno salts such as calcium phosgeno-aluminate (274) 
(275) and others (276) see indie, refs.] 

Behavior with various inorganic nitrogen compounds. Wiih NIh. [C in Igr. (277) or 
CeHe (278) gives urea, biuret, cyanuric acid, cyamelide, ammelide, etc.; C as gas with NH3 
as gas gives urea (279) cf. (280) (143), guanidine, cyanuric acid (281), and cyamelide (282). 

— For reaction of C in toluene soln. with aq. NH 4 OH as a source of isocyanic acid see (283). 

— Note also that C with sodamide reacts in cold in sense COCI 2 + 3NaNH2 — ♦ NaNCO + 
2NaCl + 2 NH 3 , but at about 250° in sense COCI 2 -f 5 NaNH 2 -> Na 2 N— C^N + 2NaCl 4- 
NaOH + 3 NH 3 (284).] 

[0 with NH 4 CI at elevated temps., e.g., 200-4(X)°, gives (285) (286) carbamyl chloride, 
NH 2 .CO.Cl [Beil. III-31, IIIi-(15)], b.p. 61-62° dec. (285). — For study of analogous 
carbamyl fluoride and carbamyl bromide (previously unknown) see (287).] 

With hydroxylamine. [For studies on behavior of C with NH 2 OH see (288) (289).] 

With hydrazine. [C with 1 mole hydrazine would be expected to give iV-aminocarbamyl 
chloride, NH 2 .NH.CO.Cl, but this compound appears to be unknown; C with 2 moles 
hydrazine should yield iV,Ar'-diaminourea (carbohydrazide) [Beil. III-121, IIIi“(67), 
IIl2-(96)], but this compound has not been reported as prepd by this method.] 


Behaviob of C with Organic Reactants 

With hydrocarbons. [For studies on photochem. reaction of C with alkanes (290) or 
with cycloalkanes (291) or with aliphatic or alicyclic acid chlorides (292) as a means of 
replacement of hydrocarbon H atoms by the CO.Cl group see indie, refs. — For reaction 
of C with satd._^ nonaromatic hydrocarbons in pres, of cat. yielding ketones see (293). — 
Note also that C with CH 4 -f H 2 -f cat. is claimed (236) to give acetaldehyde (1:0100).] 

C with aromatic hydrocarbons in pres, of a Friedel-Crafts' type cat. condenses according 
to conditions with either one or two moles of hydrocarbon yielding, respectively, the cori'esp. 
acid chloride or ketone. No attempt can be made here to collect the reported cases of 
these types since the many acid chlorides contained in this book afford numerous examples. 

[C with ethylene 4 - AICI3 in CS 2 adds to the unsatd. linkage giving (295) (296) (297) (298) 
^-cWoropropionyl chloride (3:5690) although the method has been questioned (299) (300). 
r— C with propylene -|- AICI3 as directed (301) gives /5-chloroisobutyryl chloride (3:9101).] 

[C with acetylene (302) or acetylene homologs (303) gives complex condensation products 
suitable for molding.] 

With alcohols. C with alcohols reacts according to circumstances with either 1 mole 
alcohol giving the corresponding chloroformate (chlorocarbonate) esters, or with 2 moles 
alcohol giving the corresponding carbonate ester. The countless known cases cannot 
here be cited in detail but the following examples are given; see also the summarv of Dvson 
(308). 
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C with MeOH (1:6120) gives (304) methyl chloroformate (3:5075) q.v. and/or dimethyl 
carbonate (1 : 3046) ; C with EtOH (1 : 6130) gives ethyl chloroformate (3 : 7295) q.v. and/or 
diethyl carbonate (1 : 3150) ; C with nrPrOH (1 : 6150) gives nrpropyl chloroformate (3 : 7540) 
q.v. and/or di-n-propyl carbonate (1:3373); C with isopropyl alcohol (1:6135) gives 
isopropyl chloroformate (3:7405) q.v. and/or di-isopropyl carbonate (1:3261); C with 
n-butyl alcohol (1:6180) gives n-butyl chloroformate (3:7980) q.v. and/or di-n-butyl 
carbonate (1 : 3626) ; C with isobutyl alcohol (1 : 6165) gives isobutyl chloroformate (3 : 7760) 
q.v. and/or di-isobutyl carbonate (1:3501); C with ri-AmOH (1:6205) presumably gives 
n-amyl chloroformate (3:9380) q.v., but di-n-amyl carbonate appears to be unreported; 
C with isoamyl alcohol (1:6200) gives isoamyl chloroformate (3:8215) q.v. and/or di- 
isoamyl carbonate (1:3937). 

C with aUyl alcohol (1:6145) gives allyl chloroformate (3:7487) q.v. and/or diallyl 
carbonate; C with cyclohexanol (1:6415) gives cyclohexyl chloroformate (3:5770) q.v.; 
C with benzyl alcohol (1:6480) gives benzyl chloroformate (3:9565) q.v. — [For analogous 
reaction of C with unsatd. monohydric alcohols such as methallyl alcohol, crotyl alcohol, 
etc., see (305).] 

C with monohydroxyethers gives analogous products: e.g., C with /8-methoxyethanol 
(1:6405) gives /3-methoxy ethyl chloroformate (3:9140) q.v.; C with /3-ethoxyethanol 
(1:6410) gives /5-ethoxyethyl chloroformate (3:9280) q.v. — [For reaction of G with 
polyhydroxyethers such as diethylene glycol (1:6525), triethylene glycol (1:6538), tetra- 
ethylene glycol, etc., giving corresp. 6w-(chloroformates), see (306).] 

[For study of behavior of C toward various alkali alkoxides see (307).] 

[Note that C as liq. reacts with enol form of acetone (1:5900) in ^ hr. at room temp, 
giving (330) isopropenyl chloroformate (3:7358).] 

With phenols. The reaction of C with phenols is more sluggish than with alcohols, and 
the corresp. diaryl carbonates are usually obtained from C with 2 moles of the correspond- 
ing sodium phenolate cf. (308). 

[C (as liquid) with phenol (1 : 1420) in s.t. at 140-1 50*" (309), or C in toluene (310) or 
trichloroethylene (3:5170) (311) with aq. phenol (311) or aq. Na phenolate (310), or C 
with Na phenolate in toluene (312), or C with 10% aq. Na phenolate at 30® (313) gives 
(yields: 45% (312), 44% (313)) phenyl chloroformate [Beil. VI-159, VIi.(88), Vl2-(157)1, 
b.p. 97-98® at 25 mm. (310), 83-84® at 12 mm. (313), ni} = 1.5180 (313); for use as acylating 
agent see (314).] 

[C in toluene shaken with a soln. of o-cresol (1 : 1400) in aq. NaOH (310) (315) gives 
o-tolyl chloroformate [Beil. VI-356], b.p. 119® at 35 mm. (310), 114® at 25 mm. (310). — 
C in toluene shaken with a soln. of ?7i-cresol (1 : 1730) in aq. NaOH (315) gives m-tolyl 
chloroformate [Beil. VI-379], b.p. 103® at 22 mm. (315). — C in toluene shaken with a soln. 
of p-cresol (1 : 1410) in aq. NaOH (315), or C passed as gas into aq. Na p-cresolate below 
10® (316), gives (78-80% yield (316)) p-tolyl chloroformate [BeU. VI-398, Vl2-(380)], 
b.p. 108® at 30 mm. (315) (316).] 

Countless other phenols behave with G in generally similar fashion but cannot be detailed 
here. 

With carboxylic and sulfonic acids. C with carboxylic acids or sulfonic acids or their 
salts at elevated temps, or in pres, of tertiary bases effects conversion to the corresponding 
carboxylic acid chlorides or sulfonyl chlorides. 

[E.g., C with AcOH (1 : 1010) at 110-120® (317), or at 160® over MgCL on diatomaceous 
earth (318) cf. (319) (320), or C with NaOAc at 120® under press. (321), or C with AcaO 
(1 : 1015) H- cat. (322) gives acetyl chloride (3:7065). — G with chloroacetic acid (3: 1370) 
over activated carbon at 200® gives (323) chloroacetyl chloride (3:5235). — G with an- 
hydrous oxalic acid (1:0535) in pres, of tertiary amines yields (324) oxalyl (di)chloride 
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(3:5060). — C with cinnamic acid (1:0735) in pres, of tertiary amines yields (324) cin- 
namoyl chloride (3:0330). — C with phenoxyacetic acid (1:0680) in pres, of tertiary 
amines yields (324) phenoxyacetyl chloride (3:8790). — C with lauric acid (1:0605) at 
140-150® gives (85-90% yield (325)) lauroyl chloride (3:9858). — C with palmitic acid 
(1:0650) at 140-150° gives (70-75% yield (325)) palmitoyl chloride (3:9912). —C with 
stearic acid (1:0660) at 140-150° gives (70-75% yield (325)) stcaroyl chloride (3:9960). — 
C with oleic acid (1:0565) gives (325) oleoyl chloride (3.9940).] 

[C with benzoic acid (1:0715) at 140-200° (326), or in pres, of tertiary bases or their 
salts (324), or C with AgGBz in s.t. at 100° (327) gives benzoyl chloride (3:6240). — C 
with salicylic acid (1:0780) in toluene (.328) or in CgHe in presence of tertiary bases (324) 
gives salicyloyl chloride (3:0085). — C with furoic acid (1:0475) under press, at not 
above 100° gives (329) furoyl chloride (3:8515).) 

[Many other cases including sulfonic acids, e.g., (324), cannot be detailed here.] 

With amines. With primary amines. C with primary amines reacts in various ways 
according to conditions to yield N-alkyl (or aryl) carbamyl chlorides, iV-alkyl (or aryl) 
isocyanates, or Ar,N'-dialkyl (or aryl) ureas. Examples of these types of reaction are 
included below. 

|C with CH 3 NH 2 .HCI at 250-300° gives (285) (331) A’-methylcarbamyl chloride [Beil. 
IV-64]; for stabilization of this prod, by formn. of insol. compds. with AICI 3 , etc., see (332); 
note that treatment with CaO causes loss of HCl giving (285) methyl isocyanate [Beil. 
IV-77, IVi-(337), IV2-(578)], best prepd. by other means, e.g., from NaNs with AC 2 O (333) 
or AcCl (334) (335). — C with CH 3 NH 2 in CeHe + aq. alkali, however, gives iV,N'-di- 
methylurea [Beil. IV-65, IVr(331), IV2-(568)], m.p. 106°.] 

[C with C 2 H 6 NH 2 .HCI at 250-300° gives (285) iV-ethylcarbamyl chloride [Beil. IV- 
114]; note that treatment of this prod, with CaO causes loss of HCl giving (285) ethyl 
isocyanate [Beil. IV-122, IVi-(357), IV2-(613)], b.p. 60°.] 

[C with other primary aliphatic or cycloaliphatic amine hydrochlorides under conditions 
such that HCl is removed from reaction mixt. gives corresp. isocyanates (336) cf. (337).] 

[C with aniline hydrochloride presumably yields iV-phcnylcarbamyl chloride [Beil. 
XII-346, XIIi-(230)J, m.p. 58-59°, but this compound is usually prepd. by other means 
(338) (339) since it readily loses HCl at 90-100° or by action of aq. or aq. alk. (340) giving 
phenyl isocyanate; for stabilization of V-phenylcarbamyl chloride by formn. of molecular 
compound with AICI 3 see (332). — C in dry aniline (341) or aq. aniline (342) (96) gives 
iVjV'-diphenylurea (carbanilide) [Beil. XII-352, XIIi-(233)], m.p. 238°; for use of this 
reaction as method of quant, detn. of C see (94) (95) cf. (91). — C with fused aniline HCl 
or carbanilide (343), or C with aniline HCl in Celle at 120° under press. (344) cf. (337), 
giv^ phenyl isocyanate [Beil. XII-437, XIIi-(259)], b.p. 166°.] 

C with countless other arom. prim, amines behaves in generally similar fashion but 
details cannot be included here [however, for reaction of C with p-nitroaniline in EtOAc 
soln. giving V-p-nitrophenylcarbamyl chloride which on recrystn. from CCI 4 loses HCl 
yielding p-nitrophenyl isocyanate see (345) (346) (347)]. 

WUh secondary amines. [C with (CH 3 ) 2 NH in CeHe at 0° (348) (349), or C over fused 
(CH 3 ) 2 NH.HC 1 (350) (351), gives ATjAT'-dimethylcarbamyl chloride [Beil. IV-73], b.p. 167°, 
which with dimethylamine in CeHe yields (349) iV,N,V',JV'-tetramethylurea [Beil. IV-74, 
IVi-(335), IV 2 -( 574 )], liquid, b.p. 177°.] 

[C with (C 2 H 5 ) 2 NH.HC 1 at elev. teihp. (350), or with (C 2 H 6 ) 2 NH in CeHe (352), gives 
NjAT-diethylcarbamyl chloride [Beil. IV-120, IV2-(611)], liquid, b.p. 186-190°, which with 
diethylamine gives (353) cf. (354) V,Ar,Ar',Ar'-tetraethylurea [Beil. IV-120, IV2-(611)1, 
liquid, b.p. 210-215°.] 

[C with piperidine HCl would be expected to give V-piperidylformyl chloride (“ penta- 
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methylenecarbamyl chloride ”) [Beil. XX-54J, b.p. 237-238®, but this compound has been 
reported only by other means.] 

C with aromatic secondary amines behaves in generally analogous fashion but cannot 
be detailed here. 

Wtih tertiary amines. [C with iV,iV’-dimethylaniline at ord. temp, is claimed (356) <356) 
to give 4,4'-6i«-(dimethylamino)benzophenone (“ Michler's ketone ") [Beil. XIV-89; 
XIVi-(391)], m.p. 174°. However, C passed into boilg. iV,Ar-dimethylaniline evolves 
CH3CI (3:7005) and gives (almost quant, yield <357)) iV',iV '-dimethyl-.^, ^'-diphenylurea 
[Beil. XII-418, XIIi-(251)], m p. 121° — Similarly, C with boilg. iV,iV'-diethylaniline 
evolves C 2 H 6 CI (3:7015) and gives iV,JV'-diethyl-iV,i\r'-<iiphenylurea [Beil. XIl-422], 
m.p. 79°.] 

[For use of C in sepn. of a mixture of aniline, iST-ethylaniline, and iV',iV^-diethylaniline 
see (361).] 

With arylhydrazines. [C in toluene added to cold ether soln of phcnylhydrazine gives 
<358) 1,5-diphenylcarbohydrazide (“ diphenylcarbazide ”) [Beil. XV-292, XVi-(72)], 
m.p. 175-175.5° u.c. when pure <359). For use of this reaction, followed by CuSOi treat- 
ment of the resultant product, as a delicate test for C see (78).] 

With other nitrogenous organic reactants. [For a concise review of behavior of C with 
other nitrogenous classes such as amides, amidoximes, tliioureas, tliiosemicarbazides, etc., 
see the review of Dyson (360).] 

With hexamethylenetetramine C with hexamethylenetetramine in CHCI 3 gives <362) 
<363) (364) a compound of compn C. 2 C 6 H 12 N 4 , m p 187-190° dec., (363) 196-197° from 
MeOH (364). — [For use of hexamethylenetetramine in paints protective against C see 
(365); for use of alumina or silica gels contg. hexamethylenetetramine as absorbents for C 
see (366).l 
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(1937): Russian 44,656, Oct. 31, 1935; Cent. 1936 , 1 3576; C.A. 32 , 2955 (1938). (362) Puschin, 

Mitic, Ann. 632 , 300-301 (1937). (363) Puschin, Zivadinovic, Bull. soc. chim. roy. Yougoslav. 6 , 
165-168 (1936), Cent. 1936 , II 794; C.A. 30 , 4422 (1936). (364) Dominikiewicz, Arch. Chem. 

Farm. 3 , 248-254 (1937) ; Cent. 1938 , II 321; C.A. 32 , 4522 (1938). (366) Evans, Paint Manuf. 8 , 
153-168 (1938); C.A. 32 , 5529 (1938). (366) Patrick, U.S. 2,400,709, May 21, 1946; C.A. 40 , 

5507 (1946). (367) Davies, J. Chem. Phys. 14 , 48-49 (1946). (368) Biesalski, Angew. Chem. 47 , 

149-151 (1934). 

3:5005 1,1-DICHLOROETHYLENE H2C=C~C1 C 2 H 2 CI 2 Beil. I - 186 
(Vinylidene (di) chloride; L Ii-( 77) 

t«n«2^.-dichloroethylene) l2-(168) 

B.P. 31.7® at 760 mm. (1) F.P. - 123.1® (1) = 1.3139 (1) nf? = 1.4349 (1) 

Care must be taken to avoid confusion of C with vinyl chloride (3:7010), with 1,2- 
dichloroethane (ethylene (di)chloride) (3:5130), or especially with the isomeric com- 
pounds as-l,2-dichloroethylene (3:6042), fron^l,2-dichloroethylene (3:6028), or their 
ordinary mixture (3:5030). 

0 when pure is colorless liq. with mild and characteristic odor; note, however, that at 
temps, above 0® and especially in pres, of oxygen or other cat. C polymerizes to a white 
powder insoluble in the monomeric C. (For much further comment on polymerization 
see below.) 

PREPARATION OF C 

[For prepn. of C from 1,1,2-trichloroethane (3:6330) by elimination of 1 HCl with ale. 
KOH (2) (by this process C was initially prepared (3)), or with excess aq. Ca(OH)2 at 
70-80® (90% yield (4)) (5), or with aq. or ale. NH3 at ord. temp. (100% yield (7)), or with 
Na in dry ether (36) see indie, refs.; from 1,1,1-trichloroethane (3:5085) with excess aq. 
CJa(OH)2 at 79-80® see (4) (5); for formn. of C (as by-product of the isomeric 1,2-dichloro- 
ethylenes (3:6030)) from trichloroethane by catalytic pyrolytic dehydrochlorination see 
( 6 ).] 

[For prepn. of C from 1,1,1,2-tetrachloroethane (3:5555) by loss of HCl by actn. of 
aq.' + Fe, Zn, or Cd on warming under reflux see (8); from l-bromo-l,l,2-trichloroethane 
by loss of Br-4D1 with Zn dust -1- boilg. ale. see (37).] 

[For formn. of C (together with vinyl chloride) from ethyl trichloroacetate (3:6960) 
by aotn. of Zn in ale. see (9).] 

[For formn. of C (20% yield) from 1,2-dichloroethane (ethylene (di)chloride (3:5130) 
with CI2 m pres, of AlCla/NaCl/FeCls at 409-480® see (10); note that some 22% 1,2- 
dichloroethylenes (3:5030) -1- 29% trichloroethylene (3:6170) -f 29% higher chlorination 
prods, are also formed.] 

PURIFICATION AND STABILIZATION OF MONOMERIC C 

[For purification of C by distn. as an azeotrope with MeOH, followed by removal of 
the latter by extraction with aq., see (11).] 
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Many compds. recommended as stabilizers or polymerization inhibitors for mono- 
meric C have been described in patents: e.g., see (12) (13) (14) (15) (16). 

CHEMICAL BEHAVIOR OF MONOMERIC C 

C + chlorine. [C with CI2 at 25-35® in pres, of absence of cat. adds 1 mole halogen 
giving (85-92% yield (17)) 1,1,1,2-tetrachloroethane (3:5555).] 

C + bromine. C with Br2 adds 1 mole halogen yielding (18) l,l-dichloro-l,2-dibromo- 
ethane [Beil. 1-93], oil, b.p. 175® at 760 mm. decg., 65® at 13 mm., f.p. —66.85®, Dj* « 
2.2203, Df = 2.2449, = 2.2695, ng = 1.55930 (18). 

C -f hydrogen chloride. C with dry HCl gas at 25-35® in pres, of AICI3 or FeCls adds 
1 mole HCl giving (85-90% yields (19) (20)) 1,1,1-trichloroethane (3:5085). 

C -f hydrogen bromide. The addition to C of HBr appears to be unreported. 
Poljrmerization of C. Polymerization of C either with itself or with other cpds. (es- 
pecially other substituted ethylene derivs.) leads to a large group of industrially important 
materials broadly designated as “ vinyhdene polymers.** Certain plasticized and stabilized 
copolymer compositions have been named “ Saran.** [For extremely valuable compre- 
hensive reviews of this general field see (1) (21) (22); in view of the comprehensive surveys 
and prior literature (including patents) references given (especially in (1)), the following 
text will in general include only citations since 1942.] 

C when carefully purified and free from oxygen polymerizes only very slowly; however, 
in the pres, of various catalysts, notably peroxides, polymerization readily occurs (for 
amplification see (1)). 

[For patents involving polymeric C from viewpoint of purification (23), storage of super- 
cooled material (24), heat treatment to increase tensile strength (25), improvement of 
stability to light and heat (26) (27) (28) (29), or coloring (30) see indie, refs. — For studies 
on structure of fibers of polymeric C see (1) (31). — For identification of common comml. 
plastics (including “ Saran ** and “ Velon **) see (32).] 

[For review of copolymerization of C see (1); for copolymerization with butadiene (33), 
with vinyl chloride or vinyl acetate (34), with styrene, acrylonitrile, various methacrylates, 
etc. (35), see indie, refs.] 

3:5005 ( 1 ) Reinhardt, Ind. Eng. Chem. 35, 422-428 (1943). (2) Brockway, Beach, Pauling, 

J, Am, Chem. Soc. 57, 2695 (1935). (3) Regnault, J. prakt. Chem. (1) 18, 82-85 (1839); Ann. 

chim. (2) 69, 155-159 (1838). (4) I.G., Brit. 349,872, July 2, 1931, Cent. 1931, II 1191; C.A. 36, 

5314 (1932): French 702,361, April 7, 1931; Cent. 1931, II 1191; C.A. 35, 4285 (1931); Ger. 
529,604, July 4, 1929; not in Cent.] C.A. 35, 5178 (1931). (5) Howell (to Imperial Chem. Ind., 

Ltd.), Brit. 534,733, March 17, 1941 ; C.A. 36, 1336 (1942). (6) Hermann, Baum (to Consortium 

fUr Elektrochem. Ind.), U.S. 1,921,879, Aug. 8, 1933; not in Cent.] {C.A. 37, 5086 (1933)]: Ger. 
570,954, Feb. 22, 1933; not in Cent.] C.A. 37, 4252 (1933): French 694,054, Nov. 28, 1930; Cent. 
1931, I 1514; {C.A, 35, 1843 (1931)]. (7) Engel, Bvll. soc. chim. (2) 48, 87 (1887). (8) Com- 
pagnie des Products Chim. d’Alais, etc,, French 786,803, Sept. 10, 1935; Cent. 1936, 1 176; C.A. 
30, 737 (1936): Brit. 436,133 Oct. 4, 1935; C.A. 30, 1394 (1936), not in Cent. (9) Jocitsch, 
Favorsky, J. Russ. Phys.-Chem. Soc. 30, 998-1003 (1898); Cent. 1899, I 777-778. (10) Reilly 

(to Dow Chem. Co.), U.S. 2,140,648, Dec. 20, 1938; Cent. 1939, 1 3625; C.A. 33, 2540 (1939). 

(11) Taylor, Horsley (to Dow Chem. Co.), U.S. 2,293,317, Aug. 18, 1942; C.A. 37, 889 (1943). 

(12) The Distillers Co. & Galitzenstein, Brit. 561,584, March 2, 1943; C.A. 38, 2969 G944). 

(13) Coleman, Zemba (to Dow Chem. Co.), U.S. 2,160,944, June 6, 1939; Cent. 1939, II 3761; 

C.A. 33, 7318 (1939). (14) Coleman, Zemba (to Dow Chem. Co.), U.S. 2,136,333 <& 2,136,334, 

Nov. 8, 1938; Cent. 1939, I 1663; C.A. 33, 1346 (1939). (15) Wiley (to Dow Chem. Co.), U.S. 
2,136,347, & 2.136,348 & 2,136,349, Nov. 8, 1938; Cent. 1939, I 1653; C.A. 33, 1346 (1939). 
(16) Britton, LeFevre (to Dow Chem. Co.), U.S. 2,121,009, & 2,121,010 & 2,121,011 
2,121,012, Jan. 21, 1938; Cent. 1938, II 2497; C.A. 33, 5856 (1938). (17) I.G., Ger. 530,649, 
July 31, 1931; Cent. 1931, II 1920; C.A. 36, 165 (1932). (18) van de Walle, Bull. acad. roy. 
Bdg. (5) 10, 99 (1924); Cent. 1934, II 303: BuU. soc. chim. Belg. 34, 10-21 (1925); C.A. 19, 1556 
(1925). (19) Nutting, Huscher (to Dow Chem. Co.), U.S. 2,209,000, July 23, 1940; Cent. 1040, 
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II 3703; C,A, 35, 140 (1941). (20) I.G., Gor. 523,436, April 23. 1931; Cent 1381, I 3607; C.A. 
35, 3362 (1931). 

(21) Goggin, Lowry, Ind, Eng. Chem. 84, 327-332 (1942). (22) Goggins, Ind. Eng. Chem., 
News Ed. 18, 923-924 (1940). (23) Britton, Taylor (to Dow Chem. Co.), U.S. 2.235,796, 
March 18, 1941; C.A. 85, 4040 (1941). (24) Wiley (to Dow Chem. Co.), U.S. 2,320,112, May 

25, 1943; C.A. 37, 6378 (1943). (25) Williams (to Dow Chem. Co.), U.S, 2,309,370, Jan. 26, 

1943; C.A. 37, 3860 (1943). (26) Matheson, Boyer, Stone (to Dow Chem. Co.). U.S. 2.258,188, 

Oct. 7, 1941; C.A. 36, 857 (1942). (27) Hanson, Goggin (to Dow Chem. Co.), U.S. 2,273,262, 

Feb. 17, 1941; C.A. 36, 3809 (1942). (28) Matheson, Boyer, Coleman (to Dow Chem. Co.), 

U.S. 2,287,189, June 23, 1942; C.A. 37, 201 (1943). (29) Boyer, Matheson, Moyle (to Dow 

Chem. Co.), U.S. 2,344,489, March 21, 1944; C.A. 38, 3293 (1944). (30) Hanson (to Dow 

Chem. Co.), U.S. 2,251,486, Aug. 5, 1941; C.A. 35, 7070 (1941). 

(31) Fuller, Baker, J. Chem. Education 20, 9 (1943). (32) Nechamkin, Ind. Eng. Chem., 

Anal. Ed. 15, 40-41 (1943). (33) Hopif, Rautenstrauch (to I.G.), Ger. 731,982, Jan. 28, 1943; 

C.A. 38, 894 (1944). (34) Scott, Seymour (to Wingfoot Corp.), U.S. 2,328,748, Sept. 7, 1943; 

C.A. 38, 1051 (1944). (35) Arnold (to du Pont Co.), U.S. 2,278,415, April 7, 1942; C.A. 36, 

4939 (1942). (36) Brunner, Brandenburg, Ber. 10, 1497-1499 (1877); 11, 61-62 (1878). (37) 
Kharasch, Norton, Mayo, J. Org. Chem. 3, 53 (1933). 

3:5010 DICHLOROACETYLENE Cl— C^C— Cl C2CI2 BeU. I - 345 

(1,2-Dichloroethyne) Ii-(106) 

l2-(333) 

B.P. F.P. 

32-33° at 748 mm. (1) (2) (.3) -66 to -64.2° (1) Df - 1.261 (9) 

29° cor. at 743 mm. (4) ng = 1.42790 (9) 

Colorless oil which ignites in air and explodes even on stirring; however, its 5-10% soln. 
in ether is safely handled (4). 

[For prepn. of C from acetylene + aq. alk. KOCl soln. under N2 see (1) (2) (3); from 
1,1,2-trichloroethylene (3:5170) in N2 at 130° over solid granular KOH (65% yield (4)) 
see (4) (5) (9); from 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (3:5750) with 
KOH in xylene under N2 (can be carried out as a lect. expt.) see (6) (9); for formn. of C 
from barium salt of a,/3,/3-trichloroacrylic acid (3:1840) by htg. in H2 see (13).] 

C forms with diethyl ether a molecular cpd.,_ C.C4H6O, eas. decomposed by aq. into its 
components (5); for D and n of ether solns. of C see (9). 

C on combusion yields CO, CO2, COCI2 (4) together with other products (5). 

[For use of C in extraction of coffee see (7).] 

C in CCI4 treated 9 hrs. with strong CI2/CCI4 soln. gives (1) on evapn. hexachloroethane 
(3:4835), m.p. 187° in s.t. (1). 

C on passing into Br2/aq. jdelds (1) a hea\T oil which on stdg. under the excess reagt. 
solidifies to cryst. of l,2-dichloro-l,l,2,2-dibromocthane; after rocrystn. from ale., m.p. 
209-210° dec., with yellowing at 200° (1). [Note that C in CCI4 treated with BrJ/CCU 
can add 1 mole Br2 giving (65% yield (4)) l,2-dichloro-l,2-dibromoethylene, b.p. 172° at 
760 mm. (8), Di« = 2.3036 (8), = 1.57984 (8), m.p. +4.40° (8), 4.9° (4).] 

C with I2 in ether (4) or CCI4 (5) gives slowly l,2-dichloro-l,2-diiodoethylene, cryst. 
from ether or pet. eth., m.p. 70° (4). [Another stereoisomer, m.p. 5-7°, is formed only 
to extent of 10% and is removed by the solvent (5).] 

[For studies on behavior of C on polymerization (10), and its reactions with NH3 (10) 
amines (10) (11), alcoholates (10), diethyl sodio-malonate (10), organic Mg compds. {12), 
ethyl diazoacetate (12), and NO2 (12) see indie, refs.] 

3:5610 ( 1 ) Straus, Kollek, Heyn, Ber. 63, 1873-1876 (1930). (2) Straus, Kollek (to IG) 
Ger. 495,787, April 17, 1930; Cent. 1930, II, 1439. (3) I.G., Brit. 333, 946, Sept, 18, 1930* Cent. 
1981, I 523. (4) Ott, Ottenmeyer, Packendorff, Ber. 63, 1941-1944 (1930). (5) 6tt Packen- 
dorff, Ber. 64, 1324-1329 (1931), (6) Metz, J. prakt. Chem. (2) 135, 142-144 (1932), (7) 
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French 726,338, May 11, 1932; Cent. 1932, II 1713. (8) van der Walle, BvU. eoe. chitn. Bdg. 
20, 307-308 (1920). (9) Ott, Ber. 76. 1517-1522 (1942). <10) Ott, Dittus, Bcr. 76, 89-84 (1943). 

(11) Ott, Dittus, Weissenberger, Ber. 76, 84-88 (1943). (12) Ott, Bossaller, Ber. 76, 89-91 
(1W3). (13) Boeseken, Carriere, Verslag Akad. Wetenechappen 22, 1186-1188 (1914); C.A. 

8, 3296 (1914). 


3:5020 METHYLENE (DI)CHLORIDE CH 2 CI 2 BeU. 1-60 

(Dichloromethane) Ii.( $) 

l2-(13) 

B.P. F.P. 


41.4-42.2® 

at 760 mm. 

(1) 

-96.0® (17) 

= 1.30777 

(12) 





(10) (18) 




41.6® cor. 

at 760 mm. 

(2) 

-96.5® (19) 







(168) 




41.6® 

at 760 mm. 

(3) 

-96.7® (19) 

= 1.3181 

(23) 





(11) (20) 

1.31678 

(12) 


41.5® 


(4) 

-96.8® (12) (19) 


= 

1.4220 (23) 

41.5® 

at 680 mm. 

(5) 

-97.0® (21) (22) 


”6462 = 

1.43239 (5) 

41.3-41.5® 


(6) 


141*= 1.3618 

(5) 


40.67® cor. at 760 mm. 

(7) 

Note 2. For in- 




40.4®-42® 


(8) 

fluence of very 

14 ° = 1.3361 

(15) 


40.1-40.3® 

at 769 mm. 

(9) 

high press, on 


(24) 


40.1® 

at 760 mm. (10) 

f.p. of C see 

1.386 

(25) 


40.0® 


(11) 

(20). 

1.38578 

(12) 


39.95® 

at 760 mm. 

(12) 



ii|? = 

1.4253 (25) 

39.93-40.12® cor. 

(13) 




1.4249 (13) 

39.9 

at 736 mm. 

(14) 




1.4237 (26) 

39.8® 

at 760 mm. (15) 




1.4234 (15) 

39.5-40.1® 


(16) 


Dj® = 1.33479 

(12) 



n{?e(yeUow) =1.42721 (12) 

Note 1. For study of vap. D® = 1.3620 (23) 

press, of C over range —87® — 1.4361 (23) 

to -i-38® see (7). For over range 

t = -100'" to +40® 
see (26); -273 to 
-194® see (10). 


MISCELLANEOUS PHYSICAL PROPERTIES OF C 
Various Solubility Relations 

With water. C is only slightly soluble in aq. and readily volatile with steam. E.g., 
100 g. water dissolves following amts, of C: 2.363 g. at 0® (27), 2.122 g. at 10® (27), 2.000 g. 
at 20® (27) (15), 1.969 g. at 30® (27). — For study of soly. of water in C at 0®, 26®, and 30® 
see (28) (29); for study of reciprocal soly. of C and water see (30) (68). — C with HjO is 
claimed (35) to form a hydrate stable up to +2®. 

With organic compounds. [For studies on soly. of C in 35 org. solvents of various types 
see (31); for soly. of C in cellosolve acetate (33), carbitol acetate (32) (33), diethylene 
glycol diethyl ether (32), tetraethylene glycol dimethyl ether (32), and tetraethylene glycol 
diethyl ether (33) see indie, refs.] 
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Binary Systems Containing C 
(See also azeotropes containing C) 

C + Cfe: for f.p./compn. data and diagram (various compounds and eutectics are formed) 
see (21). 

C + C^fPl {S:7016)\ for f.p./compn. data and diag. (eutectic, f.p. —149.7®, conts. 
31.7 wt. % C) see (17). — (? + CHCh {S:6060): for f.p./compn. data and diag. (eutectic, 
f.p. —108.4®, conts. 70.5 wt. % C) see (17); for data on b.p., and liq./vapor equilibria 
see (34). — (? + CCh {3:6100): for data on b.p., and liq./vapor equilibria see (34). — 
G 4- lyl,-dtchloroethane {3:6036): for f.p./compn. data see (19). — C + 2,2-dichloropropane 
{3:7140): for f.p./compn. data see (22). 

C -f- isobtUyl bromide: for f.p./compn. data see (19). — (? + methylene {di)bromide: for 
f.p./compn. data see (19). 

G -f methylene {di)iodide: for f.p./compn. data see (19). 

G + dimethylaniline: for and no ® for 0-100% C see (23); for f.p./compn. data and 
diagram (eutectic, m.p. —97.2®, conts. 91 wt % C) see (168). 

Ternary Systems Containing C 
(See also azeotropes containing C) 

G 4" CHCh 4- CCh: system forms ternary eutectic, f.p. —111.4®, contg. 60 wt. % C 4- 
27.0 wt. % CHCI 3 (3:5050) 4- 13.0 wt. % CCI 4 (3:5100) (17). 

Binary Azeotropes Containing C 

G 4* H 2 O: C forms with aq. a const.-boilg. mixt., b.p. 38.1®, contg. 98.5 wt. % C (68). 

C 4- MeOH: C forms with MeOH (1 : 6120) a const.-boilg. mixt., b.p. 39.2° (4) at 760 mm. 

(3) , contg. 92 wt. % (3), 94 wt. % (4) C. — C + EtOH: C forms with EtOH (1:6130) a 
const.-boilg. mixt., b.p. 41.0® at 760 mm. (3), contg. 96.5 wt. % (3) C. — C forms with 
formaldehyde dimethylacetal (1:0105) a const.-boilg. mixt., b.p. 45.0® (36), contg. (36) 
41 wt. % C, cf. (37), — G 4 - acetone: note that this system forms no azeotrope; note also 
that C is the only known liquid which with MeOH (see above) gives a const.-boilg. mixt. 
boilg. lower than acetone and at the same time not forming a binary azeotrope with acetone 

(4) . 

Ternary Azeotropes Containing C 

G 4 - H 2 O 4" EtOH: forms no ternary azeotrope (68). 

G 4“ MeOH 4- acetone: this system forms no ternary azeotrope; for discussion see (4) (38). 

G 4- CHCh 4” acetone: for discussion see (4). 

Other Physical Properties of C 

[For study of thermal conductivity of C see (39); for studies of heat capacity of C (40) 
as calculated from spectroscopic data (41) see indie, refs.; for studies of critical temp, of 6 
(7) (15) (6) and method for its microdetermination (6) see indie, refs.; for ebullioscopic 
const., viz., 2.6® for 1000 g. C, see (43).] 

[For studies of adsorption of C on wood charcoal at 25® and 50® (44) or on cocoanut 
charcoal over range* —31.5® to 184® (45), on Al(OH)8 gel (46), on Fe(OH )3 gel (47), on 
CrsOs (48) see indie, refs.; C is preferentially adsorbed (42) by silica gel from its mixt. 
with CHCI 3 (3:5050).] 

[For study of attempt to separate isotopes of CI 2 by reversible fractional distn. of C 
see (49).] 
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Physiological Aspects op C 

C has low toxicity compared to other chlorinated hydrocarbon solvents; the maximiim 
allowable cone, for 8 hrs. daily exposure is 600 p.p.m. (50). [For study of relative toxicity 
of C see (51); for extensive study of industrial hygiene and toxicity of C (together with 
12 other chlorinated solvents (52)) (53) (50) see indie, refs.; for study of C upon running 
activity of male rat see (54).] 

USES OF C 

C is widely used as a solvent, as a fluid for refrigeration processes, and for removing 
water from other organic materials; examples of all these aspects are cited below. 

[For study of utility of 0 as solvent for the ozonization of org. compds. see (10); for use 
of O as solvent for the extraction of vitamin A (56) or of soy-bean oil (56) see indie, refs.; 
for general studies (15) (57) (58) and patents (59) (60) (61) (62) (63) (64) (65) on use of 0 
in refrigerating machines and systems see indie, refs.; for use of C in detn. of water content 
of liquids ( 66 ) (67) or for prepn. of abs. EtOH ( 68 ) (69) (70) see indie, refs.] 

DETECTION OR DETERMINATION OF C 

[For detection of C in pres, of acetone (by means of Fujiwara color test with p 3 Tidine -f- 
NaOH) see (71); for distinction of C from CHCI3 (3:5050) and from CCI 4 (3:5100) by 
color tests see (72) (73) (also under (g) below).] 

[For detn. of C in blood by removal through aeration, pyrolytic decompn. of C, and alk. 
absorption of resultant HCl as directed see (74); for detn. of C, H, and Cl in C by combustion 
see (75). Note that the R. H. Tri-Per Analyzer, a recording ultra-violet photometer 
very useful for detn. of trichloroethylene (3:5170) and tetrachloroethylene (3:6460), is 
insensitive (76) to C.] 

PREPARATION OR FORMATION OF C 

From methane. [The chlorination of CH 4 under various conditions to yield C (ac- 
companied by more or less CHsCl (3:7005), CHCI 3 (3:5060), and CCI 4 (3:5100)) has 
been extensively studied and no attempt will be made here to sift out details. For examples 
of leading scientific papers ((77)-(88), inch) and patente ((89)-(96), inch) see indie, refs.) 

From methyl chloride. [The chlorination of MeCl to C has also been extensively studied; 
many of the relevant data are included in the papers and patents on the chlorination of 
methane (see preceding paragraph), to wluch should be added the following patents (91) 
(97) (98) (99) ( 100 ). Note patent (98) on separation of MeCl (3 : 7005) from C by hydroly- 
sis of former to MeOH (1:6120) with Ca(OH )2 under press.] 

From chloroform. [For formn. of C from CHCI 3 (3:5050) by replacement of 1 chlorine 
by hydrogen using Zn -h ale. HCl (101), Zn AcOH (103), Zn dust 4 - ale. NHj (102) ( 8 ) 
( 2 ), Al/Hg 4 - aq. (103), Fe 4* AcOH (103), or SiaHg 4- AICI 3 in absence of air (104) see 
indie, refs.] 

From carbon tetrachloride. [For prepn. of C from CCI 4 (3:5100) using aq. FeS 04 4- 
NaOH see (105).] 

From miscellaneous sources. [For prepn. or formn. of C from CH 2 I 2 with CI 2 (first 
prepn. of C) (106) cf. (158); from polyoxymethylene with PCIb in s.t. (107); from MeOH 4 - 
S 2 CI 2 + Clz (108); or from chloroacetic acid (3:1370) by electrochem. oxidn. (109) see 
indie, refs.] 

CHEMICAL BEHAVIOR OF C 

Oxidation of C. [C with air at ord. temps, and press, does not give inflammable mixts.; 
at high temps, vapor of C becomes inflammable and ignites at 642"* in air, at 606*^ in O 2 ; 
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limiting concns. of C for inflammability in O2 are 15.5-66.4%; N2 docs not greatly affect 
the lower limit of inflammability in O2 but greatly reduces the upper limit <110). — For 
study of inflammability of mixts. of C with O2 +,N2, air -f CO, or O2 + N2 + MeBr see 
<111). — For effect of C on flash point of solvents see <115).] 

[C with atomic O gives <112) COCI2 (3:5000), CI2, HCl, CO2 + H2O; C with air over 
CuO at 450° gives <113) little COCI2 (3:5000); for study of Cl2-8ensitized photochcm. 
oxidn. of C see <114).] 

Fluorination of C. [C with SbFa -f cat. readily gives <126) <127) CH2F2, b.p. —51.6°, + 
CH2CIF, b.p. -9.0;.] 

Chlorination of C. [C with CI2 as directed <116) <117), or C with HCl gas + air over 
CuCL at 440° <118), gives CHCI3 (3:5050) and CCU (3:5100).] 

Bromination of C, [C with Br2 cf. <158) in pres, of A1 gives (128) cf. <129) CH2BrCl + 
CH2Br2 [Beil. 1-67, Ii-(16), l2-(32)], b.p. 96.95° at 760 mm., f.p. -52.7°, = 2.48417, 

* 2.49702 <130). — For an alternative synthesis of CH2Br2 (88-90% yield) from 
CHBra with NaaAsOa -|- NaOH see <138).] 

Hydrolysis of C. C on suitable hydrolysis yields formaldehyde (1:0145). [E.g., C 

with aq. in pres, of weakly alk. reacting salts such as NaHCOs, Na2HP04, NaOAc, etc., at 
165° under press. <119), or C -h N2 over dry Na2C03 at 310-320° (120), C with steam ov(‘r 
activated carbon at 260-270° (121), C with aq. at 140-170° under press. (122), C with 
steam at 550-850° over cat. (123), or C with steam over tin phosphate at 460° (124) gives 
formaldehyde (1:0145) -f- HCl. Note that C on protracted htg. with aq. at 180° gives 
(125) formic acid (1:1005), MeCl (3:7005), MeOH (1:6120) HCl -h CO.] 

Behavior with inorganic salts. [C with Nal in acetone htd. in press, bottle for 20 hrs. as 
directed (131), or C with Nal in acetone, MeOH, or EtOH at 120-130° under press. (132), 
gives (60% yield (131)) methylene (di)iodidc [Beil. 1-71, Ii-(18), l2-(37)], b.p. 151-153° 
cor. at 330 mm. (133), 88° at 39 mm. <L14), 66-67° at 11-12 mm. (24); exists in two crystn. 
forma, stable form, m.p. -f 5.85° (135), metastable form, m.p. 40° (136); = 3.3078 

(130); = 3.3212 (130); Df = 3.3345 (130); n\^ = 1.74428 (130). — For an alternative 

synthesis of CH2I2 (96-97% yield) from iodoform by treatment with NasAsOa NaOH 
see (137).] 

[C with 2 moles K2SO3 in aq. at 150-160° under press, gives (85% yield (139)) the di- 
potassium salt of methanedisulfonic acid (methionic acid) [Beil. 1-579, Ij-(303), l2-(644)] ] 
[C with ale. AgNOs does not react even on stdg. for several days; note that while neither 
CHCI3 (3:5050) nor CCI4 (3:5100) reacts either, CUgCl (3:7005) gives a ppt. within 3 
hrs. (140).] 

[For formn. of polymeric prods, from reaction of C with metal sulfides or polysulfides see 
(141); for study of photochem. reaction of C with H2S see (149).] 

Behavior with metals. C (like many other polyhalogenated hydrocarbons) in presence 
of metallic K, Na, K/Na alloy, or even of certain other active metals explodes under the 
influence of mechanical or thermal shock. [For study of this characteristic (142), especially 
with regard to sensitivity tow^ard Li, Na, K, Ca, Sr, Ba (143), see indie, refs.] 

[Note that C with molten sodium at 266-300° gives (144) C, H, and CH4, together with 
smaller amts, of ethane, ethylene, and acetylene; note that C with Na vapor in pres, of H2 
gives (145) 92% CH4 + 8% ethylene, while C with Na vapor in N2 gives (145) almost 100% 
ethylene; for further studies of behavior of C with Na vapor see (146) (147). Note that 
attempts to obtain a free methylene radical (CH2) with C -f* Na vapor have been unsuccess- 
ful (148).] 

[For study of stability of various metals with respect to corrosion by C under various 
conditions see (15).] 
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Behavior with various organic reactants. [C with CO + AlCla at 260® and 800 atm. 
press, for 8 hrs. gives (150) chloroacetyl chloride (3:5235); but C with CO, COS, or C(K;12 
(3:^) + cat. at 700® gives (151) malonyl (di)chloride (3:9030).] 

(C with CeHfl + AICI 3 gives (152) cf. (153) diphenylmethane (1:7120); C with toluene 4- 
AICI 3 gives (152) di-p-tolylmethane (Beil. V-616, Vi-(289), V 2 -( 518 )], m.p. 28® (154), b.p. 
302° cor. at 768 mm. (154), accompanied by considerable (152) (155) 2,7*dimethylanthra- 
cene, m.p. 241'" cor. (155); C with o-xylene (1:7430) + AICI 3 in acetylene tetrachloride 
(3 • 5750) as solvent gives (156) 2,3,6,7-tetramethylanthracene, m.p. 299® (156); for behavior 
of C in pres, of AICI 3 with ?/i-xylene (1 : 7420) or with pseudocumene (1 : 7470) see (152).] 

[C with CH 2 Br 2 + 5 - 10 % KCl in pres, of moistened AICI 3 at 180® in s.t. for 16 hrs. 
undergoes a redistribution reaction giving (157) a mixt. contg. 33 % C -f 18% CHaBra -f 
50% ClCH 2 Br; C with CH 2 I 2 similarly treated at 114° for 18 hrs. gives (157) a mixt. contg. 
33% C + 21 % CH 2 I 2 + 46% CICH 2 I.] 

[C with NaOMe in s.t. at 100° (158), or vapor of C over NaOMe -f pumice at 2(X)® (37), 
gives formaldehyde dimethylacetal (1:0105); C -f NaOEt in s.t. at 100 ° (158), or C with 
excess EtOH -f calcd. amt. NaOH at 100-125° under press. (159), gives formaldehyde 
diethylacetal (1 : 0135); for analogous behavior of other alcoholates (158) (159) or phenolates 
(158) see indie, refs.] 

[C with ale. NH 3 at 125° in s.t. gives (160) hexamethylenetetramine [Beil. 1-583, Ii-(306)]. 
— C with MeiNH in s.t. at 70® gives (161) 5is-(dimethylamino) methane. — C with MesN 
in 90% acetone at 55° or more slowly in ether undergoes a quaternization reaction giving 
trimothyl-chloromcthyl-ammonium chloride (constants not detd.) (162).] 

® Beilstein test for halogen. Note that because of its low b.p. C often appears to fail 
in Beilstein copper gauze test for halogen compds.; in such cases use the modification 
described by (163) (164). 

® Hydrolysis to formaldehyde. C (2 g.) in 10 % MeOH/alk. (20 ml.) boiled 20 min. 
under good reflux, subsequently acidified with dil. H 2 SO 4 , gives soln. containg. Cl* 
and formaldehyde (1:0145). 

® Color reaction with a-naphthol/cyclohexanol. C (1 drop) with 2 ml. of a 2% soln. 
of a-naphthol (1:1500) in cyclohexanol (1:6415) -f- 1 pellet of solid NaOH, boiled 
25 seconds and cooled, gives (72) blue color; one portion of this blue soln. underlaid 
with equal volume 85% H 2 SO 4 , stood 1 minute and shaken, turns green-blue; a second 
portion of the alkaline blue soln. acidified with equal volume of AcOH ( 1 : 1010) stood 
1 minute and shaken becomes yellow. [Note that the alkaline boiling also gives a 
blue color with CIICI 3 (3:5050) and with CCI 4 (3:5100) while other chlorinated 
solvents (72) give yellow-brown, gray, or brown; in the H 2 SO 4 acidification both CHCI 3 
and CCI 4 give blue rather than green-blue; in the AcOH acidification CHCI 3 gives an 
orange-yellow, CCI 4 a red color.] 

® Color test with 2 , 7 -dihydroxynaphthalene/cyclohexanol. C (1 drop) with 2 ml. 
pure cyclohexanol (1 :6415) -f- 1 pellet NaOH 4 - a few mgms. 2,7-dihydroxynaphthar 
lene htd. at 197° (b.p. of ethylene glycol) for 45 seconds, decanted from undissolved 
NaOH, cooled, and shaken with 2 ml. AcOH -f 4 ml. 96% EtOH, gives steel-blue 
color (73). [Note that under these conditions CHCI 3 (3:5050) gives a deep-red color 
while CCI 4 (3:5100) gives a pale yellow brown.] 

® Color test with cyclopentanol. C (1 drop) in cyclopentanol (1 ml.) with 1 pellet 
NaOH boiled 25 seconds, then shaken vigorously for 35 seconds, gives deep red color; 
upon addition of 4 ml. 96% EtOH and shaking color intensifies or becomes reddish 
brown (73). [Note that after addn. of ale. CHCI 3 gives only a pale citron-yellow or 
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yellowish brown and that as little as 20 % of C can be detected by this noieans in CHCI 3 
<73); CCI 4 gives (73) after addn. of ale. an intense nut-brown.) 

Formaldehyde di-a-naphthylacetal (methylene di-a-naphthyl ether): unreported. 

Formaldehyde di-/3-naphthylacetal (methylene di-/ 8 -naphthyl ether) : m.p. 134° (165), 
133-134° (166). [From CH 2 I 2 with Na /3-naphtholate refluxed in ale. (166) (166) (167); 
not actually reported from C but presumably resulting by above method if some KI 
be added to refluxing mixture of 6 + Na / 8 -naphtholate in acetone. Note that this 
ether fails (165) (167) to form any PkOH addition compound.] 
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CerU. 1937, I 4863, C.A. 31. 708 (1937). (152) Friedel, Crafts, BuU. soc. chim. (2) 41, 322-327 

(1884); Ann. chim. (6) 11, 263-277 (1887). (153) Schwarz, Bcr. 14, 1576 (1881). (154) Som- 
melet, Compt. rend. IW, 1349-1350 (1925). (155) Morgan, Coulson, J. Chem. See. 1929, 2205- 
2208, 2212-2213. (156) Barnett, Goodway, Watson, Ber. 66, 1879, 1887 (1933). (157) Forbes 

Anderson, J. Am. Chem. Soc. 67, 1912 (1946). (158) Arnhold, Ann 240, 197-208 (1887). (159) 

Carter (to S. Karpen and Bros.), U.S. 1,566,819, Dec. 22, 1925, Cent. 1926, 1 2510; C.A. 20, 423 
(1926): Brit. 249,039, Oct. 23, 1925; not in Cent, C.A. 21, 745 (1927): Ger. 495,020, April 3, 1930; 
Cen<.'1930, 1 3485; [C.A. 24, 3261 (1930)]. (160) Delcpine, Bull. soc. chim. (3) 11, 556-557 (1894) ; 

Ann. chim. (7) 16, 476-477 (1898). 

(161) Jones, Whalen, J. Am. Chem. Soc. 47, 1351 (1925). (162) Davies, Evans, Hulbert, 

J. Chem. Soc. 1939, 416. (163) Piccard, de Montmollin, Helv. Chim. Acta 6, 1020 (1923). (164) 

Ruigh, Ind. Eng. Chem., Anal. Ed. 11, 250 (1939). (165) Wang, J. Chinese Chem. Soc. 1, 61-62 

(1933). (166) Koelle, Ber. 13, 1953 (1880). (167) V. H. Dermer, O. C. Dermei, J. Org. Chem. 

3, 289-293 (1939). (168) Hrynakowski, Szmyt, Z. physik. Chem. A-182, 405-408 (1938). 


3:5026 l,l, 3 -TRICHLORO- 2 -METHyLPROPENE-l C4H6CI3 Beil. S.N. 11 

Clla 

CICH 2 — i=cci2 

B.P. 45-46“ {1) 

Note: C readily undergoes allyl transposition so that in reactions of C products derived 
from the isomeric l,l,l-trichloro-2-methylpropene-2 (3:5605) may be expected (1) (2) (3) 
[For prepn. of C (57% yield (1)) from /8,jd,^-trichloro-<er-butyl ale. (“ Chloretone ”) 
(3:2662) by htg. to 200° with P 2 O 6 and dimethylanilme see (1).] [A 15% yield of the 
isomeric l,l,l-trichloro-2-methylpropene-2 (3:5605) together with some a-cliloroisobutyric 
acid (3:0235) are separated from 6 by redistillation (1).] 

C on hydrolysis by boilg. 2 days with AgOH at 1(X)° under pressure rives (22% yield 
(2)) 3,3-dichloro-2-methylpropen-2-ol-l, b.p. 78-79°, D?? = 1.298, n_ == 1.493. [The 
corresp. ether, b.p. 129° at 11 mm., = 1.330, n?? » 1.5108, is also formed in 22% 
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yield (2).] The ale. may be characterized by its p-nitrobenzoate, m.p. 91®, or its AT- 
phenylcarbamate, m.p. 64° (2). 

C on htg. with NaOAc -f AcOH gives (2) 3,3-dichloro-2-methylpropen-2-yl acetate, 
b.p. 79° at 12 mm., £>“ = 1.267, n“ = 1.4718 (2). [With boilg. NaOH this ester regener- 
ates the corresp. ale. {2).] 

C with NaOEt gives in the cold 70% yield (2) of 3,3-dichloro-2-methylpropen-2-yl ethyl 
ether, b.p. 56® at 12 mm., D?? = 1.1285, n?? = 1.4610 (2). 

C in CHCI3, treated with O3, then hydrolyzed gives a-chloroacetone (3:5425), b.p. 
60-62° at 50 mm. <1). 

[For reactns. of C with Cal2 and with CHaMgBr see (2).] 

® l,l,l,2,3-Pentachloro-2-methylpropane (3 - 1265): m.p. 59.5° (2). [From C by direct 
treatment with CI2 (2).] 

© l,2-Dibromo-l,l,3-trichloro>2-methylpropane: m.p. 108° (2). [From C on warming 
1 day with excess Br2, then distg. at 12 mm. (2).] 

© 3,3-Dichloro-2-methylpropen>2-yl p-nitrobenzoate: m.p. 91° (2). [From C on 
boilg. with dil. ale. soln. of K p-nitrobenzoale (2).] 

3:5025 (l) Jacob, Bull. soc. chim. (5) 7, 581-.586 (1940). (2) Kirrmann, Jacob, Bull. soc. ehim. 

(5) 7, 586-593 (1940). (3) Kirrmann, Jacob, Cornpt rend. 203, 1528-1529 (1936). 


3:5028 frans-1, 2-DICHLOROETHyLENE Cl— C— H C2H2CI2 BeU. I — 

(tmns- Acetylene dichloridc) u A 4-.1 Ii-( 78) 

l2-(159) 


B.P. 



F.P. 


[48.8-50.2° 


(35)1 

-63.1° (34) 

Df = 1.2489 (1) 

48.8° 

at 763 

mm. (1) 

-63.0° (12) 

ng = 1.43969 (7) 

48.4-49.4° 

at 741 

mm. (2) 

-50.0° (13) 

Df = 1.2669 (1) 

48.35° 

at 760 

mm. (3) (4) (13) 



48.3° 

at 760 

mm. (5) 


n}? = 1.44662 (6) 

48.2-48.4° 

at 769 

mm. (6) 



47.85-47.87° 

at 769.6 mm. (7) 


Dl® = 1.2661 (3) 

47.5° 


(8) 


1.2660 (1) 

47.48° 


(9) 


n{f = 1.44003 (3) 

47.3° 


(10) 




47.2° at 745 mm. (11) 

48.20-47.87° at 769.6 mm. (27) 

See also both m-1 ,2-dichloroethylene (3:5042) and ordinary (mixt. of m and irons) 
1,2-dichloroethylene (3:5030); the following text is restricted to studies on substantially 
pure trans stereoisomer. 

Note carefully that 1,2-dichloroethylene is not the same as ethylene (di)chloride (3:5130) 
(there are an almost incredible number of errors in the literature involving this point); 
neither is it the same as the now very important 1,1-dichloroethylene (vinylidene (di)- 
chloride) (3:5005). 

GENERAL DATA ON C 

f Note that substantially pure C is comml. solvent in U.S.A. under designation “ Di 48 ” 
(referring to the two chlorine atoms and the b.p.). [For study of thermal conductivity 
and for tabulation of constants of comml. C see (14). — For toxicity of C see (36) (15). — 
For use of C in extraction of caffeine from coffee see (16).] 
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[For data on vap. press, of C over range 23-48.8° see {!).] 

Binary systems contg. C. (See also below under azeotropes.) — [C + <»>-l,2-dichloro- 
ethylene (3:5042); for use of nf> in detn. of compn. of mixt. see (7); for f.p./compn. data 
(eutectic, f.p. —91° contg. about 29% C) see (12). — For f.p./compn. data on binary 
systems C + ethylene dichloride (3:5130), C -h 1,1,2,2-tetrachloroethane (acetylene tetra- 
chloride) (3:5750), or C + ethylene dibromide see (12). — For f.p./compn. data on 
system C + CeHe (1 : 7400) see (34). — For study of soly. of various other cia-trana isomers 
in C see (5).] 

Azeotropes contg. C. Binary azeotropes, C with aq. forms a const.-boilg. mixt., 
b.p. 45.3°, contg. 98.1% C (38) (39). — C with EtOH (1:6130) forms a const.-boilg. mixt., 
b.p. 46.5° at 760 mm. (17) (38) (39), contg. 94.5% (38) (39) 88.2 mole % (17) C. 

Ternary azeotropes. C with EtOH (1 ; 6130) -f- aq. forms a const.-boilg. mixt., b.p. 
44.4°, contg. 94.5% C + 4.4% EtOH -h 1.1% aq. (38) (39). 

PREPARATION OF C 

Pure C is usually obtd. by careful fractional distillation at ord. press, of the mixt. of the 
cis and trans stereoisomers comprising ord. 1,2-dichloroethylene (3:5030) [for brief com- 
ments on this mode of sepn. see (1) (2) (3) (5) (6) (7) (8) (9) (11); note that some workers 
(11) recommend distn. in atmosphere of CO 2 . — For detn. of % compn. of mixts. of C 
with its stereoisomer by means of no see (7); by means of dielectric constant see (7) (19).] 

[For study of possibility of sepn. of C from its stereoisomer by differential adsorption 
on silica gel see (18).] 

[For prepn. of C from 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (3:5750) by 
splitting out 2 adjacent chlorine atoms with Zn -f EtOH (followed by fractionation of 
crude C) see (19); for prepn. of C from 3,4-dichloro-2-methylbuten-3-ol-2 by slow addn. 
to 85% KOH at 175-180° (acetone is also formed) sec (37).] 

[For patents on prepn. of almost pure C from acetylene with CI 2 by controlled reaction 
over pumice contg. CuCl 2 at 200-240° (20) or over activated carbon at 40° (21) see indie, 
refs.] 

ISOMERIZATION OF C 

C under the influence of heat, light, or various catalysts in part isomerizes to cis-1,2- 
dichloroethylene (3:5042). — [For study of thermal isomerization of C in vapor phase at 
185-275° (22), up to 350° (19), up to 975° (23), in liq. phase or in various solns. (11) see 
indie, refs.; note that the equilibrium mixt. at 300° conts. 39.2 ± 0.7% C, at 350° conts. 
40.6 ± 0.3% C (19), at 975° conts. 47.7% C (23). — For study of kinetics of thermal 
isomerization of C see (7) (24).] 

[For patent on isomerization of pure C to a mixt. contg. 65-70% of the cis stereoisomer 
(3:5042) by means of a small amt. Br 2 at 30° or above in pres, of cat. or in vapor phase at 
not over 300° see (25) cf. (7). — For patent on thermal isomerization of C see (26).] 

CHEMICAL BEHAVIOR OF C 

Reactions with inorganic compds. C (in vapor phase at 80-95° in light of 4360 A (27)) 
with CI 2 adds 1 mole halogen yielding 1,1,2,2-tetrachloroethane (acetylene tetrachloride) 
(3:5750). 

C with Br 2 in light adds 1 mole halogen yielding (28) (3) (29) l,2-dibromo-l,2-dicbloro- 
ethane [Beil. 1-93, l2-(29), l2-(64)], b.p. 195° at 760 mm. (13) (30), b.p. 79.0-79.5° at 15 
mm. (3).-^ [For extensive study of the resultant equilibrium see (28); for study of in- 
fluence of 02 and other factors see (28); for study of kinetics in CCU soln. see (31) (32). 
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— Note that rate of addn. of Br2 either directly or in CCI4 soln. is twice as great for C 
as for the stereoisomeric cis form (3:5042) (3).] 

[C with ale. KOH splits out 1 HCl yielding chloroacetylene (3:7000); note, however, 
that rate of reactn. with C is only about J^o as fast as for its cis stereoisomer (3:5042) (3).] 

C with aq. NaOH/Hg(CN )2 behaves quite differently from its cis stereoisomer (3:5042): 
on shaking at room temp, with specified (8) conens. of reagt. C shows signs of reactn. only 
after 3 hrs. (instead of ^ hr. as for the stereoisomer) and suffers replacement of 1 H atom 
per mole by mercury forming mercury (a, j8-dichloroethylenide) Hg(CCl = CHC1)2, 

m.p. 50.3°, insol. aq., but very sol. CHCI 3 , ether, or acetone, together with other, more 
complex derivatives. — Cf. the entirely different behavior of the cis stereoisomer (3:5042). 

C with PtCU in CeHe at 40-50° for 3 hrs. evolves HCl and on cooling separates amber 
cryst. of irans-l,2-dichloroethylene platinoid chloride, Cl.CH = CH.Cl.PtCh, m.p. 155- 
160° (33); note that the cis stereoisomer by similar treatment gives only gums (33). 

Reactions with organic compds. [C with CeHe + Al/Hg at 0° gives same prods, as 
does the ord. (mixture) 1,2-dichloroethylene (3:5030) (presumably indicating partial 
isomerization of C); these prods, include dibenzyl, triphenylethane, tetraphenylethane, 
etc. (6).] 

3:5028 (1) Herz, Rathmann, Chem. Ztg. 87, 622 (1013). (2) Walker, Trans. Fara'ay Soc. 31, 
1434 (1935). (3) Chavanne, Compt. rend. 154, 776-777 (1912), Cent. 1912, I 1539; Bidl. soc. 
chim. Belg. 26, 286-294 (1912); Cent. 1912, II 1006; Bull. soc. chim. Bdg. 28, 234-240 (1914); 
Cent. 1914, II 1144. (4) Bonino, BiUhl, Gazz. chim. ital. 59, 648-649 (1929); Z. Physik 58, 195 
(1929). (5) Lebrun, Bull. soc. chim. Bclg. 39, 423-433 (1930). (6) Boeseken, Bastet, Rec. 
trav. chim. 32, 197-203 (1913). (7) Jones, Taylor, J. Am. Chem. Soc. 62, 3480-3485 (1940). 

(8) FitzGibbon, J. Chem. Soc. 1938, 1218-1222. (9) Ebert, Bull, Z. physik. Chem. A‘’152, 451- 
452 (1931). (10) Mahnckc, Noyes, J. Chem. Phys. 3, 536 (1935). 

(11) Wood, Dickinson, J. Am. Chem. Soc. 61, 3259-3263 (1939). (12) Timmermans, BuU. 
soc. chim. Belg. 36 184-187 (1927). (13) Timmermans, BuU. soc. chim. Belg, 27, 334-343 (1913) ; 
Cent. 1914, I 618 (14) Bates, Hazzard, Palmer, lui. Eng. Chem. 33, 375-376 (1941). (15) 

Ferguson, Nature 137, 361-362 (1936). (16) Coffex, A. G., Swiss 162,725, Sept. 1, 1933; Cent. 
1933, II 3636. (17) Lecat, “ L’Azeotropism,” Brussels, 1918, Lecat No. 339. (18) Hesse, 
Tschachotin, Naturwissenschaften 30,387-392 (1942); Cent. 1942, II 1325; C.A. 87, 6211 (1943). 
(19) Olson, Maroney, J. Am. Chem. Soc. 56, 1320-1322 (1934). (20) Consortium ftir Elektro* 
chem. Ind., Brit. 366,348, Fob. 25, 1932; French 714,995, Nov. 23, 1931; Cent. 1932. I 3345; 
C.A. 26, 1624 (1932) ; Ger. 555,373, May 10, 1930; C.A. 26, 5106 (1932). 

(21) Ruppert, Fischer, Voigt, Hennig (to I G ), U.S. 1,868,077, July 19, 1932; C.A. 26, 6106 
(1932); Brit. 310,964, June 26, 1929; Cent. 1930, II 2957; Ger. 553,149, Sept. 30, 1932; Cerd. 
1932, II 3303. French 674,254, Jan. 27, 1930; Cent. 1930, I 3829: Swiss 141,529; Cent. 1931, I 
1823. ( 22 ) Wood, Stevenson, J. Am. Chem. Soc. 63, 1650-1653 (1941). (23) Maroney, J. 
Am. Chem. Soc. 57, 2397-2398 (1935). (24) Taniamuri, Akiyama, Z. Elektrochem. 47, 340-345 
(1941); C.A. 35, 6859 (1941). (25) Mugdan, Rost (to Consortium filr Elektrochem. Ind.), 
Ger. 595,464, April 11, 1934; Cent. 1935, I 2599; C.A. 28, 4072 (1934). (26) Fertsch (to I.G.), 
Ger. 510,576, Oct. 20, 1930; Cent. 1931, I 151; C.A. 25, 965 (1931). (27) Muller, Schumacher, 
Z. physik. Chem. B-36, 285-297 (1935). (28) MiiUer, Schumacher, Z. physik. Chem. B-42, 327- 
346 (1939). (29) Verhoogen, BuU. soc. chim. Belg. 34,; 434-456 (1925). (30) van der Walle, 
BuU. soc. chim. Belg. 28, 307 (1914). 

(31) Herz, Rathmann, Ber. 46, 2589 (1913). (32) Bruner, Fischler, Z. Elektrochem. 20, 84 
(1914). (33) Kharasch, Asford, J. Am. Chem. Soc. 58, 1737-1738 (1936). (34) Band, Jay. 
Compt. rend. 150, 1687-1690 (1910); BuU. soc. chim. (4) 9, 119 (1911); Ann. chim. (8) 27, 96 
(1912). (35) Awberry, Griffiths, Proc. Phys. Soc. (London) 48, 379 (1936). (36) Lehman, 
Schmidt-Kehl. Arch. Hyg. Baku 116, 131-268 (1936); C.A. 31, 477 (1937); not in Cent. (37) 
Petrov, J. Gen. Chem. (U.SSR.) 13. 331-338 (1943); C.A. 88, 1468 (1944). (38) Chavanne, 
BuU. soc. chim. Belg. 27, 206-209 (1913) ; CerU. 1913, II 1376; C.A, 8, 1105 (1914). (39) Gowing- 
Scopes, Analyst 39, 6 (1914). 
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3:5030 1,2-DICHLOROETHYLENEl ord. C2H2CI2 

(Acetylene dichloride) J mixt. ^ ^ ^ 

hS — C l H — i!/— Cl 

cis trans 

(3:6042) (3:6028) 


BeiL I - 187 

11- ( 77) 

12- (158) 


The text under this heading refers to the ordinary mixt. of the two individual stereoiso- 
meric forms, viz., cis-l,2-dichloroethylcne (3:5042) and<rGns-l,2-dichloroethylene (3:5028). 
Since the proportion of the two stereoisomers differs according to conditions and previous 
treatment no definite physical constants can be given, and those for each pure stereoisomer 
should be consulted. 

Note carefully that 1,2-dichloroethylene is not the same as ethylene (di)chloride (3:5130) 
(there are an almost incredible number of errors in the literature involving this point); 
neither is it the same as 1,1-dichloroethylene (vinylidcne (di)chloride) (3:5005). 

Furthermore note that some confusion exists in the literature on the relationship between 
the two isomers; the high-boilg. stereoisomer (3:5042) is now definitely regarded as the 
CIS form and the lower-boilg. stereoisomer (3:5028) as tlie Irons; however, some records 
(including “ International Critical Tables ”) have inverted these designations. 


PHYSICAL DATA ON C 

General. Ordinary comml. C consists of a mixt. of the two stereoisomers; by careful 
fractional distn. the two stereoisomers can be separated (for references see text of the two 
pure stereoisomers). — An equilibrium mixt. contg. about 20% of the lower-boilg. {trans) 
(3:5028) and 80% of the higher-boilg. (cis) (3:5042) forms can be obtd. from either by 
treatment at ord. temp, in sunlight with 1-2% Br2 (for data on thermal isomerization see 
text of both individual stereoisomera). — Note also that the two pure stereoisomers (q.v.) 
form a eutectic, f.p. —91®, contg. about 29% trans + 71% ds forms. 

Solubility relationships of C. Soly. of C in aq. is 0.8 ml. per 100 ml. aq. at ord. temp. 
(1). — [For soly. of I2 in C over range 11-25® (2) and use of such solns. in detn. I2 number 
of oils and fats (3) (4) see indie, refs. — For solv. power of C for various org. cpds. see 

<5> (6).l 

Inflammability of C. C with air forms explosive mixt. in range contg. 3.3-15.3% C (7); 
9.7-12.8% C (8). [For studies of influence of vapors of C on mixts. of air with CH4 (8), 
acetylene (10), CO <10> (12), or H2 (10) see indie, refs.] 

Miscellaneous data. [Ebullioscopic const, of C (for 1 mole solute in 100 g. C) - 29.6 
(14).l 

USES OF C 

[For use of C as solv. for fats and oils (15), as refrigerating liquids (16) (17) (18) (19) 
(20) (21), for extraction of caffeine from coffee (22), for dehydration (concentration) of 
propionic acid from aq. solns. (23), for sepn. of o- and p-isomers of various phenols (24), 
in dewaxing of mineral lubricating oils (25), for pretreatment in dyeing of cellulose esters 
and ethers (26) see indie, refs.] 


PHYSIOLOGICAL BEHAVIOR OF C 

C acts as an anesthetic and narcotic, but full treatment of this aspect is beyond the 
scope of this work; for lead references, however, see below. 

Toxicity of C. [For studies on toxicity of C see (27) (28) (29) (30) (31); for studies of 
narcotic action (31) (33) (34) (35) (36) see indie, refs.) 
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Antiseptic and disinfectant props, of C. [For studies of 5 from this viewpoint see (37> 
<38) <1>.I 

DETERMINATION OF C 

C is detd. by conversion of its halogen by pyrolytic or by chem. means completely to 
chloride ion followed by cither volumetric or gravimetric detn. of the latter. 

[For detn. of C by methods involving pyrolytic decompn. of C see (39) (40) cf. (41).] 

[For detn. of C by methods involving decompn. of C with Na + ethanolamine in dioxane 
see (42) cf. (43).]^ 

[For detn. of C by means of HgS04 catalyzed addn. of Br2 (from bromide/bromate 
soln.) to its unsatd. linkage see (44).] 

PREPARATION OF C 

From various polychloroethanes. From lJ,2,2-tetrachloroetharie {acetylene tetrachloride) 
{8:6760). [For prepn. of C from acetylene tetrachloride by removal of 2 chlorine atoms 
with H2 over Ni at 300-320® (45), with Fe or A1 -f aq. (46) (47) or Zn -f aq.. (47) (48), 
with acetylene over hydrogenating cat. (such as Ni) on activated carbon at 350® (49) 
preferably in pres, of acj. vapor (50), or by electrolytic reduction in pres, of ZnCU (51) 
cf. (52) see indie, refs. — Note that C is also one of the prods, of pyrolysis of acetylene 
tetrachloride over pumice at 700® (53).] 

From 1 ,1 ,1 ,2-tetrcLchloroethane {3:5566). [For prepn. of C from wnsym.-tetrachloroethane 
with acetylene over hydrogenating cat. (such as Ni) on activated carbon at 350® (49) 
preferably in pres, of aq. vapor (50) see indie, refs.; note that mechanism yielding this 
result is unknown.] 

From 1 ,1 fS-trichloroethane {3:6380). [For prepn. of C from 1,1,2-trichloroethane (by 
loss of HCl) over CuCb on pumice at 400® (54) or with MeOH over AI2O3 at 290® (MeCl 
(3:7005) is also formed) (55) see indie, refs.] 

From 1 j2-dichloroethane {3:6130). [For formn. of C (22% yield) together with other 
prods, from ethylene (di) chloride with CI2 m pres, of AlCU/NaCl/FeCls at 400-480® 
see (56).] 

From various mixed-halogenated ethanes. [For formn. of C from l,2-dibromo-l,2- 
dichloroethane [Beil. 1-93, li-(29), l2-(64)] by removal of 2 Br with Zn in ale. (57) or with 
H2 over Ni at 300-320® (45) sec indie, refs.; from 2-bromo-l,l,2-trichloroethane (by 
elimination of Br-Cl) with Zn dust in boilg. ale. (58) (59) cr from 2-iodo-l,l,2-trichloro- 
ethane on distn. at atm. press. (60) see indie, refs.] 

From acetylene. With chlorine. [Starting from acetylene the addition of 1 mole of 
CI2 yields C to which further addn. of CI2 gives 1,1,2,2-tctrachloroethane (acetylene tetra- 
chloride) (3:5750); for this reason most of the processes for prepn. of the latter cpd. by 
this method yield (or may be made to yield) C as a by-product. Since the patents on 
the addn. of chlorine to acetylene have been extensively cited under the text of 1, 1,2,2- 
tetrachloroethane (3:5750) (prepn. from acetylene), refer to that compound; however, 
see also (61) (62) (63).] 

With other reagents. (For formn. of C from acetylene with SbCls (64) (65) cf. (57), 
with SbCls + SbCls (66), or with aq. ICl soln. (57), see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

Pyrolysis of C. [C in s.t. at 360® for 10 lirs. is completely decomposed (64) into carbon 
-f- HCl.] (See also above under detn. of C.) 

Oxidation of C. [C with O2 in pres, of suitable cat. (e.g., Br2 or H2SO4) gives (67) 
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chloroacetyl chloride (3:5236). — C with O2 + N2 in ultra-violet light evolves HCl but 
yields (68) only resinous (perhaps polymerization) products.] 

(For study of rate of rcactn. of C (in AcOH) with O3 see (69).] 

(Note that C with NH3 4- air over Pt/Rh cat. at 820-850° gives (70) HCN.] 

[C with air over (strongly chlorinated) CuO at 450° gives (76) much phosgene (3:5000).] 
Stabilization of C. (For stabilization of C by addn. of small amts, of ale. NH3 (71), 
with EtsN (72), or with various phenols, amines, and aminophenols (73), see indie, refs.] 
(See also under corresp. subtopic of 1,1,2-trichloroethylene (3:5170).) 

Polymerization of C. (C in the pres, of dibenzoyl peroxide (or other org. peroxides) 
on htg. under press, reacts with itself yielding mainly (74) a dimer, viz., 1,3,4,4-tetra- 
chlorobutene-1 (3:9058), accompanied by other prods.] 

[For study of influence of radiation of 1980-1860 A (from A1 arc) and accompanying 
polymerization see (75).] 

Reaction with halogens. Behavior of C with Ch, [C adds 1 mole CI2 giving (69% 
yield (68)) 1,1,2,2-tetrachloroethane (3:5750); for study of this reactn. in light of 4360 
A see (77).] (^e also under the individual m- (3 : 5042) and trans- (3 : 5028) stereoisomers. ) 

Behavior with Br 2 . [C adds 1 mole Br2 giving (60) (57) l,2-dibromo-l,2-dichloroethane 
(Beil. 1-93, Ii-(29), l2-(64)], b.p. 195° at 760 mm. (78) (59), b.p. 79.0-79.5° at 15 mm. (79); 
for study of photochem. addn. of Br2 in gas phase (80) (81) and in CCI4 soln. (81) (82) in 
sunlight (83) (84) see indie, refs.] 

Behavior with Id [C in CHCI3 adds ICl in sunlight yielding (60) 2-iodo-l,l,2-trichloro- 
ethane, b.p. 77° at 9 mm., Dl^ ~ 2.2760 (60).] 

Reaction with halogen hydrides. Reaction with HCl. (C in the absence of cat. does 
not add dry HCl; C with dry HCl in the pres, of small amts. AICI3 at 30-40° gives 
(87% yield (86)) (85) (104) 1,1,2-trichloroethane (3:5330) accompanied (85) by 1, 1,2,3, 4- 
pentachlorobutane (3:0750); this latter prod, and doubtless various others appear to be 
formed in the pres, of the AICI3 by various condensations among the various organic 
materials (see below).] 

Reaction with H2SO4. (C is only slightly attacked at 20° by either 85% or 96% H2SO4 
and no polymerization occurs (87); on running the H2SO4 layer into 10 vols. of cold aq. 
qual. evidence of formn. of chloroacetaldehyde (3:7212) was obtd. (87). — C with cone. 
H2SO4 is unchanged up to 120° but at higher temps, carbonizes without evidence of formn. 
of chloroacetaldehyde (88).] 

[However, C with fuming H2SO4 (50% SO3) or C with SO3 followed by aq. gives (88) 
(89) chloroacetaldehydesulfonic acid from which htg. with 80% H2SO4 gives (88) (89) 
chloroacetaldehyde (3:7212).] 

Behavior with alkali. (C with ale. KOH (90) (91) loses 1 HCl yielding chloroacetylene 
(3:7000); this prod, sometimes (92) (93) causes spontaneous ignition of the system es- 
pecially when its ale. soln. comes in contact with air in cleaning the reaction flask (91).] 
(See also under the individual ds- (3:5042) and trans- (3:5028) stereoisomers.) 

(Note that C with ale. NaSH does not react even after 6 hrs. reflux. (92).] 

Behavior with NHa. (C with liq. NH3 under high press, reacts only very slightly although 
a small amt. of chloroacetylene (3:7000) (from loss of HCl) is formed (94).] * 

Behavior with metals. (For study of corrosion of common metals by C see (5).] 
Behavior with other inorganic reactants. [C with liq. nitryl chloride (CINO2) in s.t. 
at 100° for 3 hrs. gives by addn. to unsatd. linkage (67% yield (95)) 2-nitro-l,l,2-trichloro- 
ethane, pale yel. oil, b.p. 63° at 13 mm. — C cautiously added to 4 vols. of a mixt. of cone. 
+ fumg. HNO3 and warmed gives (96) a small amt. of nitro-trichloromethane (chloro- 
picrin). — C with liq. N2O4 at ord. temp, for 24 hrs. in an unsealed tube (use of sealed tube 
leads to serious explosions) reacts (96) to give a little oxalic acid dihydrate (1 :0445) to- 
gether with an unidentifled lachrymatory oil.] 
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BEHAVIOR WITH ORGANIC REACTANTS 

With hydrocarbons. [C (1 mole) with cyclopentadiene (1 mole) (1:8030) in s.t. at 
180-190® for 15 hrs. yields (97) two Diels-Alder type adducts. — For reactn. of C with 
CeHe + Al/Hg see under individual cis- (3:5042) and tran^ (3:5028) stereoisomers.) 

With other chlorinated hydrocarbons. (For reaction of C with itself see above under 
polymerization.) 

With methylene {di)chlonde {3:6020). [C (1 wt. pt.) with CH 2 CI 2 (3 wt. pts.) + AlCL 
(0.3 wt. pt.) at 40® for 8 hrs. gives (24% yield (98)) 1,1,2,3-tetrachloropropane (3:6036)1. 

With ^loroform {3:6060). [C (1 wt. pt.) with CHCI3 (3 wt. pts.) + AlCls (0.26 
wt. pt.) stirred with sand for 20 hrs. at 30° (99) cf. (100) (101) (102) gives ( 3 rields: 63% 
(99), 70-75% at 50° (100), 46% at 17° in 22 hrs. (100)) 1, 1,2,3, 3-pentachloropropane 
(3:6280).] 

With carbon tetrachloride {3:6100). [C with CCI 4 + AICI 3 gives (101) (102) cf. (103) 
1,1,1,2,3,3-hexachloropropane (3:6460)'; for reactn. of this system yielding heptachloro- 
pentenes see. (103).] 

With ltl,2-trichloroethane {3:6330). [C with 1,1,2-trichloroethane -h AICI 3 (1%) at 
35-40° for 5 days gives (104) two diastereoisomeric 1,1,2,3,4-pentachlorobutanes, viz., 
liq. (3:9068) and solid (3:0750).] 

With 1,1,2,2-tetrachloroethane {acetylene tetraxhloride) {3:5750). [C with acetylene 
tetrachloride + AICI 3 gives a mixt. from which can be isolated only (104) solid 1, 1,2, 3,4- 
pentachlorobutane (3:0750).] 

With 1,1,1,2-ietrachloroethane {3:6666). [C with wnsi/m.-tetrachloroethane + AICI 3 at 
40° for 10 days gives (104) l,l,l,4,4-pentachlorobutene-2 (3:9054).] 

With pentachloroethane {3:5880). [C with pentachloroethane + AICI 3 at 40® for 12 
days presumably first forms both 1,1,2,2,3,4,4-heptachlorobutane (3:9056) and 1, 1,1, 2, 3,4,4- 
heptachlorobutane, but the latter loses HCl and by further reaction and/or resinification 
is lost in the accompanying resins (104); the HCl thus split out adds (in the pres, of AlCls) 
to C yielding 1,1,2-trichloroethane which then condenses with more C as stated above 
(104).] 

With hexachloropropene {3:6370). [C with hexachloropropene + AICI3 in CH2CI2 soln. 
yields (105) a single 1,1,2,3,3,4,5,5-octachloropentene-l, b.p. 145-147° at 11 mm., 113- 
113.5° at 2 mm., D^i — 1.749, ni} = 1.5607 (105). This prod, with cone. H2SO4 gives 
(80% yield (105)) a mixt. of pentachlorobutenecarboxylic acids (105).] 

Behavior with organic OH or SH derivs. [C (1 mole) with C 2 H 6 SH (2 moles) in ale. 
KOH (2.6 moles) refluxed 3^ hr, gives (yield not stated (106)) l,2-&w-(ethylthio)ethylene, 
b.p^ 170° at 13 mm.] 

[C (1 mole) with benzyl mercaptan (2 moles) in ale. KOH refluxed 7 hrs. gives ( 3 rield 
not stated (106)) l,2-6is-(benzylthio)ethylene, white ndls. from ale. or AcOH, m.p. 61°; 
this prod, in CS 2 adds 1 Br 2 giving l,2-dibromo-l,2-6i8-(benzylthio)ethane, ndls. from 
ether, m.p. 73-74°.] 

[C (1 mole) with thiophenol (2 moles) in ale. NaOEt (2 moles) refluxed 24 hrs., poured 
into aq., gives (yield not stated (108)) l,2-6w-(phenylthio)ethylene, b.p. 235-242° at 760 
mm., pi. from It. pet., m.p. 62°.] 

C (1 mole) with p-tolylmercaptan (2 moles) in 7% ale. KOH refluxed 3 hrs. gives (90% 
yield (107)) l, 2 -W«-(p-tolylthio)ethylene, ndls. from ale., m.p. 93°; this prod, in CHCI 3 
adds 1 mole Br 2 giving (1(X)% yield) l,2-dibromo-l,2-6w-(p-tolylthio)ethane, cryst. from 
pet. ether, m.p. 72° (107). 

[For analogous reactn. with C of o-nitrothiophenol or p-nitrothiophenol see (106).] 

[C (1 mole) with an alk. salt of thiosalioylic acid (o-mercaptobenzoic acid) reacts similarly 
giving (109) (110) cf. (Ill) (112) l,2-5fs-(o-carboxyphenylthio)ethylene (“ <S,(S-vinylene- 
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W«-thi08alicylic acid”) [Beil. X-128, Xi-(55)]; this prod, with KOH/NaOH at 220-230® 
gives (113) 3-hydroxythionaphthene (thioindoxyl) [Beil. XVII-119, XVIIi-(60)], or by 
actn. of acid condensing agents (e.g., fuming H2SO4, CISO3H, etc.) yields (114) the im- 
por^t dyestuff thioindigo [Beil. XIX-177, XIXi-(690).] — Note that the corresp. condens. 
of C with salicylic acid (^)-hydroxybenzoic acid) or with anthranilic acid (o>aminobenzoic 
acid) cannot be effected (112).] 

Behavior with other misc. organic reactants. [C with paraformaldehyde (1:0080) + 
cone. H2SO4 gives (115) a resin (cf. behavior of 1,1,2-trichloroethylene (3:5170)).] 

[C (1 mole) with EtMgBr (2 moles) yields (116) C2H6 + BrMgteC— MgBr + MgCl2.] 
[C does not (117) react with acetyl iodide even after 150 days at 25®.] 

COLOR TESTS FOR C 

® Color test with oe-naphthol/cyclohexanol. C (1 drop) with 2 ml. of a 2% soln. of 
or-naphthol (1:1500) in cyclohexanol (1:6415) + 2 pellets solid NaOH boiled 25 
seconds, cooled, gives after acidification with AcOH or 85% H2SO4, stdg. 1 min., 
and shaking a violet or red-violet color (118). — [Note that under these conditions 
the response given by methylene (di)chloride (3:5020) is green-blue; by both CHCI3 
(3 : 5050) and CCI 4 (3 : 5100) is intense blue; by 1,2-dichloroethane (ethylene dichlonde) 
(3:5130) is colorless to pale green; by 1,1,2,2-tetrachloroethane (acetylene tetra- 
chloride) (3:5750) is intense green-blue; by pcntachloroethanc (3:5880) is gray-green; 
by 1,1,2-trichloroethylene (3:5170) is intense green-blue; and by tetrachloroethylene 
(3:5460) is green (118).] 

Mercury 5 is-(chloroacetylide) Hg(~C^C— Cl)2. Shining white pi. from hot 

CHCI3; although reported to melt at 185® (119) (120) (121) has also been found (122) 
to explode with great violence well below that temperature, i.e., 174-175® (122). [From 
C with aq. Hg(CN)2 + KOH on shaking at room temp. (91) (123) for 48 hrs. (119), 
or from C in ale. run into a stirred aq. soln. of HgCl2 + NaCN -f KOH (120), or from 
C shaken with an aq. soln. of HgO -{- NaCN -|- NaOH (122). — Note, however, that 
in fact this prod, results only from the highcr-boilg. {cis) stereoisomer of C (3:5042) 
and that the lower-boilg. {trans) stereoisomer (3:5028) reacts much more slowly 
and quite differently to yield mercury 6t>-(a,i3-dichloroothylenide), m.p. 50.3® (122). 
— Note further that by the above treatment 1,1,2-trichloroethylene (3:5170) gives 
mercury 6is-(trichloroethylenide), m.p. 83°, but this prod, is much more sol. in CHCI3 
than the analogous material from C (for use in detect, of C in pres, of 1,1,2-trichloro- 
ethylene see (123)).] 
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II 2748; C.A. 28, 1144 (1934). 

(71) Dietrich, Lohrengel (to Reichsmonopolverwaltung fiir Branntwein), Ger. 649,118, Sept. 
13, 1937; Cmt. 1937; II 4102; C.A. 32. 951 (1938). (72) Imperial Chem. Ind., Ltd., French 
744,128, April 12, 1933; Cmt. 1933, II 605; C.A. 27. 3941 (1933). (73) Roessler-Hasslacher 
Chem. Co., French 732,569, Sept. 22, 1932; Cmt. 1932, II 3785; C.A. 27, 304 (1933) ; Ger. 573,106. 
March 3, 1932; [C.A. 27, 2961 (1933)]; not in Cent. (74) Bauer, U.S. 2,267,712, Dec. 30, 1941; 
C.A. 36, 2564 (1942): Rohm, Hass, Brit. 517,195, Jan. 23, 1940; [C.A. 35, 6699 (1941)]; not in 
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Cent.: French 840,867. May 6, 1939; Cent. 1980, II 4349; C.A. 84, 1781 (1940). (75) Mahncke. 
Noyes, J. Am. Chem. Soc. 58, 932-933 (1936). (76) Biesalski, Z. angew. Chem. 87, 317 (1924). 
(77) Mtiller, Schumacher, Z. EUktrochem. 43, 807-808 (1937). (78) Timmermans, BuU. aoc. 

ehim. Belg. 27, 334-343 (1913), Cent. 1914, I 618. (79) Chavanne, BuU. soc. chim. Bdg. 26, 

289-294 (1912); 28, 234-240 (1914>; Cent. 1912, 11 1006; 1914, II 1144. (80) Ghosh, Bhatta- 
oharyya, Murthi, J. Indian Chem. Soc. 14, 425-434 (1937). 

(81) Ghosh, S. K. Bhattacharyya, S. C. Bhattacharyya, Z. physik. Chem. B-32, 145-167 (1936). 
(82) Hofmann, Kinnreuther, B&r. 42, 4483 (1909). (83) Herz, Rathmann, Ber, 46, 2689 (1913). 
(84) Bruner, Fischler, Z. Elektrochem. 26, 84 (1884). (85) MtiUer, Honn, J. prakt. Chem. (2) 

188, 290 (1932). (86) Prins, Rec. trav. chim. 45, 80-81 (1926). (87) Brooks, Humphrey, J. 

Am. Chem. Soc. 40, 843-844. (88) Lepouse, Butt. soc. chim. Belg. 84, 133-142 (1925). (89) 

Ott (to Chem. Fabrik vorm. Weiler-ter-Meer, Ger. 362,744, Oct. 31, 1922; Cent. 1928, II 1246; 
C.A. 18, 1129 (1924). (90) Klimont, Chem. Ztg. 46, 621-522 (1922). 

(91) Hofmann, I^irrouther, Ber. 42, 4233-4234 (1909). (92) Thron, Chem. Ztg. 48, 142 

(1924). (93) Fromm, Landmann, Ber. 56, 2292 (1923). (94) Stabler, Btr. 47, 912 (1914). 

(96) Steinkopf, Huhner, Ber. 75, 1326-1327 (1942). (96) Burrows, Hunter, J. Chem. Soc. 1982, 

1368-1359. (97) Alder. Rickert, Ann. 543, 10-11, 26-27 (1940). (98) Lehmann (to I.G.), 

Ger. 716,069, Doc. 16, 1941; Cent. 1942, I 2684; C.A. 38, 2051 (1944). (99) Heilbron, Heslop, 

Irving, J. Chem. Soc. 1936, 782-783. (100) Prins, Engelhard, Rec. trav. chim. 54, 307-312 (1935). 

(101) Prins, J. prakt. Chem. (2) 89, 415, 417, 421 (1914). (102) Prins, Ger. 261,689, July 2, 

1913; Cent. 1913, II 394, [C.A. 7, 3641 (1913)J. (103) Kirkbride (to Imperial Chem. Ind., Ltd.), 

U.S. 2,297,564, Sept. 29, 1942; C.A. 37, 1450 (1943). (104) Prins, Rac. trav. chim. 56, 119-125 
(1937). (105) Prins, Rec. trav. chim. 56, 779-784 (1937). (106) Fromm, Benzinger, Schafer, 

Ann. 394, 325-334 (1912). (107) Fromm, Siebert, Ber. 55, 1021 (1922). (108) Cusa, McCombie, 

J. Chem. Soc. 1937, 769. (109) Munch, Chem. Ztg. 32, 811 (1908); Z. angew Chem. 21, 2059 

(1908). (110) B.A.S.F., Ger. 237,773, Sept. 18, 1911; Cent. 1911, 1079; C.A. 6, 1659 (1912). 

(Ill) Bohn. Ber. 43, 994-995 (1910). (112) Ioffe, Mazel, J. Russ. Phys -Chem. Soc. 62, 2001- 

2012 (1930); Cent. 1931, I 2879; C.A. 25, 4129 (1931). (113) B.A.S.F., Ger. 221,465, April 23, 
1910; Cent. 1910, I 1767; C.A. 4, 2740 (1910). (114) B.A.S F., Gor. 205,324, Dec. 24, 1908; 
Cent. 1909, I 605; C.A. 3, 1694 (1909) (115) Prins, Rec. trav. chim. 51, 471 (1932). (116) 
Binaghi, Oazz. chim. ital. 57, 672-673 (1927). (117) Stevens, J. Am. Chem. Soc. 56, 450-462 

(1934). (118) Weber, Chem. Ztg. 57, 836 (1933) ; Cent. 1933, II 3889; C.A. 28, 727 (1934). (119) 

Bashford, Emeleus, Briscoe, J. Chem. Soc. 19^, 1358. (120) Ingold, J. Chem. Soc. 125, 1535 
(1924). 

(121) Hofmann, Kirmreuther, Ber. 41, 316 (1908). (122) FitzGibbon, J. Chem. Soc. 1938, 

1218-1222. (123) Schmalfuss, Werner, Z. anal. Chem. 97, 314-317 (1934). 


3 : 5035 14-DICHLOROETHANE 

(Ethylidene (di) chloride; 
Mn 5 yw.-dichloroethane ) 


B.P. 

57.30® at 760 mm. (1)(2) 

57.38-57.34° cor. (3) 

57.35° at 760 mm. (4) 

57.0-57.1® (5) (6) (7) 

57.1° at 760 mm. (8) 

56. 7-56.9° at 743 mm. (9) 


CH 3 .CHCI 2 


F.P. 

~96.6® (1) 
-96.7° (2) 
-97.4° (8) 
-99° (9) 


C 2 H 4 CI 2 Beil. I - 83 
Ii-(33) 
12 .( 53 ) 


= 1.16700 (1) 

Df = 1.17570(1) 

1.1765 (8) 

Z)l® = 1.18350 (1) 

nf? = 1.41638 (8) 
ng = 1.41075 (1) 


liquid. — [For b.p. at various press, from 70-277 mm. see (11).] — Aim. insol. aq. 
[for precise data see (6) (6) (7) (11).) — [For f.p./compn. data of mixts. with 2,2.dichloro- 
propane (3:7140) see (10).] — [For use as dry cleaning fluid see (12); for use as corrosion 
inhibitor for alk. on tinned metal see (13).] 

C forms with EtOH (1:6130), b.p. 78.3®, a const.-boilg. mixt., b.p. 54.6®, contg. 88.5 
wt. % C (4); C forms with isopropyl ale. (1:6136), b.p. 82.45®, a const.-boilg. mixt., b.p. 
66.6®, contg. 82 wt. % C (4); C forms with ter-butyl ale. (1:6140), b.p. 82.6®, a const.- 
boilg. mixt., b.p. 57.1®, contg. 94 wt. % C (14); C forms with acetone (1:6400), b.p. 56®, 
a const.-boilg. mixt., b.p. 67.55®, contg. 70 wt. % C (14); C forms with CS 2 , b.p. 46.3®, 
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const.-boilg. mixt., b.p. 44,76®, contg. about 28 wt. % C (14). [For study of b.p., 2>, and 
vapor-liq. equil. of binary mixts. of C with CHCI 3 (3:6050), CCI 4 (3:6100), or with 1,2- 
dichloroethane (3:5130) see (27).] 

[For soly. of aq. in C see (29); for adsorption of C by activated carbon at various temps, 
see (30).] 

[For prepn. of C from acetaldehyde (1:0100) with PCls see (15) (16) (17); from vinyl 
chloride (3:7010) by catalyzed addn. of HCl see (18) (19) (20) (note that in absence of 
catalyst addn. of HCl to vinyl chloride is very slow (21)); for formn. of C (22.6%) together 
with other products from ethane with CI 2 above 290° in pres, of ethylene see (28),] 

C on passing over pumice at dark red heat jdelds (22) (23) vinyl chloride (3:7010) -f- 
HCl. 

[For reactn. of C + AICI 3 with 1 , 2 -dichloroethylcnc (3:6030) or with trichloroethylene 
(3:5170) yielding polychlorobutanea see (24); for reactn. of C with amylidene diso^um 
see (25).] 

C on htg. in s.t. at 120° with aq. ale. soln. of 2 moles Na (or K) o-naphtholate yields (26) 
acetaldehyde di-a-naphthylacetal, ndls., m.p. 117° (26). 

3:5035 (l) Timmermans, Martin, J. chim. phys. 23, 770-771 (1926). (2) Timmermans, BvU, 
soc. chim. Belg. 25, 300-327 (1911); Cent. 1011, II 1015. (3) Maryott, Hobbs, Gross, J. Am, 

Chem. Soc. 63, 660 (1941). (4) Lecat, Rec. trav. chim. 46, 242 (1927). (5) Gross, Physik. Z. 

32, 589 (1931). (6) Gros,s, Z. physik. Chem. B-6, 21.5-220 (1929). (7) Gross, J. Am. Chem. 

Soc, 51, 2302-2365 (1929). (8) Heiine, Hubbard. J. Am. Chem. Soc. 58, 404 (1936). (9) Schiff. 

Ann. 226, 96 (188.3). (10) van de Vloed, BuU. soc. chim. Belg. 48, 260 (1939). 

(11) Rex. Z. physik. Chem. 55, 358 (1900). (12) Paikhurst (to Stand. Oil of Cal.), U.S. 

I, 948,045. Feb. 20, 1934; Cent. 1934, II 863; C.A. 28, 2924 (1934). (13) Nitti (to E. R. Squibb 

and Sons), U.S. 2,152,658, Apr. 4, 1939; Cent 1939, II 2473; C.A. 33, 4956 (1939). (14) Locat, 
Ann. soc. sci. BruxeUes, 49, 110 (1929). (15) Gcuther, Ann. 165, 323-324 (1868). (16) Wurtz, 

Frapoli, Ann. 168, 22:1-224 (1858) (17) Beibtein, Ann. 113, 110-112 (1860). (18) Nutting. 

Petrie, Huscher (to Dow Chem Co.), U.S. 2,007,144, July 2, 1935, Cent. 1935, II 3829, C.A. 29, 
6460 (1935). (19) Wibaut, van Dalfsen (to Dow Chem. Co), U.S. 1,990,968, Feb. 12, 1936; 
Cent. 1936, II 2580; C.A. 29, 2178 (19.35). (20) Coleman (to Dow Chem. Co.), U.S. 1,900,276, 
March 7. 1933; Cent. 1933, I 3364; C.A 27, 2965 (1933). 

(21) Kharasch, Hannum, J. Am. Chem. Soc. 66, 712-714 (19:i4). (22) Biltz, Ber. 35, 3524- 

3625 (1902). (23) Biltz, Ktippers, Ber. 37, 2398-2423 (1904). (24) Consortium fiir Elektro- 

chemischo Ind., Brit. 453,414, Oct. 8, 1936; Cent. 1937, I 1012. (25) Morton, Massengale, 

J. Am. Chem. Soc. 62, 120-123 (1940). (26) Fosse, Bull. soc. chim. (3) 23, 516 (1900). (27) 

Kaplan, Monakhova. J. Gen. Chem. iU.S.S.R.) 7, 2499-2512 (1937); Cent. 1938, II 1572; C.A. 
32, 2404 (1938). (28) Vaughan, Rust, J. Org. Chem. 5, 466-467 (1940). (29) Staverman, 

Rec. trav. chim. 66, 836-841 (1941); Cent. 1942, I 1352; C.A. 37, 2638 (1943). (30) Pearce. 
Evorsole, J. Phys. Chem. 38, 383-393 (1934). 
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3:5042 cis-l,2.DICHLOROETHYLENE H— C— Cl C 2 H 2 a 2 BeU.! — 


(cm- Acetylene dichloride) 

11- ( 78) 

12- (150) 

B.P. 


F.P. 


60.33-60.38* 

'cor. 

(1) -88' (22) 

Df = 1.8743 (12) 

60.25° 

at 760 mm. 

(2) (3) (4) -81' (17) 

Df = 1.8880 (12) 

60.2° 

at 760 mm. 

(5) -80.5' (3) 

Z)l® = 1.8913 (2) 

60.14° 


(6) 

1.8896 (12) 

60.1° 


(7) 

= 1.44884 (11) 

60.0-60.5° 


(8) (9) 

69.9-60.1° 

at 760 mm. 

(10) 

niJ = 1.44998 (15) 

69.9° 

at 768 mm. 

(11) 

njf = 1.45189 (3) 

69.8° 

at 763 mm. 

(12) 


59.6° 

at 746 mm. 

(13) 


59.5-60.1° 

at 763 mm. 

(14) 


69.4-59.7° 

at 749.6 mm. (15) 


69.4-60.4° 


(39) 


69° 


(16) 



See also both <rans-l, 2-dichloroethylene (3:5028) and ordinary (mixt. of ds and trans) 
1,2-dichloroethylene (3:5030); the following text is restricted to studies on substantially 
pure m-stereoisomer. 

Note carefully that 1,2-dicliloroethylone is not the same as ethylene (di)chloride (3 : 5130) 
(there are an almost incredible number of errors in the literature involving this point); 
neither is it the same as the now very important 1,1-dichloroethylene (vmylidene (di)- 
chloride) (3:5005). 

GENERAL DATA ON C 

Note that substantially pure C is commercial solvent in U.S.A. under designation ** Di- 
60 (referring to the two chlorine atoms and the b.p.) [for study of thermal conductivity 
and for tabulation of constants of comml. C see (18). — For toxicity of C see (40) (23). — 
For use of C in extraction of caffeine from coffee see (24)]. 

[For data on vap. press, of C over temp, range 27-59.8° see (12). — For data on flam- 
mability of C see (19). — For ebullioscopic constant of C, viz;., 34.4° (for 1 mole solute in 
100 g. C), see (20).] 

Binary systems contg. C. (See also below under azeotropes.) — [C -f trans-l,^- 
dichloroethylene (3:5028): for use of no in detn. of composition of mixt. see (11); for f.p./ 
compn. data (eutectic, f.p. —91°, contg. about 71% C) see (17). — For f.p./compn. data 
on binary systems C + ethylene idi)chloride (3:5130), C -f 1,1,3,3‘tetrachloroethane (acetyl- 
ene tetrachloride) (3:5750), or ^ + ethylene (di)bromide see (17). — For study of soly. of 
various other cisjtrans isomers in C see (5).] 

Quaternary systems contg. C. [For study of system contg. C + CHCI3 (3:5050) + 
trichloroethylene (3:6170) + EtBr (eutectic, f.p. —139.1°, contg. 13.8 wt. % C -}- 19.7 
wt. % CHCI 3 + 21.6 wt. % trichloroethylene + 44.9 wt. % EtBr recommended as a 
non-inflammable mixt. for low-temp, cryostats) see (22); for mixt. of the above four compds. 
+ methylene dichloride (3:5020) (similarly recommended) see (22).] 

Azeotropes contg. C. Binary aaeotropea — C vnih aq, forms a const.-boilg. mixt., b.p 
65.3°, contg. 96.65% C (41) (42). — C with EtOH (1:6130) forms a const.-boilg. mixt., 
b.p. 67.7° at 760 mm. (21) (41) (42), contg. 90.20% C (41) (42) = 81.4 mole % C (21). 

Ternary azeotropes. C with EtOH (1 :61S0) -f aq. forms a const.-boilg. mixt., b.p. 
53.8°, contg. 90.50% C + 6.65% EtOH -f 2.85% aq. (41) (42>. 
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PREPARATION OF C 

Pure C is usually obtd. by careful fractional distillation at ord. press, of the mixt. of 
cis and trana stereoisomers comprising ord. 1,2-dichloroethylene (3:5030) (for brief com- 
ments on this mode of sepn. see (1) (2) <6) (7) (8) (9) (10) (11) (13) (15) (27); note that 
some workers (13) recommend distn. in atmosphere of CO2. — For detn. of the % compn. 
of mixts. of C with its stereoisomer by means of see (11); by means of dielectric const, 
see (13) (27)]. 

[For study of possibility of sepn. of C from its stereoisomer by differential adsorption on 
silica gel see (25).]^ 

[For prepn. of C from pure tram stereoisomer (3 : 5028) by isomerization with 6 wt. % 
Br2 in dark for 24 hrs. followed by subsequent fractionation of the resultant mixt. see (11).] 


ISOMERIZATION OF C 

C under the influence of heat, light, or various catalysts in part isomerizes to tram- 

1.2- dichloroethylene (3:5028). — [For study of thermal isomerization of C in vapor phase 
at 185-275® (26), up to 350® (27), up to 975® (28), in liquid phase or in various solutions 
(13) see indie, refs.; note that the equilibrium mixt. at 300® conts. 60.8 ± 0.7% C, at 350® 
conts. 59.4 db 0.3% C (27), at 975® conts. 52.3% C (28). — For study of kinetics of thermal 
isomerization see (29).] 

[For patent on isomerization of pure C to a mixt. contg. 18% trans stereoisomer by 
means of a small amt. Br2 at 30® or above in pres, of cat. or in vapor phase at not over 300® 
see (30).] 

CHEMICAL BEHAVIOR OF C 

Reactions with inorganic compds. C (in vapor phase at 95® in light of 4360 A (31)) 
with CI2 (in absence of O2), or C as liquid with SO2CI2 (IJ^ moles) in pres, of trace of 
dibenzoyl peroxide refluxed 3 hrs, in dark (8), adds 1 mole halogen giving (85% yield (8)) 

1 . 1 .2.2- tetrachloroethane (acetylene tetracliloride ) (3:5750). 

C with Br2 in sunlight adds 1 mole halogen yielding (2) (32) l,2-dibromo-l,2-dichloro- 
ethane [BeU. 1-93, Ir(29), l2-(64)], b.p. 195® at 760 mm. (3) (33), b.p. 79.0-79.5® at 15 mm. 
(2). — [For extensive study of influence of O2 and other factors see (32); for study of 
kinetics in CCI4 soln. see (2) (34) (35); note that rate of acldn. of Br2 either directly or in 
CCI4 is half as great as for the stcreoisomeric trans form (3 : 5028) but that it is increased 
in pres, of SbBra (35).] 

C in the absence of AICI3 or other cat. does not add dry HCl; satn. of C with dry HCl 
changes by an amount corresp. to only 2% change in compn. (11). 

[C with ale. KOH splits out 1 HCl yielding chloroacetylene (3:7000); note that this 
reactn. is about 20 times as fast for C as for its trans stereoisomer (2).] 

C with aq. NaOH/Hg(CN)2behaves quite differently from its trans stereoisomer (3 : 5028) : 
on shaking at room temp, with specified conens. (16) C begins to react within 30 min., 
losing 1 HCl and pptg. mercuric 6is-(chloroacetylide), Hg( — C«C — Cl)2; this prod, cryst. 
from CHCI3 (36) (37) (38) in white shining pi. with characteristic acetylene-like odor and 
although alleged to melt at 185® (36) (37) has also been found to explode with great violence 
well below that temp., i.e., 174r'175® U6). 

Reactions with organic compds. [C with CcHe 4- Al/Hg at 0® gives same prods, as 
does the ordinary (mixture) 1,2-dichloroetl^lene (3:5030) (presumably indicating partial 
isomerization of C); these prods, include dibenzyl, triphenylethane, tetraphenylethane, 
etc. (15).] 
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8:5042 (1) Maryott, Hobbs, Gross, J. Am, Chem, Soc, 63, 660 (1941). (2) Chavanne, Compt, 
rend. 154, 776-777 (1912); Cent. 1912, I 1639; BuU. eoc. chim. Bdg. 26, 289-294 (1912); Ceni. 
1912, II 1006; BvU, eoc. chim. Belg. 28, 234-240 (1914); Cent. 1914, II 1144. (3) Timmermans, 
BuU. eoc. chim. Belg. 27, 334-343 (1913); Cent. 1914, 1 618. <4) Bonino, Briihl, Gaez. chim. ital. 
59, 648-649 (1929); Z. Phyeik 58, 195 (1929). <6) Lebrun, Bull. soc. chim. Belg. 39, 423-433 
(1930). (6) Ebert, Billl, Z. physik. Chem. A-162, 451-462 (1931). (7) Mahncke, Noyes, /. 
Chem. Phye. 8, 636 (1935). (8) Kharasch, Brown, J. Am. Chem. Soc. 61, 3433 (1939). (9) 
Saohsse, Phyeik. Z. 36, 366 Note (1935). <10) Walker, Trans. Faraday Soc. 81, 1434 (1935). 

<11) Jones, Taylor, J. Am. Chem. Soc. 62, 3480-3485 (1940). (12) Herz, Rathmann, Chem. 
Ztg. 37, 622 (1913). (13) Wood, Dickinson, J. Am. Chem. Soc. 61, 3259-3263 (1939). (14) 

Bonino, Qclzz. chim. 55, 342 (1925). (15) Bdeseken, Bastet, Rec. trav. chim. 82, 197-203 
(1913). (16) FitzGibbon, J. Chem. Soc. 1938, 1218-1222. (17) Timmermans, Bull, eoc, chim. 

Belg. 86, 184-187 (1927). (18) Bates, Hazzard, Palmer, Ind. Eng. Chem. 33, 375-376 (1941). 

(19) HuJff, U.S. Bur. Mines, Repts. Investigations 3490, 36 pp. (1940); C.A. 34, 5661 <1940). 

(20) Walden, Zastrow, Roudolf, Ann. Acad. Sci. Fenmcae, A*29, No. 23 (Komppa Festschrift), 
26 pp. (1927); Cent. 1928, I 166; C.A. 22, 1515 (1928). 

(21) Lecat, “ L’Azootropisme," Brussels 1918, Lecat No. 345. (22) Kanolt, Natl. Bur. Stand- 
ards HJ.S.) Sci. Papers S-520, Vol. 20, 619-633 (1926). (23) Ferguson, Nature 137, 361-362 

(1936). (24) Brunner. Swiss 167,162, AprU 16. 1934; Cent. 1934, II 2617; C.A. 28, 5552 (1934). 

(26) Hesse, Tschachotin, Naturwissenechaften 30, 387-392 (1942) , Cent. 1942, II 1326; C.A. 37, 
6211 (1943). (26) Wood, Stevenson, J. Am. Chem. Soc. 63, 1660-1653 (1941). (27) Olson. 

Maroney, J. Am. Chem. Soc. 56, 1320-1322 (1934). (28) Maroney, J. Am. Chem. Soc. 57, 2397- 
2398 (1935). (29) Tamamusi, Akiyama, Isii, Z. EUktrockem. 47, 340-345 (1941); C.A. 35, 

6869 (1941). (30) Mugdan, Rost (to Consortium fur Elektrochem. Ind.), Ger. 595,464, April 11, 

1934; Cent. 1935, 1 2599. 

(31) Miiller, Schumacher, Z. phyeik. Chem. B-35, 466-457 (1937). (32) Verhoogen, Bull. soc. 
chim. Belg. 34, 434-466 (1925). (33) van de Walle, BuU. soc. chim. Belg. 28, 307 (1914). (34) 
Herz, Rathmann, Ber. 46, 2589 (1913). (35) Bruner, Fischler, Z. Elektrochem. 20, 84 (1914). 

(36) Bashford, Emel4us, Briscoe, J. Chem. Soc. 1988, 1358. (37) Ingold, J. Chem. Soc. 125, 

1536 (1924). (38) Hofmann, Kirmreuther, Ber. 42, 4233-4234 (1909). (39) Awberry, Griffiths, 

Proc. Phys. Soc. {London) 48, 378 (1936). (40) Lehman, Schmidt-Kehl, Arch. Hyg. Bakt. 116, 

131-268 (1936); C.A. 31, 477 (1937); not in Cent. 

(41) Chavanne, Bull. soc. chim. Belg. 27, 206-209 (1913); Cent. 1913, II 1376; C.A. 8, 1106 
(1914). (42) Gowing-Scopes, Analyst 39, 6 (1914). 


3:5050 CHLOROFORM CHCI 3 Beil. I - 61 


(Trichloromethane ) 




Ii-( 9) 






l2-(14) 

B.P, 


F.P. 




[62.0° at 760 

mm. 

(2)] -63.0° 

(27) 

1^® = 1.47060 (12) 



(28) (61) 

_25 4 

= 1.44295 (49) 

[61.97° at 760 

mm. 

(3)J -63.2° 

(29) 

2^® = 1.47988 

(12) 




(26) 

1.47972 

(20) 

[61.64° at 700 

mm. 

(4) -63.3° 

(30) 

1.47955 

(45) 



(1)1 -63.41° 

(31) 

1.4794 

(43) 

[61.40° at 768 

mm. 

(5)1 -63.495° 

(32) 

1.4793 

(44) 

> 61.36-61.38° at 763.9 mm. 

(6) -63.6° 

(33) 

1.4791 

(21) 



(34) (36) (36) 

1.4789 

(19) 



(37) (12) (38) 

1.4702 

(46) 

61.33-61.38^ at 760 

mm. 

(7) -63.57° 

(17) 

n!? 

» 1.44460 (50) 

61.3^ u,c. at 769 

mm. 

(8) -63.6° 

(39) 


1.4433 (51) 

61.38^ at 761 

mm. 

(9) -63.7° 

(40) 


1.4431 (19) 

61.30-61.35^ at 760 

mm. (10) -64.19° 

(41) 


1.44300 (52) 

61.3r at 760 

mm. (11) -66.3° . 

(42) 


1.4424 (44) 

61.30** at 760 

mm. (12) 



=* 1.4437 (43) 

(1) (15) (16) See Note 2. 



=== 1.44500(53) 
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B.P. (cmid.) 
61.152° 

at 760 

mm. (13) 

= 1.48921 (13) 


61.16° 

at 760 

mm. (14) 

1.48917 (12) 


61.09° 

at 760 

mm. (17) 

1.48913 (13) 


61.07-61.09° at 760 

mm. (18) 

1.48901 (13) 


61.05-61.10® 

at 760 

mm. (50) 

1.4890 (47) 


61.05-61.10° at 768 

mm. (19) 

1.4889 (10) 


61.0® 


(20) 

(48) 


61.0® 

at 765 

mm. (21) 

1.4817 (62) 


60.94-60.96® 

at 766 

mm. (22) 

7^" ~ 1.44637 

(10) 

60.93® 

at 744.2 mm. (4) 

1.4458 

(7) 

60.9® 

at 764.3 mm. (23) 

1.446 

(17) 

60.9® 

at 732 

mm. (24) 

“ = 1.4828 (54) 


60.7® 

at 743.8 mm. (25) 

n}? »* - 1.44572 

(64) 

60.39® 

at 736.6 mm. (4) 

DY = 1.49845 (12) 


66.0® 

at 664 

mm. (21) 

1.4963 (21) 


66.10® 

at 632.8 mm. (26) 

ni,'^ = 1.44858 

(12) 

63.8® 

at 616 

mm. (21) 

1.4466 

(66) 

60.6® 

at 660 

mm. (21) 

n}?® = 1.4506 

(66) 

47.0® 

43.8® 

at 481 
at 416 

mm. (21) 
mm. (21) 

See Note 3. 


40.40® 

at 371.8 mm. (26) 

Note 1. For b.p. of C at various pressures 

38.0® 

at 342 

mm. (21) 

from 355-2347 mm. see (13); for vap. press, of 

33.0® 

at 287 

mm. (21) 

C over range —62.1® to 0® (57) or —64.2® to 

38.115® 

at 221.8 mm. (26) 

—10.7® (58) see indie, refs. 


37.0® 

at 223 

mm. (21) 

Note 2. For influence of high press, on 

m.p. 

See Note 1. 



of C see (33); for study of rate of solidification 




see («Sd|. 



Note 3. For D{ over range —61.3® to 4-69.8® 
see (59). 


[For extraordinarily comprehensive reviews 
of the history and general chemistry of C see 
(1) (60).] 

alao methylene {di)chloride (3:5020) and carbon tetrachloride (3:5100).] 

MISCELLANEOUS PHYSICAL PROPERTIES OF C 
Various Solubility Relations 

With water. C is only very slightly sol. aq. and is eas. volat. with steam; e.g., 100 g. 
aq. at 15® dissolves 0.852 g. C (18); water satd. with C conts. at 20® 0.8% C (63) cf. (64). 
For studies of soly. of aq. in C at 0® (65), 20® (63), 25® (65), and 30® (65) see indie, refs.; 
note that at 20® C satd. with aq. conts. 99.8% C and has « 1.486 (63). 

With various inorganic compounds. [For d&ta on soly. in C of H 2 (66), O 2 (78), HCl 
(67) (68^ (69) (79), HBr (68) (69), H2S (67), NH3 (6^, CO 2 (70) (80) (81), N 2 O (81), and 
NO 2 (70) see indie, refs. — For data on soly. of l 2 in C see (71) (72) (73) (74); for study of 
nature of I 2 solns. in C see (75); for soly. of I 2 in vapor of C see (76).] 

With organic materials. [For study of absorption of vapor of C by kerosene see (77).] 
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Binary Systems Containing C 
(See also azeotropes containing C) 

6 with various inorganic compounds. C + ag.: for soly. data and diag. see (64); note 
that a previously described (82) hydrate of C could not be confirmed (64). — (? + Ck: 
for f.p./oompn. data and diag. (note that 4 different compounds are formed) see (34). — 
C 4 - Br^: for f.p./compn. data and diag. see (34) (36) (note that no compds. are formed 
and that eutectic has m.p. —72® (34) with about 86 mole % C). 

C with org. cpds. of Order 1. € + n-hexane (1:8530): for f.p./compn. data see (83); 
for densities over range —90® to +60® see (85). — C + Ce/Ze (1:7400): for f.p./compn. 
data and diag. see (38); for DjVcompn. and no/compn. data over entire range see (19); 
for 1 ^ 5 /compn. data see (18); for liq. vapor equil. see (19) (117) (112) (124). — ^ + tduene 
(1 : 7405) : for f.p./compn. data see (83); for data on specific gravity of system from 15-25® 
see ( 86 ); for study of liq -vapor equil. see (123). — G + cydohexane (1:8405): for f.p./ 
compn. data see (83); for DJ® compn. see (47). 

C + MeOH (1 : 6120) : for f.p./compn. data see (37) (84); for Z)??/compn. and nlf /compn. 
see (44). — C + EtOH (1:6130): for /)f /compn. data see (45) (46). — 5 + benzyl ale. 
(1:6480): for density /compn. data over entire range see (87). 

C + diethyl ether (1 : 6110): for f.p./compn data and diag. see (42) (88); for DjVcompn. 
see (47). — C + diisopropyl ether (1:6125): for i) 4 ®/compn. see (47). — C + dioxane~l,4 
(1 : 6400) : for /ij^/compn. see (47). — 5 + ethylene glycol dimethyl ether (1 : 6141 ) : for study 
of heat of mixing see (89). — 5 + tetraethylene glycol dimethyl ether: for study of heat of 
mixing see (89). 

C + dimethyl carbonate (1:3046): for Dj^compn. data see ( 20 ). — C + diethyl carbonate 
(1 : 3150) : for Z> 4 Vcompn. data see (20). 

C + acetone (1:5400): for f p. /compn. data see (27); for Dj^/compn. ( 47 ), Z)|Vcompn. 
(19) (46), nlf /compn. (19), and nU’^/compn. (49) data see indie, refs. ; for refractive index/ 
compn. for light of various wave lengths see (52). 

With org, cpds. of Order 2. C + nitrobenzene: for f.p./compn. data and diag. (eutectic, 
f.p. —71.0® conts. 81.5 wt. % C) see (61). — (? + aniline: for f.p./compn. data and diag. 
see (27). — (? + Ar,jV-dimethylamline: for Dj®, wd and no'^ over entire range of 
composition see (43). — C + quinoline: for Dl^/compn. data see (47). 

With org. cpds. of Order 3. C + CH 2 CI 2 (3:5020): for f p. /compn. data and diag. 
(eutectic, f.p. —108.4® conts. 29.5 wt. % C) see (39); for data on b.p., 1^®, and liq.-vapor 
equil. see (90). — C + CCh (3:5050) : for f.p./compn. data and diag. (eutectic, f.p. —81.4® 
conts. 50.6 wt. % C (39)) (36) (83) (91) see indie, refs.; for l> 4 ®/compn. (48) (90), Dll/ 
compn. ( 8 ), b.p. and liq.-vapor equil. (90) see indie, refs. — C + 1 ,1-dichloroethane (3 : 5035) : 
for b.p., 7 ) 4 ®, and liq.-vapor equil. see (90). ,— ^ + 1,^’dichloroethane (3 : 5130) : for data on 
vap. press. (92) and liq.-vap. equil. (93) see indie, refs. — (5 + l,l,14richloroelhane (3 : 5058) : 
for f.p /compn. data see (94). — (? + Ifl, ^-trichloroethylene (3:5170): for f.p./compn. data 
and diag. (eutectic, f.p. —100.2®, conts. 31,2 wt. % C) see (39). — 5 + ^,0'-dichlorodiethyl 
ether (3:6025): for D 4 ®/compn. data see (47). 

With org. cpds. of higher orders. C + IfS-dibromoethane: for D 4 ®/compn. data see 
(47). — (? + CBr^: for f.p./compn. data and diag. see (91). — (? + CHh: for vap. press, 
data see (95). — (? + CS 2 : for f.p./compn. data see (83); for DH compn. (96) or 141/ 
compn. ( 8 ) see indie, refs.; for liq.-vapor equil. data see (97). 
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Tsrnart Systems Containing C ^ 

(See also azeotropes containing C) 

C -4- acetone (1:5400) + H 2 O: for studies of liq. equil. at 25® see (98) (99) (100) (101) 
(102). — C + acetone (1:5400) + MeOH (1:6120): for ternary b.p. diag. see (103). — 
C + acetone (1 :5400) + diethyl ether (1:6110): for data on refraction see (104). — C + 
acetone (1:5400) 4- diisopropyl ether (1:6125): for ternary b.p. diag. see (103). 

C + acetone (1:5400) H- CtHs (1:7400): for ternary b.p. diag. see (103) (19) (105); for 
refractive data see (104). 

C 4- acetone (1:5400) + CH^Ch (3:5020): for ternary b.p. diag. see (103). 

G + acetic acid (1 : 1010) -f aq.: for studies of liq. equil. at 25® see (104) (106) cf. (99). — 
C + acetic add + lubricating oil: for studies of liq. equil. at 25® see (107). 

C 4- CH 2 CI 2 (3:5020) 4 CCI 4 (3:5100): eutectic, f.p. -111.4®, cents. 27 wt. % C + 
60 wt. % CH 2 CI 2 4- 13 wt. % CCI 4 (39). 

Quaternary Systems Containing C 

C 4 - acetone (1 : 5400) 4- AcOH (1 : 1010) 4- aq.: for study of liq. equil. at 25® see (100); 
for study of use of system in mixed solv. extraction of lubricating oils see (107) (108). — 
C 4 trans-1 ^2‘dichloroethylene (3:5028) 4- ltl,2~tnchloroeihylene (3:5170) 4“ CzHhBr: 
eutectic, f.p. —139.1®, conts. 17.7 wt. % C 4- 13.8 wt. % <ra7i«-l,2-dichloroethylene 4- 
21.6 wt. % trichloroethylene 4- 44.9 wt. % C 2 H 6 Br (39). 

Binary Azeotropes Containing C 

C 4“ H 2 O: C forms with aq. a const.-boilg. mixt., b.p. 56.1®, contg. 97.5 wt. % C (14). 

C 4 MeOH (1:6120): C forms with McOH a const.-boilg. mixt., b.p. 53.5® (103) (109), 
contg. 87.5 wt. %_(103) = 65 mole % (109) C, cf also (110) (111) (4) (112) (113). — (? 4- 
EtOH (1:6130): C forms with EtOH a const.-boilg. mixt., b.p. 59.3® at 760 mm. (Ill), 
59.35® at 760 mm. (14), contg. 93.2 wt. % C (111) cf. (14) = 84 mole % C (111) (see also 
(4) (110)) of D 16 = 1.4112 (14); for thermodynamic study of tliis system see (114); for 
study of liq.-vap. equil. see (45). — G isopropyl ale. (1:6135): C forms with isopropyl 
ale. a const.-boilg. mixt., b.p. 60.8® at 760 mm. (Ill), contg. 95.5 wt. % C (111) « 92 
mole %C (111). — G 4- formic acid (1:1005): C forms with formic acid a const.-boilg. 
mixt,, b.p. 59,15® at 760 mm. (115), contg. 85 wt. % C (115). — G -{• ethyl formate (1 :30(X)) : 
C forms with ethyl formate a const.-boilg. mixt., b.p. 62.8® (116), 62.7® (111) at 760 mm., 
contg. 87 wt. % C. — G 4 methyl acetate (1:3005): C forms with methyl acetate a const.- 
boilg. mixt., b.p. 64.8® at 760 mm. (Ill), contg. 77 wt. % C (111); b p. 63.0® at 726.3 mm. 
contg. 50 wt. % C (117); b.p. 62.6® at 717.5 mm. contg. 56 wt. % C (117); for study of 
constant evapn. system see (125). — G 4 diisopropyl ether (1:6125): C forms with di- 
isopropyl ether a const.-boilg. mixt., b.p. 70.5®, contg. 36.5% wt. % C (103). — 5 4 acetone 
(1 : 5400) : C forms with acetone a const.-boilg. mixt., b.p. 64.5® at 760 mm. (109) (103) 
(19) (105) (111), contg. 79.5 wt. % C (111) (103), 78 wt. % C (19) (105), 65.5 mole % C 
(109); b.p. 62.4® at 732.0 mm. contg, 80 wt. % C (117); b.p. 62.25® at 719 mm. contg. 86 
wt. % C (117) cf. also (112); b.p. 61.95® at 716.5 mm. contg. 85 wt. % C (117): for studies 
of liq.-vapor equil. of C 4 acetone see (19) (105) (117) (112), for study of vap. press, see 
(26) (49) (118) (119) (120) (121): for study of distn. of C 4 acetone in wetted wail column 
see (122). 

Ternary Azeotropes Containing O 

G 4 EtOH {1:6130) 4 aq.: C forms with EtOH 4 aq. a ternary const.-boilg. mixt., 
b.p. 55.4-55.5® at 760 mm., contg. about 92.6 wt. % C 4 4.0 wt. % EtOH 4 3.6 wt. % 
aq. (14). 
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Other Selected Physical Characteristicb op C 

[For study of thermal conductivity of C <126) <127) see indie, refs.; for studies of heat 
capacity of C <17) as calcd. from spectroscopic data <128) <129) see indie, refs.; for study 
of critical temp, of C and its microdetn. see <130); for studies on value of ebullioscopic const., 
viz., 3.766® per mole solute in 100 g. C <131), and review of prior work see <131).] 

[For studies of adsorption of C on various carbons <132) (135) (155), animal charcoal 
(133) <134), wood or cocoanut charcoal <136) <137) (138) (139) <140) (141) (142), glass wool 
(143) <144), glass powder (145), alumina gel (146) (147), silica gel (148), vitreous silica (149), 
Fe(OH)8 gel (150), Cr(OH)3 gel (151) cf. (152), Ti02 gel (153) (154), see indie, refs.] 

PHYSIOLOGICAL ASPECTS OF C 

C was first prepared in 1831 by three independent workers, viz., Liebig, Souberain, and 
Guthrie (for amplification see (1)). C has long been used in medicine especially as an 
anesthetic but a detailed account of this aspect is beyond the scope of this book. [For 
history and clinical use of C see (156); for report of 3000 cases of anesthesia with C see (157). 
For examples of articles commemorative of the centenary of the discovery of C and its 
use in anesthesia see (158) (159) (160) (161).] 

The vapor of C in conens. of 6.8--8.2% by volume in air will kill most animals in a short 
time; a conen. of 1.4% by volume is dangerous to life after 30-60 min exposure; the max. 
conen. tolerable for 60-min. exposure without serious disturbances is 0.5-0 6% by voliune; 
the max. conen. tolerable for several hrs. or for prolonged exposure with but slight s3rmptoms 
is 0.2% by volume (163). 

[For impt. study of toxicity of C including its effect upon various organs sec (164).] 

USES OF C 

C IS widely used as solvent and chemical reactant and any detailed survey of this aspect 
is beyond the scope of this book, [However, for use of C as solvent for ozonization reactions 
(24), as means of dehydration of EtOH (165), in mixt. with 100% HNO3 + AC2O as nitrat- 
ing or nitroesterifying reagent (166), in colorimetric detn. of I2 (167), or in prepn. of AICI3 
from A1 -f Br2 -j- C (168) see indie, refs.] 

DETECTION OR DETERMINATION OF C 

Detection of C. [For study of isolation of C from very dil. solns. by distn. see (169).] 

Note that many of the tests for C may be given by other haloforms (e.g., CHBrs, CHI3, 
etc.) or by trichloroderivatives which under particular test conditions yield CHCI3 by 
cleavage (e.g., chloral (3:5210), chloral hydrate (3:1270), l,l,l-trichloro-2-methyl- 
propanol-2 « '' chloretone ” (3:2662), loss of CO2 (trichloroacetic acid (3:1150)) or other 
decompns. 

[For study of detectn. of C by color reaction with pyridine alk. (Fujiwara reaction) 
see (170); note also further references to this test under detn. of C (below) and under 
trichloroethylene (3:5170).] 

[For detectn. of C by reaction with aq. NaOH -4- NH4OH to give NaCN and after 
acidification detectn. of resultant HCN by drop test methods see (171).] 

[For color reactions of C with phenols under various circumstances, e.g., C with re- 
sorcinol (1 ; 1530) -h NaOH (172) (173), with a-naphthol (1 ; 1500) -|- cyclohexanol (1 ; 6415) 
(174), with 2,7-dihydroxynaphthalene (1:1594) -f- cyclohexanol (175), see indie, refs. 
For use of last two methods in distinction of 0 from CH2CI2 (3:5020) and from CCI4 
(3:5100) see (173) (174); also at end of text of this compound under ©.] 
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[For distinction of G from CCU (3:5100) by its greater solvent power for papaverine 
hydrochloride <176) or quinine sulfate (177) see indie, refs.] 

Note that C reduces Fehling^s soln. on htg. whereas CCU does not (177). 

Note also that G with aniline + ale. alk. on htg. gives characteristic odor of phenyl 
isocyanide (carbylamine test) (178). 

Determination of C. Methods for the quant, detn. of C may be classified into two 
groups: (1) those depending upon total conversion of the chlorine to the ionized form 
followed by its determination by conventional methods; and (2) methods based upon 
color reactions. 

[For studies of methods of the first type involving decomposition of C by combustion 
in air (179) (187) or H2 flame (180), by combined combustion and hydrolysis in moist air 
at 1000~1100°C. (181) cf. (182), by alkaline hydrolysis (183) (185), by reduction using 
Na + triethanolamine (184) see indie, refs. For automatic apparatus for detn. of small 
conens. of C in air see (186); for detn. of C in mixtures contg. nonvolatile chlorides see (188) 
(189) (190) (191).] 

[For studies on use of color reaction with pyridine and alkali (Fujiwara reaction) as 
means for quant, detn. of C in air, soil, blood, tissue, etc., see (170) (192) (193) (194) (195) 
(196) (197) (198) (199). — For use of color reaction of C with a-naphthoi (1:1500) or 
/3-naphthol (1 : 1540) in ale. KOH as colorimetric method for detn. of C see (200).] 

DETECTION OF OTHER COMPOUNDS IN C 

[For studies on detn. of EtOH (1 : 6130) in C see (201) (202) (203); on detection of acetone 
(1:5400) in C see (204) (205); on detection of aldehydes |in C see (206); on detection of 
ecu (3:5100) in C see (175) (207) (208) (209); on detection of COCU (3:5000) in C see 
(210) (211) (212) (213) and also under phosgene (3:5000).] 

PREPARATION OR FORMATION OF C 

From methane. The formation of C together with CH3CI (3:7005), CHjCU (3:5020), 
ecu (3 : 5100), and other products has been very extensively studied from many viewpoints. 
The literature of this reaction, however, is so extensive and diffuse that no complete survey 
can be detailed in this book. For concise reviews of the older literature see (1) (214); for 
additional references see text of methylene (di)chloride (3 : 5020) under its formation from 
methane. 

From carbon tetrachloride. [For prepn. of C from CCU (3:5100) by reduction using 
Zn +‘H2S04 (215) (216) cf. (1) (214), finely divided Fe + aq. (217) + cat. (218) (219), 
Fe(OH)2 4- aq. alk. (220), or electrolytic reduction (221) see indie, refs.] 

From other halogenated hydrocarbons. [For formn. of C from mixts. of CH3CI (3 : 7005) 
+ CH2CI2 (3:5020) with CI2 + cat. at 400-650° (223), from CHCUF -f Aids as directed 
(CHCIF2 is also formed) (224), from CCUBr with boilg. alk. NasAsOs (225), from 1, 1,2,2- 
tetrachloroethane (3:5750) or its dehydrochlorination prod, trichloroethylene (3:5170) 
by pyrolysis at 700° (226), from 1,1,1, 2,2,3,3-heptachloropropane (3:0200) over CU2CI2 
below 250° (227) see indie, refs.] 

From various carbonyl compounds. [For prepn. of C from acetaldehyde (1:0100) with 
alkaline hypochlorite soln. at 70-80° (228) (229) cf. (1) (214) see indie, refs. For prepn. 
of C from trichloroacetaldehyde (chloral) (3:5210) or from chloral hydrate (3:1270) by 
warming with alkalies or alkaline reagents see texts of these compounds.] 

[For prepn. of C from acetone (1:5400) with alkaline hypochlorite solns. (228) (230) 
(231) cf. (1) (214) or by electrolysis of alkali chloride in aq. acetone (232) (233) (234) see 
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indie, refs. For formn. of C from various chlorinated ketones by action of alkali hypo- 
chlorites (haloform reaction) see (235) (236).] 

From alcohols. (For concise reviews of prepn. of C from EtOH (1:6130) by action of 
alkaline hypochlorite solns. see ( 1 ) (214); for formn. of C from various other primary and 
secondary alcohols in similar fashion see (237).] 

From miscellaneous sources. [For prepn. of C from trichloroacetic acid (3:1150) by 
loss of CO 2 under a wide variety of conditions see text of that compound imder decarboxyla- 
tion; from dichloroacetyl chloride (3:5290) on warming with AICI 3 see text of that com- 
pound; from mixtures of salts of fatty acids with inorganic chlorides by electrolysis see 
(238); from lignin with alkali hypochlorite see (239).] 

[For prepn. of trichlorodeuteriomethane (deuteriochloroform) (CDCI 3 ) from chloral 
deuterate -f NaOD (443) or from chloral (3:5210) -f D 2 O -f CaO (444) see indie, refs.; 
for rate of isotopic exchange between C and D 2 O see (445).] 

CHEMICAL BEHAVIOR OF C 

Pyroljrsis of C. [C passed at red heat over asbestos (240), over Pt wire at KKX)® (241), 
with 1% I 2 over pumice at red heat (242) cf. (243), or in electric arc (249) undergotis de- 
composition, and various proportions of carbon, HCl, hexachloroethane (3:4835), hexa- 
chlorobenzene (3:4939), tetrachloroethylene (3:5460), pentachloroethane (3:5880), and 
other products are claimed to result. C over htd. Ti 02 gives (245) HCl -f CO -h hexa- 
chlorobenzene (3:4939) 4 - TiCU. For other studies of pyrolysis of C at 368-400° (246), at 
425° (247), and at 512° (248) see indie, refs.] 

Oxidation of C. C is readily oxidized to carbonyl chloride (phosgene) (3 : 50(X)) by air, 
oxygen, ozone, or chemical oxidizing agents. In view of the extremely toxic character of 
phosgene, and of the extensive use of C in anesthesia, this aspect is of great importance and 
has been very extensively studied. 

By air or oxygen. [For an extensive account of the earlier literature on the oxidation of 
C in air and light see (250). Note that such oxidation is not effected by air in absence of 
light, nor by light in absence of air (251). C with limited air in sunlight reacts according 
to the following equation: CHCI 3 + O COCI 2 (3 : 5000) + HCl (252) but with excess air in 
sunUght in sense 2 CHCI 3 + 50--* 2 CO 2 + SCb + H 2 O (252). Note that C -h air over 
dry KOH gives (253) some phosgene (3:5000). For later studies on the photochemical 
oxidation of C (254) in tropical sunlight (255), including search for possible intermediate 
peroxides (256) (257), see indie, refs. For studies on chlorine-sensitized photochem. oxidn. 
of C see (258) (259) ( 2 (K)). For oxidn. of C by atomic oxygen see (261). The photochem. 
oxidn. of C is repressed by various inhibitors of which EtOH has been most extensively 
studied (262).]^ 

By ozone. [C dissolves ozone yielding a blue soln. in which some C is gradually oxidized 
(270) (271) to phosgene; for study of C as ozonization solvent see (24).] 

By other chemical means. [C with ClSOsH at 120 ° (263), with K 2 Cr 207 + H 2 SO 4 (264), or 
with air over CuO at 350-550° (265) gives phosgene (3:5000). Note, however, that C 
with cone. H 2 SO 4 above 200° gives (266) (267) CO + CO 2 + HCl + SO 2 while C with an 
equimolal mixt. of H 2 S 2 C )7 + SO 3 at 55-60° as directed (268) cf. (269) reacts in sense 
CHCI 3 -f* H 2 S 2 O 7 SO 3 — ► CO -f- 3 CISO 3 H with S 2 O 5 CI 2 (pyrosulfuryl chloride) being 
formed using more SO 3 , and H 2 S 04 using less SO 3 ] 

Inflammability of C. [For studies of inflammability of 0 in air, oxygen, or O 2 /N 2 O 
mixts. see (272) cf. (273).] 

Reduction of C. [C with Zn + ale. HCl (274), Zn + AcOH (275), Zn dust + ale. NHs 
(276) (277) (278), Al/Hg + aq. (275), Fe + AcOH (275), or SisHg + AICI3 in abs. of air 
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(279) gives CH 2 CI 2 (3:6020) or further reduction products, e.g., CH 3 CI (3:7005) or CH 4 

(280) ; C with cone. HI on htg. gives (281) CH 2 I 2 [Beil. 1-71, Ii-(18), l 2 -( 37 )]; C with atomic 
hydrogen gives (282) CH 3 CI (3:7005) + HCl.) 

Substitution of C. Note that the text of this section refers only to replacement of the 
single hydrogen atom of CHCI 3 . 

Fluorination, [The product of replacement of the H atom of C by F (289), viz., trichloro- 
fluoromethane, CCI 3 F [Beil. 1-64], is usually prepd. by indirect means from sources other 
than C, e.g., from CCI 4 (3:5100) -f F 2 in pres, of As + Br 2 (283). However, beyond 
noting a few leading articles on its physical consts., including b.p. = 23.66® (284), 23.77® 
(285) at 760 mm., m.p. = —110.48® (284), vapor press. (284) (285), liquid density (286), 
and PjV/T relationships (287), no complete review of CCI 3 F and its relatives (cf. (288)) 
can be given here.] 

Chlorination. C on suitable chlorination jrields CCI 4 (3:5100). [E.g., C with CI 2 in 
sunlight (290) or u.v. light (291) (292) (293) (294), at 260-320® (295), or in pres, of FeCL 
(296) or of aq. (297), or C with ICl at 165® (298), or C with aq. NaOCl (reaction very slow 
and incomplete (299)) gives CCI 4 (3 : 5100). Note, however, that C is not chlorinated with 
SO 2 CI 2 even in presence of organic peroxides ( 200 ).] 

Bromination. C on suitable bromination gives bromotrichloromethane. [E.g., C with 
Br 2 in s.t. (301) (298) at 225-275® for 14 hrs. as directed (302), or C with Br 2 in light of 
5460 A (303) or 2650 A in pres, of O 2 (304), or over carbon at 180-350® (305), or C with aq. 
NaOBr (299), gives CClsBr [Beil. 1-67, l2-(31)], b.p. 105® (302), 104.2-104.35® at 758.5 mm. 
(3()8), m.p. —21® (302). For prepn. of CClsBr from trichloroacetyl bromide by pyrolysis 
at 400® at ord. press, see (306); for studies of behavior of CClaBr with CI 2 in light (307) (308) 
or of its halogen-sensitized photochem. oxidn. (309) sec indie, refs.] 

lodination. [C with aq. NaOI (299) gives iodotrichloromethane, CCI 3 I [Beil. 1-71], 
b.p. 142® (299) (310); for prepn. of this prod, from CCI 4 (3:5100) with Alls in CS 2 (310) or 
from trichloroacetyl iodide by distn. at ord. press. (306) see indie, refs.] 

Nitration. [C with HNO 3 in s.t. at 90-100® for 120 hrs. (311) or in boilg. acetyl nitrate 

(312) gives nitrotrichloromethanc (chloropicrin) [Beil. 1-76, Ii-( 20 ), l2-(41)], b.p. 111 - 112 ®, 
but this product is usually prepd. by other means, e.g., from calcium picrate with Ca(OCl )2 

(313) (314).] 

Nitrosaiion. [No record can be found of any reaction between chloroform and nitrous 
acid. However, nitrosotrichloromethane [Beil. l 2 -( 39 )] has been obtd.. indirectly from 
sodium trichloromethane sulhnate, CCls-SOONa, by the action of HNO 3 (315) (316). 
It is a dark blue liq., b.p. 5.0-5.5® at 70 mm. (315), but decomposing on distn. at ord. press. 
The compound is of considerable interest because on reduction with H 2 S (315), Al/Hg (315), 
SnCb (316), or SO 2 (316) it yields dichloroformaldoxime, Cl 2 C=NOH, a chemical warfare 
agent with especially terrifying characteristics.] 

Hydrolysis of C. C on hydrolysis gives formic acid (1 : 1005) in such a form that the 
reaction mixt. is able to reduce Fehling soln. or NH 40 H/AgN 03 even at room temp, or 
more rapidly on warming (dif. from CCI 4 (3:5100), 1 , 2 -dichloroethane (3:5130), 1 , 1 , 2 , 2 - 
tetrachloroethane (3:5750) and hexachloroethane (3:4835)). Note that, although some 
CO has been detected, yet formaldehyde (1:0145) is not produced (317). 

[C with aq. on protracted htg. in s.t. at 225® gives (318) HCOOH (1 : 1005) + CO + 
HCl. — C with aq. caustic alkali on htg. gives salts of HCOOH (1 : 1005) (319) accompanied 
by CO (320) (321) (322); for studies on kinetics of hydrolysis of C in aq. ale. in light from 
Hg vapor lamp see (323).] 

[C is also hydrolyzed in ale. alk. solns. even more readily than CCI 4 (3:5100) (324) (191); 
for use of this principle in estimation of C see above under determination of C. For study 
of kinetics of hydrolysis of C with ale. KOH (325), with N/IO KOH in 95% ale. at 90® 
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<326) cf. (327), or with Ba(0H)2 or TlOH in 50% ale. (328) (327) see indie, refs. Note 
that C with ale. KOH is alro elaimed by one worker (253) to give ethylene.] 

[For further details on ability of C to reduce Fehling soln. see (317) (329) (330).] 

B^vior of C with inorganic salts. [C with AICI3 gives a gummy hygroscopic addn. 
prod, which with aq. regenerates C (331), but C with AlBrs is more or less (yields: 58- 
90% (332), 100% (333)) converted to bromoform [Beil. 1-68, Ii-(16), l2-(33)], b.p. 149.65® 
at 760 mm. (334), m.p. 8.05® (334), Dj® « 2.87757 (334), Di® = 2.89054 (334), « 

2.90350 (334), = 1.60088 (334).] 

[C with Cal2 in s.t. at 100® is partially converted (335) to CHI3, but C with aq. KI even 
in pres, of Cu decomposes 3rielding (336) CH4 -f H2 -h CO -f CO2.] 

[For leading reference on behavior of C with various metal fluorides see (337).] 

Behavior of C with metals. [C with alkali or even alkaline-earth metals undergoes 
explosive decompn. on htg. or even at room temp, if subjected to sufficient mechanical shock. 
For studies of the explosion of C with alkali metals see (338) (339) (340); for further data 
on explosions of C with Li, Na, K, Ca, Sr, Ba, and Mg, especially with reference to sensitivity 
to mechanical shock, see (341). C with molten Na at 260-370® as directed (342) gives 
C -f H2 -1- CH4 with smaller amts, of C2H6, C2H4, and C2H2; for study of C with Na vapor 
see (343).] 

[For study of hazards of behavior of CHCI3/CCI4 mixts. with A1 or Mg see (344); for 
extensive study of corrosion of metals by C see (345).] 

[Note that C with Mg in boilg. ether does not react, even in pres, of various catalysts 
(346).] 

Behavior of C with various organic reactants. With carbon monoxide, [C with CO 4- 
water vapor above 200® in pres, of suitable cat. as directed is claimed (347) to give acetic 
acid (1 : 1010); C with CO -f- AICI3 at 150® and 900 atm. for 6 hrs. gives (21% yield (348)) 
dichloroacetyl chloride (3:5290).] 

With hydrocarbons. [C (excess) with octene-1 (1:8375) in pres, of small amts. (0.02 
mole) of dibenzoyl peroxide (or diacetyl peroxide) adds to unsatd. linkage giving (349) 
1,1,1-trichlorononane; under similar conditions C adds to one of the unsatd. linkages of 
diallyl (1:8045) giving 8,8,8-trichloroheptene-l. — (For other addns. of C to unsatd. 
linkages see below).] 

[C with CeHe (excess) in pres, of AICI3 (350) (351) (352) (353), FeCls (354), chromium 
powder (355), or A1 powder (356) gives triphenylmethane (1:7220); other aromatic hydro- 
carbons presumably give analogous results but cannot be detailed here.] 

With saiwrated halohydrocarbons. [C (1.2 moles) with EtBr (3.8 moles) -[- AlCla (0.07 
mole) on htg. as directed (357) gives EtCl (3:7015) 4- 90% yield CHBrs (for physical 
constants see above under behavior of C with inorganic salts (AlBra)). — C (1 mole) with 
Mel (3 moles) AICI3 (0.04 mole) on similar treatment gives MeCl (3:7005) *4- (95% 
yield (367)) iodoform, m.p. 119®. — C with CHBra 4- 5-10% KCl in pres, of moisten^ 
AICI3 under CO2 in s.t. at 135® for 14 hrs. undergoes a redistribution reaction giving (358) 
17% e + 43% CHClsBr + 31% CHCiBr, + 8% CHBrjJ 
With unaatvrated halokydrocarboM. [C (3 wt. pts.) with ord. l,2^1ichloroethylene 
(3:6030) 4- AICI3 (0.25 wt. pt.) stirred with sand for 20 hrs. at 30® (359) cf. (360) (361) 
(362) gives (yields: 63% (359), 70-75% at 60® (360), 46% at 17® in 22 hrs. (360)) 1,1, 2,3,3- 
pentachloropropane (3 : 6280) .] 

[C with 1,1,2-trichloroethylene (3:6170) 4- AICI3 at 20® gives (361) (362) 1,1,1,2,3,3- 
hexachloropropane (3:6460); note that at higher temp., e.g., 50-60®, yield is greatly 
dinunished and several other prods. (361) are formed.] 

[C (2 moles) with 1,1,2,2-tetrachloroethyiene (3:5460) 4^ AICI3 (0.2 mole) refluxed 
1&-20 hre. gives (86-93% yield (363)) (364) (365) (366) (367) (368) (369) 1,1, 1,2, 2, 3,3- 
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heptachloTopropane (3:0200); for study of equil. of system C -f tetrachloroethylene 
(3:6460) + wn«^.-heptachloropropane (3:0200) see (370).] 

With unsaturaied nilrilea, [C with acrylonitrile (vinyl cyanide) in pres, of trimfethyl- 
benzyl^ammonium hydroxide at 0~5® for 24 hrs. or solid KOH at 0-6® for 4 hrs. adds to 
unsatd. linkage giving (11-12% yield (371)) (372) 7,7,7-trichloro-n-butyronitrile, m.p. 41®, 
b.p. 214-216® at 760 mm., 90-95® at 12 mm. (371) (372).] 

With alcohols or alcoholaies. [C with MeOH over cat. at 200-350® gives (373) MeCl 
(3:7005); C with EtOH under similar conditions gives (373) EtCl (3:7016).] 

[C with Na alcoholates gives the corresp. trialkyl orthoformates. E.g., C with NaOCHs 
gives (374) (375) trimethyl orthoformate (1:3087);C with NaOC2H5 gives (27-31% yield 
(376), 36% (377)) (374) (375) triethyl orthoformate (1 : 3241) ; orthoformate esters of higher 
ales, are similarly prepd. cf. (374) (377). For study of behavior of C with mixts. of sodium 
alcoholates see (378); for treatise on chemistry of aliphatic orthoesters see (379).] 

With mercaptans or mercapttdes. [C with NaSCHs should yield trimethyl trithioortho- 
formate [Beil. Hi- (39)], m.p. 16® (380), b.p. 220® dec. (380), 103-104® at 12 mm. (381), 96® 
at 9 mm. (380), nj? =* 1.5696 (381), but this prod, has been reported only by other means, 
e.g., from CCI4 (3:5100) with NaSCHs (381) and from anhydrous HCOOH (1:1005) with 
CHjSH in s.t. at ord. temp. (380).] 

[C with NaSCaHs gives (382) (383) (386) triethyl trithioorthoformate (Beil. 11-95, IIi- 
(39)], b.p. 235® dec. (380), 174® at 760 mm. (384), 136.5® at 23 mm. (385), 133® at 21 mm. 
(386), 126.5-128° at 12 mm. (381), 127-128® cor. at 12 mm. (387), DJ® == 1053 (386), 
nif = 1.5410 (381), but this product is usually prepd. by indirect means, e.g., from an- 
hydrous HCOOH 0 : 1005) with C2H6SH in pres, of dry HCl (384) (385) or from CCI4 
(3:5100) with NaSC2H5 (381).] 

With phenols or pkenolales. 0 with phenols (or with substituted phenols having at least 
one free ortho or para position) in presence of aq. alk. condenses with eventual introduction 
of the formyl radical and formn. of phenolic aldehydes (Reimer-Tiemann reaction (388)). 
The countless recorded examples of this reaction cannot be detailed here but the following 
leading references will be found useful. [For modem studies of the Reimer-Tiemann 
reaction see (389) (390); for studies of influence of substituents in the phenolic component 
see (39l) (392) (393) (394) (395); for extension of the Reimer-Tiemann reaction to other 
classes such as substituted indoles (396), thiazoles (397) see indie, refs.; for application 
to /9-naphthol (1:1540) giving (38-48% yield (398)) 2-hydroxy-l-naphthaldehyde, m.p. 
79-80®, to /3-tetralol (5,6,7,8-tetrahydronaphthol-2) (399) see indie, refs.; for studies on 
theory of Reimer-Tiemann reaction see (400) (401) (402).] 

[C with dry KOCeHs at 110® for 4 hrs. under N2 gives (15% yield (403)) triphenyl ortho- 
formate [Beil. Vl-152, Vl2-(153)], ndls. from ale., m.p. 76-77® (404), 75® (403), 71.5® (405); 
note that this prod, is also formed (405) in the Reimer-Tiemann reaction cf. (390).] 

With aldehydes or ketones, C with aromatic (but not aliphatic (406)) aldehydes m pres, 
of aq. KOH undergoes addition yielding trichloromethyl-aryl-carbinols. [E.g., C with 
benzaldehyde (1:0195) + aq. KOH gives (16% yield (406)) (407) cf. (408) trichloromethyl- 
phenyl-carbinol [Beil. VI-476, VIr(237), VIy-(447)), m.p. 3r (409), b.p. 145® at 15 mm. 
(409) cf. (406) (corresp. acetate, m.p. 87.5® (409); corresp. benzoate, m.p. 97.5® (409); 
corresp. p-nitrobenzoate, m.p. 109® (410)). For analogous behavior of C + alkali with 
o-chlorobenzaldehyde (3:6410) (411), ?7M;hlorobenzaldehyde (3:6475) (412), p-chloro- 
benzaldehyde (3:0765) (413), p-tolualdehyde (1:0215) (412), and furfural (1:0185) (406) 
see indie, refs. Note that trichloromethyl-aryl-carbinols are also obtd. by reaction of arom. 
hydrocarbons with chloral (3:5210) q.v.] 

[C with acetone (1 : 5400) in pres, of dry powdered KOH (0.5 mole) below 0® (414) or 
2-3® (415), or KOH in ale. as diluted (416), or even NaNH2 (418) gives (yields: 25% (416), 
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23% <414)) (417) (416) l,l,l-trichloro-2-methylpropanol-2 (/3,/S,j8-trichloro-ter-butyl alcohol 
« “ Chloretone ”) (3:2662) q.v.; note that use of NaOH lowers the yield (414) and that 
Ca( 0 H )2 (416), Zn(OH )2 (414), or Al(OH )3 (414) yields no such product; note also that 
the crude prod, contains some diacetone alcohol (1:6423) best removed by treatment 
with aq. (416) since otherwise it forms with the “ Chloretone ” a const.-boilg. mixt.] 

[C (2 moles) with ethyl methyl ketone (1:5405) in pres, of dry powdered KOH (419) or 
of NaNH 2 (418) gives (13.5% yield (419)) by addition l,l,l-trichloro-2-methylbutanol-2 
[Beil. l2-(424)], b.p. 162-165** (418), 110-113** dec. at 620 mm. (419), = 1.2128 (419), 

riD = 1.4460 (419). Note, however, that analogous addition of C does not occur with 
diethyl ketone (1 : 5420) (420), di-?i-propyl ketone (1 : 5447) (420), ethyl n-propyl ketone 
(420), methyl isobutyl ketone (1:5430) (420), or methyl phenyl ketone (acetophenone) 
(1:5515) (419), but mil occur to a very small extent with cyclopentanone (1:5446) (421) 
or cyclohexanone (1:5465) (421) cf. (418).J 

With amines. C with primary amines in pres, of ale. caustic alkali condenses with loss 
of 3 HCl giving the corresp. isocyanides whose extremely characteristic odor has caused 
this general procedure to be used as a test (422) for primary amines. The reaction has, 
however, been very little studied in the aliphatic series. 

[C with CH 3 NH 2 + ale. NaOH should give methyl isocyanide (methyl carbylamine) 
[Beil. IV-56, IVi-(328), IV2-(561)], b.p. 59.6** at 760 mm. (423), 59-60** (424), = 0.734 

(424), * 0.7464 (425), nffc - 1.343 (424), but this highly explosive (425) (426) (427) 

substance has been reported only by other means, e.g., from Mel with dry AgCN (425) (423), 
CuCN (428), or CHaHgl (429). — C with C 2 H 6 NH 2 + ale. NaOH gives (430) ethyl iso- 
cyanide (ethyl carbylamine) [Beil. IV-107, IVi-(351), IV 2 -( 600 )], bp. 78.1** at 760 mm. 
(431), 78** (424), - 0.747 (424), = 0.7405 (425), nf?e = 1 362 (424), but this less 

explosive prod. (427) is usually obtd. by other means, e.g., from EtI with AgCN (425) (431), 
etc. — C with n-BuNH 2 + aq. NaOH gives (only 5% yield (432)) w-butyl isocyanide (n- 
butyl carbylamine) which is better obtd. (40% yield (432)) from n-BuI + AgCN.] 

[C with aniline in ale. KOH (433) (435) cf. (438) or in CeHe + NaNH 2 (436), or better 
in MeOH/NaOH (50% yield (434)) or powdered KOH without solvent (35-40% yield 
(437)) cf. (438), gives phenyl isocyanide phenyl carbylamine) [Beil. XII-191, XIIi-(168)], 
b.p. 165-166® at ord. press, with partial polymerization (435), 78° at 40 mm. (435)*, 64® at 
20 mm. (435), = 0.9823 (424), nne^ = 1.52828 (424). — For analogous reactions of 

C with o-toluidine giving o-tolyl isocyanide [Beil. XlI-788], b.p. 183-184° cor. at 753 mm. 
(439), with jp-toluidine giving (440) (441) p-tolyl isocyanide [Beil. XlI-903], b.p. 99® at 
32 mm. (441), 94® at 25 mm. (434), m.p. 21 ® (441), 19.5° (434), with p-methoxyaniline 
(p-anisidine) giving p-methoxyphenyl isocyanide, m.p. 33° (438), 30® (434), with o-methoxy- 
aniline (o-anisidine) giving o-methoxyphenyl isocyanide, b.p. 112 ° at 16 mm. (438), with 
p-phenylenediamine to give (442) either p-aminophenyl isocyanide, m.p. 74°, or p-phenylene 
diisocyanide see indie, refs. — Many other isocyanides are known but cannot be detailed 
here.] 

® Color reaction with a-naphthol/cyclohezanol. A. C (1 'drop) with 2 ml. of a 2% 
soln. of a-naphthol (1:1500) in cyclohexanol (1:6415) + 1 pellet of solid NaOH, 
boiled 25 seconds and cooled, gives (174) blue color; one portion of this blue soln. 
underlaid with equal vol. of 85% H 2 SO 4 , stood 1 minute and shaken turns intensely 
blue; a second portion of the alkaline blue soln. acidified with equal vol. of AcOH 
( 1 : 1010) stood 1 minute and shaken becomes orange-yellow. [Note that the alkaline 
boiling also gives a blue color with CH 2 CI 2 (3:5020) and with CCI 4 (3:5100) while 
other chlorinated solvents (174) give yellow-brown, gray, or brown; in the H 2 SO 4 
treatment CH 2 CI 2 (3:5020) gives greenish-blue and CCI 4 (3:5100) an intense blue; 
in the AcOH treatment CH 2 CI 2 (3:5020) gives a yellow, CCU (3:5100) a red, color.] 
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B. C (1 drop) with 2 ml. cyclohexanol (1 : 6415) -f a few mgms. cx-naphthol (1 ; 1500) 
+ 2 ml. 20%'aq. KOH boiled 15 seconds with vigorous shaking gives (175) blue color 
in upper layer. [Neither CH 2 CI 2 (3:5020) nor CCI 4 (3:5100) gives any color, and 
this form of the test may be used to detect as little as 1 % C in either of the other two.] 
® Color test with 2,7-dihydrozyiiaphthalene/cyclohezanol. C (1 drop) with 2 ml. 
pure cyclohexanol (1 : 6415) -f 1 pellet NaOH + a few mgms. 2,7-<lihydroxynaphtha- 
lene htd. at 197° (b.p. of ethylene glycol) for 45 seconds, decanted from undissolved 
NaOH, cooled, and shaken with 2 ml. AcOH -f 4 ml. 96% EtOH, gives deep red 
color (175). [Note that under these conditions CH 2 CI 2 (3:5020) gives a steel-blue 
color while CCU (3:5100) gives pale yellow-brown color (175).] 

® Color test with cyclopentanol. C (1 drop) in 1 ml. cyclopentanol (1:6412) + 1 pellet 
NaOH boiled for 25 seconds, then shaken vigorously for 35 seconds, then treated with 
4 ml. 96% EtOH and shaken, gives with C only a pale citron-yellow color (175). 
[Note that in this test CH 2 CI 2 (3:5020) gives a deep red color which intensifies or 
turns reddish-brown upon addition of EtOH; CCI 4 (3:5100) gives an intense brown 
color.] 
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[jSee also ethozalyl chloride (3:5025).] 


Colorless liq. whose vapors strongly attack respiratory passages. — Solns. of C in ether, 
CHCls, or allies are colorless, but those in phenol, anisole, thioethers, piperonal, and 
dipentene are yellow (5). — Note that the presence in samples of C of phosphorous compds. 
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(such as might remain from the reagts. used in its prepn.) increases the refractive index (4); 
such contaminants may be removed by treatment with CI 2 and subsequent fractionation 
(4) <7). — C is stable to fumg. H 2 SO 4 . 

C is an important reagent in organic synthesis; its reactions may conveniently be classi- 
fied under four main types, viz.: (A) those in which it reacts as an acid chloride (either 
one or both groups being involved); (B) those in which it acts like a mixture of COCI 2 
(3:5000) 4 - CO; (C) those in which it acts as a chlorinating agent; and (D) those in which 
it acts as a dehydrating agent. Examples of all these types will be found in the subsequent 
text, but naturally combinations of the distinctive types may occur simultaneously. 

C is also employed in the preparation of various dyestuffs although these cannot be dis- 
cussed here. [For toxicity of C see (6); for protection of stopcocks from action of C see 
(16).] 

Preparation. [For prepn. of C from anhydrous oxalic acid (1:0535) with PCls (2 moles) 
(yields: 70% ( 8 ), 45-50% (1)) in pres, of an inert solid or liq. diluent (9) and even in units 
as much as 5 times the original ( 10 ), or with PCI 3 in POCU in stream of CI 2 (11), or with 
COCI 2 (3 : 5000) in pres, of tertiary amines (14) see indie, refs.; from diethyl oxalate (1 : 1055) 
with PCls (poor yields) see (12) (1) (13).] 

[For prepn. of C from COCI 2 (3 : 5000) -f CO, or from CO + CI 2 over suitable cat. at 
200-400° and 200 atm. press., sec (15).] 

[For formn. of C (19% yield (1)) from ethoxalyl chloride (3:5625) with PCi 5 in 8 .t. at 
170° see (1).] 

Pyrolysis or decomposition of C. [C on passing through tube at 600° (1) or on htg. at 
340° for 70 hrs. in an evacuated s.t. (7) dec. quant, into COCI 2 (3:5000) and CO; note, 
however, that at 200° C shows no trace of phosgene even after 18 hrs. (7) and at ordinary 
temp, (when protected from liglit and moisture) can be preserved indefinitely.] 

C (1 mole) on slight warming with AICI 3 (2 moles) m CS 2 dec. quant. ( 1 ) into phosgene 
(3:5000) -f CO and may thus serve as a source of COCI 2 in Friedel-Crafts reactns. (see 
below). 

C when exposed to light of any wave length below 3800 A slowly dec., the final prods, 
being COCI 2 (3 :5000) + CO although the initial prods, appear to include CI 2 and CO (16); 
this photochemical decn. plays an important part in its use as a reagent for introduction 
of the — CO.Cl group (cliloroformylation) (see below). 

Behavior of C with inorganic reactants. C with liq. aq. or dU. aq. alk. yields quant. 
(1) CO -h CO 2 + HCl, no trace of oxalic acid (1:0445) or of its semi-acid chloride being 
formed; however, C as vapor on treatment with steam does yield also some oxalic acid 
crystals ( 1 ). 

[C in ether on treatment with dry H 2 S for several hrs. is unchanged, but if quinoline 
(2 moles) is added, vigorous reactn. occurs ( 1 ) with evolution of gaseous CO -f COS.] 

[C on treatment with HBr gas for 12 hrs. gives (85% yield (7)) (17) (18) oxalyl (di)- 
bromide [Beil. IIi-(236), Il2-(509)], b.p. 106° (18), 102-103° at 720 mm., 16-17° at 10 mm., 
f.p. —19.5° (7) (for study of thermal and photochemical decn. of this prod, see (18)). — 
C with HI is reduced (7) yielding CO -h I 2 (cf. phosgene (3:5000)).] 

C with 2 Nal in dry acetone yields quant. (41) CO + 12 + 2NAC1 but C with aq. Nal 
does not set free iodine giving instead the usual aqueous hydrolysis with formn. of CX) + 
CO 2 + 2HC1 (41). 

[C (2 moles) with AS 2 O 3 (1 mole) gives (95% yield (19)) AsCla, b.p. 130°; similarly C 
with dry CrOs refluxed 5 hrs. gives (80% yield (19)) chromyl chloride, Cr 02 Cl 2 , b.p. 114- 
116° at 748 mm.] 

[C in CeHs with H 2 in pres, of Pd/BaS 04 cat. gives only gaseous products, no trace of 
glyoxal or glyoxyhc acid being formed (20).] 
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C in CeHe with NH3 gas in cold reacts vigorously yielding (21) oxalic acid diamide 
(oxamide) [Beil. 11-545, IIi-(237), Il2-(509)I, m.p. above 400° (and therefore useless as 
derivative for identification), + NH4CI. — C with hydrazine hydrate (excess) presumably 
yields oxalic acid dihydrazide (“ oxalhydrazide ”) [Beil. 11-659, IIi-(243), 1I2-(614)J, 
m.p. 244° dec., although this method of prepn. seems to be unrcported. 

[0 with K/Na alloy is (like many halogen compds.) sensitive to detonation by mechanical 
shock (GREAT DANGER) cf. (22). — For behavior of C with other metals see (7).] 
Behavior of C with organic reactants. Reactum of C with alkanes and cycloalkanes. 
[C with satd. alipliatic hydrocarbons and with cycloparafFins in pres, of light and peroxides 
reacts to replace 1 H atom by the — CO. Cl group (22) (10); since this group represents 
the radical corresponding to the unisolatable acid chloride of formic acid, the process 
might well be designated as “ chloroformylation however, since the resultant prods, 
may readily be hydrolyzed to the corresp. carboxylic acdds, the process has also (unfor- 
tunately) been designated as carboxylation.” — E.g., C (1 mole) with cyclohexane 
(1:8405) (2 moles) + dibenzoyl peroxide (0.005 mole) refluxed for 24 hrs. in light from 
low-press. Hg vapor lamp (10) or 300-watt tungsten lamp (23) gives (yields: 85% (23), 
65% (10)) cyclohexanecarboxylic acid chloride (hexahydrobenzoyl chloride) (3:8580). — 
Note that neither simple olefins such as 2-methylbutene-2 (1:8220), octene-1 (1:8375), 
hexadecene-1 (cctene) (1:7000), nor cycloalkenes such as cyclohexene (1:8070) undergo 
this type of reactn. (24), although phenylethylene (styrene) (1:7435) gives cinnamoyl 
chloride (3:0330) (9% yield of cinnamic ac. after hydrolysis (24)) and phenylacctylene 
(1:7425) gives /3-chlorocinnamoyl chloride (16% yield of /8-chlorocinnamic acid after 
hydrolysis (24)). — Note also that C under similar conditions with aralkyl hydrocarbons 
chloroformylates the side chain but yields are very low (5-10%) (25) ] 

Reactims of C with aromatic hydrocarbons. [C with aromatic hydrocarbons (R.H.) in 
pres, of AICI3 shows both (A) and (B) types of reactn. mentioned above in 2nd paragraph; 
on one hand (A) C reacts like phosgene yielding R.CO.C1 (wliich during the usual subse- 
quent treatment is hydrolyzed to the corresp. acid) and ketones of the type R2C/D; on the 
other (B) C reacts with 2 PH as a bifunctional acid chloride yielding the corresp. 1,2- 
diketones, which with some of the polycyclic* hydrocarbons comprise new cyclic systems 
of the quinone type. Examples of these various combinations are listed below.] 

[C with CgHe + AICI3 in CS2 gives according to mode of procedure cither (1) 100% 
yield benzoyl chloride (3:6240) or 89% yield diphenyl ketone (benzophenone) (1:5150); 
note that no benzil (dibenzoyl) (1:9015) is formed here although it has been obtd. (in 
small proportion) together with benzophenone from oxalyl (di)bromide with CeHe -|- 
AlBrs in CS2 (17). — C with toluene -h AICI3 in CS2 gives (65% yield (26)) ?>-toluic acid 
(1:0795). — C with o-xylene (1:7430) -h AICI3 in CS2 gives (75-80% yield (27)) (26) 
3,4-dimethylbenzoic acid [Beil. IX-535, IXr(210)], m.p. 166°, accompanied by some 
3,4,3',4'-tetramethylbenzil (4,4'-o-xylil), m.p. 128.5° cor. (27); C with w-xylene (1:7420) 
similarly gives (40-50% yield (26)) 2,4-dimethylbenzoic acid [Beil. lX-631, IXi-(209)], 
m.p. 126°; C similarly with p-xylene (1:7415) gives (100% yield (26)) 2,5-dimethylbenzoic 
acid [Beil. IX-534, IXi-(210)], m.p. 132°. — C with ethylbenzene (1:7410) gives (29) 
p-ethylbenzoic acid [Beil. IX-529], m.p. 112°.] 

[C with arom. hydrocarbons contg. two uncondensed benzene nuclei shows a distinct 
tendency to yield dicarboxylic acids despite the fact that the first member is exceptional. 
E.g., C with biphenyl (1:7175) -j- AICI3 in CS2 gives (30) 40% yield di-p-xenyl ketone, 
m.p. 236°, + 25% 2>-xenil, m.p. 140-141°, although the formation in 75% yield of p-phenyl- 
benzoic acid (p-xenoic acid) [Beil. IX-671, lXi-(280)], m.p. 224°, has also been reported 
(31); for examples of dicarboxylic acid formn. from C + AICI3 with 2,2'-dimethylbiphenyl 
(26), diphenylmethane (32), phenyl p-tolylmethane (26), di-p-tolylmethane (26), a,/3- 
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diphenylethane (bibenzyl) (32), a,/3-diphenylethylene (stilbene) (32), triphenylmethane 
(32), see indie, refs.] 

[C with polycyclic arom. hydrocarbons frequently, but not always, also gives polycyclic 
quinones; e.g., C with naphthalene (1 : 7200) -f AlCU in CS2 gives (35) a mixt. of a-naphthoic 
acid (1:0785) + /3-naphthoic acid (1:0800); C with 2-methylnaphthalene (1:7605) + 
AICI3 in CS2 gives (33) a mixt. of acids + 2,2'-dimethylnaphthil + 3-methylacenaphthene- 
quinone-1,2; for analogous results with 1,0-, 2,6-, and 2,7-dimethylnaphthalenes see (33) 
(34); C with anthracene -f AICI3 in CS2 gives (70% yield (35)) aceanthrenequinone (1,9- 
oxalylanthracene) [Beil. VIIi-(436)], red pr. from CeHe, m.p. 270®, accompanied by some 
anthracene-9-carboxylic acid (meso-anthroic acid).] 

[For behavior of C + AICI3 with 2-mothylanthracene (36) (38), 1,2-dibenzanthracene 
(37), retene or dihydroretene (39), or fluoranthene (40) see indie, refs.; many analogous 
cases are known but cannot be included here.] 

Reaction of C wUh alcohols and thiols. [C with 2 moles primary ales, especially in pres, 
of pyridine yields corresp. neutral esters: e.g., C with MeOH (1:6120) (2 moles) gives 
dimethyl oxalate (1:0415), m.p. 54°; C with EtOH (1:6130) (2 moles) gives diethyl 
oxalate (1:1055), b.p. 185°; for analogous behavior of C with n-propyl ale. (1:6150) 
yielding di-w-propyl oxalate (1:3726), with isobutyl ale. (1:6165) yielding di-isobutyl 
oxalate (1:3897), with poamyl ale. (1:6200) yielding disoamyl oxalate (1:4181) all in 
100% yield see (42). — C with secondary ales. (2 moles) also yields (42) (50) the corresp. 
neutral esters, but yields are less satisfactory and the ability of C to act as a dehydrating 
agent begins to become evident (42); e.g., C with methyl-phcnyl-carbinol (1:6475) yields 
no ester, but only phenylcthylene (styrene) (1:7435). — C with tertiary ales, replaces 
OH by Cl; e.g., C with /er-butyl ale. (1:6140) gives /er-butyl chloride (3:7045); C with 
triphenylcarbinol (1:5985) gives chlorotriphenylmethane (3:3410) (42).] 

[Note that G with only 1 mole of primary ales, jdelds the corresponding half esterification 
prods.; e.g., C (1 mole) with KtOH (1:6130) (1 mole) gives (^% yield (43)) ethoxalyl 
chloride (3 . 5625) ; for other examples together with use of such oxalic ester chlondes in 
prepn. of cellulose esters sec (43).] 

[C with ethylene glycol (1 : 6465 J (1 mole) directly (42) or in pyridine (44) or in dry ether 
(45) gives (57% yield (45)) monomeric ethylene glycol oxalate (2,3-dioxodioxane-l,4) 
[Beil. XlX-153, XIXi-(679)l, m.p. 143° (45), 149° (44), 153° (42); for relationships of this 
monomer to the polymeric forms see (46).] 

[C with CH3SH (2 moles) (13) in dry ether (47) gives dimethyl dithioloxalate [Beil. 
11-565, Il2"(514)], yel. cryst. from ether or Igr., m.p. 82.5-83.5° (13), 80° (47), b.p. 218° 
at 760 mm. (47). — C with EtSH (2 moles) (13) (48) in dry ether (1) gives diethyldithiol- 
oxalate [Beil. 11-565, lIi-(244)], m.p. 27-27.5° (13), 24-25° (1), b.p. 238-240° at 757 mm. 
(1), 235° (13).]^ 

Behavior of C with phenols and thiophenols. [C (1 mole) with phenol (2 moles) in dry 
ether with metallic Na (2 moles) gives (21% yield (49)) diphenyl oxalate [Beil. VI-155, 
VIi-(87)l, m.p. 134° u.c. (49). — C (1 mole) with o-cresol (1 : 1400) (2 moles) + Na similarly 
gives (49) di-o-tolyl oxalate [Beil. VI-355], ndls. from ale., m.p. 90-91° u.c. (49); C with 
m-cresol (1:1730) similarly gives (49) di-m-tolyl oxalate [Beil. VI-379, VIi-(187)], ndls. 
from ale., m.p. 105° u.c. (49); C with p-cresol (1:1410) similarly (49) or in pyridine (51) 
gives di-p-tolyl oxalate [Beil. VI-398, VIi-(201)], pi. from ale. + ether, m.p. 148° (49), 
147° (51); for similar behavior of still other phenols see (51).] 

[Note, however, that C (1 mole) with phenols (1 mole) in pres, of AlCls leads to mono- 
esterification followed by elimination of HCl and ring closure; e.g., C (1 mole) with /3- 
naphthol (1:1540) + AlCls in CS2 gives (85% yield (52) (53)) 4,5-benzocumarandione-2,3 
[Beil. XVIIi-(267)], orange ndls. from AcOH, m.p. 180-181° (52).] 
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[For behavior of C with resorcinol (1 : 1630) + Na or K in moist ether see (54).] 

[C with jS-thionaphthol (2-mercaptonaphthalene) + AICI3 in CS2 esterifies and ring- 
doses with loss of HCl yielding (55) 4,5-benzothiocumarandione-2,3 (4,5-benzothionaph- 
thenequinone-2,3), red pdr., m.p. 153°. — For extension of this type of reactn. to prepn. 
of halogenated thionaphthisatins from C with halogenated 1- or 2-mercaptonaphthalene& 
-f* Aids see (56+.] 

[For behavior of C with dithiopyrocatechol (o-dimercaptobenzene) see (57).] 

[For study of a series of molecular cpds. of C with various hydroxy-azo compds. see (58). 

Behavior of 0 with phenol ethers, (C with mononuclear phenol ethers + AICI3 reacts 
in general according to types A and B of paragraph 2 (above) so that after aqueous treat- 
ment involved in destroying the AICI3 there results either a diketone or a carboxylic acid; 
which of these is formed or their proportion varies with nature of components and with 
conditions. E.g., C (1 mole) with anisole (methyl phenyl ether) (1:7445) (2 moles) + 
AICI3 (2 moles) in CS2 gives (yields: 90% (59), 80% (60), 76% (17)) anisil (4,4'-dimethoxy- 
benzil) [Beil. VIII-428, VIIIi-(705)], golden-yel. ndls. from ale., m.p. 133° (60), 132° 
(59); C (1 mole) with phenetole (ethyl phenyl ether) (1:7485) (2 moles) + AICI3 in CS2 
gives (80% yield (29)) phenetil (4,4'-diethoxybenzil), pr. from ether + ale., m.p. 149°; 
C similarly with o-cresol methyl ether (1:7480) + AICI3 in CS2 gives (76% yield (61)) 
(59) 4,4'-dimethoxy-3,3'-dimethylbenzil, pale yel. ndls. from AcOH, toluene, or 
pyridine, m.p. 177° (61), 174° (59). — Note, however, that C with m-cresol methyl ether 
(1:7510) + Aids in CS2 yields no diketone, but only (59) 2-hydroxy-6-methylbenzoic 
acid (6-methylsalicylic acid) [BeiL X-217, Xi-(95)], m.p. 168°; C with p-cresol methyl ether 
(1 : 7495) gives no diketone but only (12% yield (59)) 2-hydroxy-5-methylbenzoic acid 
(5-methylsalicylic acid) [Beil. X-227, Xi-(98)], m.p. 149° (59). — Many analogous cases 
of each type are known but cannot be included here.] 

[C with pyrocatechol dimethyl ether (veratrole) (1 : 7560) + Ald3 gives (60) 2,3,2',3'- 
tetramethoxybenzophenone; C with resorcinol dimethyl ether (1:7570) gives (60) 2, 4,2', 4^- 
tetramethoxybenzophenone; C with hydroquinone dimethyl ether (1:7160) gives (60) 
2,5,2', 5'-tetramethoxybenzophenone, but C with orcinol dimethyl ether (3,5-<limethoxytol- 
uene) + AlCU gives (29) by ring closure 6-methoxy-4-methylcoumarandione-2,3, m.p. 
165° (29).] 

Behavior of C with organic adds or their derivatives. [C with silver oxalate in dry ether 
does not yield the unknown oxalic anhydride but instead immediately evolves CO + CO2 
until all the salt has disappeared (1).] 

[C with organic acids, their salts, or their anhydrides, gives the corresp. acid chlorides 
in good yield (19); furthermore under appropriate conditions C with aromatic acids gives 
good yields (50) of the corresp. arom. anhydrides; for numerous examples see indie, refs.] 

Behavior of C with amines or their derivatives. C with primary or secondary amines 
(2 moles) reacts normally as a bifunctional acid chloride yielding corresp. N-substituted 
oxamides (see also below under (p’s). 

[Note, however, that with amine salts reaction takes a different course. — E.g., C with 
aniline hydrochloride at 15° evolves HCl and gives (100% yield (62)) oxanilyl chloride, 
C«H5.NH.C0.C0.C1 [Beil. XII-283, XIIi-(206)], pr. from pet. ether, m.p. 82.5°; 0 with 
a-naphthylamine.HCl in chlorobenzene at 15° similarly yields (12) N-(a-naphthyl)oxamidyl 
chloride, C10H7.NH.CO.CO.Cl, m.p. 86° (62); C with /3-naphthylamine.HCl similarly 
yields (62) N-(j8-naphthyl)oxamidyl chloride, ndls. from CeHe, m.p. 114^115° dec. (62). — 
Note that these prods, with condensing agents such as AlCla.FeCb or H2SO4 ring-close 
with loss of HCl to yield homologs of isatin: e.g., N-(a-naphthyl)oxamidyl chloride + 
AlCls at 80-86° for 8 hrs. gives (63) 6,7-benzoisatin [Bed. XXI-524, XXIi-(414)] (“ 1,2- 
naphthisatin ”), red ndls., m.p. 265°; JNr-03-naphthyl)oxamidyl. chloride with AICI3 in 
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nitrobenzene at 80® gives (76-80% yield (63)) 4,5-benzoisatm (** 2,1-naphthisatin ”) 
[Beil. XXI-525, XXIi-(415)], m.p. 252-253®.] 

[Note, furthermore, that the above general synthesis of isatin homologs can be carried 
out starting with iV^-acylated arom. amines: e.g., C with Na salt of iV-(p-toluenesulfonyl)- 
p-toluidide in CS2 splits out NaCl giving (64) i\r-(p-toluenesulfonyl)-iV'-(2>'tolyl)oxamidyl 
cliloride, cryst. from CeHe, m.p. 91-93° (64); this prod, on htg. with AlClj loses HCl and 
ring<closes to iV-(p-toluenesulfonyl)-5-methylisatin, cryst. from AcOH or C«H6, m.p. 
202-206°, hydrolysis of which by stdg. 1 day with cone. H2SO4 yields (64) 5>methylisatm 
[Beil. XXI-509, XXIi-(401)], red ndls. from aq. or ale., m.p. 187°.] 

[For analogous reactn. of C with secondary arom. amines and ring closure to N-substituted 
isatins see (65).] 

•[C with iV^,iV^-dimethylaniline gives various prods, according to conditions; C (1 mole) 
with dimethylaniline (2 moles) in dry ether in cold gives (100% yield (66)) (p-dimethyl- 
aminobenzoyl)formyl chloride, (CH3)2N.C6H4.CO.CO.Cl, stable only in soln. and on treat- 
ment with aq. giving (80% yield (66)) (p-dimethylaminobenzoyl)formic acid, golden-yel. 
Ifts. from AcOH or MeOH, m.p. 186-187° dec.; C (1 mole) with dimethylaniline (4 moles) 
in CeHe, stood 15 hrs. in cold, then heated gives tctramethyldiaminobcnzil -f the carbinol 
base of “ Crystal Violet ” (for many further details see (66)) ; for use of C in prepn. of 
“ Crystal Violet ” see (67).] 

[C with o-aminothiophenol (80) or with its Zn salt (68) at 60-80° until reactn. begins, 
then htd. at 100° for 1 hr., gives (60% yield (68)) 6is-2,2'-benzothiazolyl [Beil. XXVII- 
744, XXVIIi-(626)], m.p. 300.5° u.c. (68), 304° (80); similarly C with Zn salt of o-amino- 
selenophenol gives (69) 6is-2,2'-benzoselenazolyl, m.p. 314° u.c. (69).] 

Behavior of C with certain amides, [C with urea directly or in ether gives (8) (21) para- 
banic acid (V,Ar'-oxalylurea) [Beil. XXIV-449, XXIVi-(401)], cryst. from ale., m.p. 244°, 
accompanied by more or less oxaldiureide, insol., m.p. 270-275° dec. (8). — C with N^N*- 
dimethylurea gives (70% yield (8)) ATjAT'-dimethylparabanic acid [Beil. XXIV-453, 
XXI Vi- (404)], m.p. 154° (8). — C with iV-phenylurea in ether refluxed 3 hrs. gives (88% 
yield (8)) iV-phenylparabanic acid [Beil. XXIV-454, XXI Vi- (405)], Ifts. from ale., m.p. 
213-214° cor., after sintering at 208° (8). — C with iV,A^'-diphenylurea in ether gives 
(100% yield (8)) iV,Ar'-diphenylparabanic acid [Beil. XXIV-465, XXIVi-(405)], ndls. from 
ale., m.p. 202° cor., after prelim, sintering (8).] 

[For examples of condensation of C with various other amides see (21) (70) (71) (73); 
with various amino acids see (72).] 

Behavi(yr of C with carbonyl compounds. [C with ketones often acts like PCI 5 by replacing 
the oxygen with 2 chlorine atoms with evolution of CO -h CO2: for many specific examples 
see (74); also note that C with xanthone (1:7275) gives (75) (76) xanthone dichloride; 
C with A’-methyl- or iV-phcnylacridone gives (77) dichlorides.] 

Behavior of C with organometallic compounds. . [C with nickel carbonyl reacts according 
to equation Ni(CO)4 + (CO.Cl)2 NiCh + 6CO (13). — C with Et2Cd (from C2H6MgBr 
•f CdCl2) gives (27% yield (77)) 3-ethylhexanol-3-one-4 (diethyl-propionyl-carbinol) 
[Beil. 1-841, l2-(881)], b.p. 178-179° (78).— For interference of C with the MichleFs 
ketone test for RMgX cpds. see (79).] 

(P Oxalyl (di) chloride/ 1,4-dioxane mol. cpd.: ndls. or pr. from pet. ether, m.p. 67-68° 
(81). [From C with 5 wt. pts. dioxane-1,4 (1:6400) in 25 vols. pet. ether at —5° in 
stream of dry air or N2; the 1: 1 mol. cpd. ppts, in 71-78% yield (81). — Note that 
this prod, may with aniline be converted to oxanilide (see below) or may be dislvd. 
in excess stand, alk. and titrated back with stand, acid; furthermore, on stdg. in 
moist air, it is quant, converted to oxalic acid dihydrate (1:0445). — Note also that 
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under same conditions no ppt. results with acetyl chloride (3:7065), benzoyl chloride 
(3:6240), malonyl (di)chloride (3:9030), succinyl (di)chloride (3:6200), fumaryl 
(di)chloride (3:5875), sym.-phthaloyl (di)chloride (3:6900), tinsj/m.-phthaloyl (di)- 
chloride (3:2395) or terephthaloyl (di)chloride (3:2205) <81).] 

(P Ozanilide (oxalic acid dianilide): pi. from CeHe or nitrobenzene m.p. 254® (21) 
252-253® (71). [From C + aniline in cold ether or from C + aniline hydrochloride 
in boilg. CeHe (21); note that by virtue of the relative insolubility of oxanilide^and 
its easy quantitative formn. it is often employed as means for quant, detn. of C cf. 
(1). — Note also that the half reactn. prod, oxanilyl chloride m.p. 82.5® has been 
mentioned above in main text.] 

Oxal-6is-(^-toluidide): m.p. 268® (cf. 1:0445). 

Ozal-6is-(a-naphthalide): m.p. 234®. 

Ozal-bis-(/3-naphthalide): m.p. 275®. 

® 0zal-bf5-(phenylhydrazide): cryst. from ale. or AcOH m.p. 278® (82). [From C 
(1 mole) in CeHe with phenylhydrazine (4 moles) in dry ether (82).] 

Ozal-bis-(p-nitrophenylhydrazide): unreported. 

Ozal-bi$-(2,4>dinitrophenylhydrazide): yel. cryst. from ale. m.p. 292® after 

darkening at about 270®. [Prepd. indirectly.] 
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3:5075 METHYL CHLOROFORMATE CI.COOCH3 C2H3O2CI Beil. HI - 9 
Methyl cUorocarbonate ”) Eli- (5) 

IHa-O) 

B.P. 73-73“ at 767 nun. (1 ) dJ" = 1.3331 {!) nf? = 1.38675 (1) 

71.4r-73.4“ (2) 

71.3-71.5“ at 733 nun. {3) £>1®“ = 1.3340 (6) 

71.4“ cor. (4) 

71.O-71.5“at760nun. (7) 

71-71.5“ <20) 

69° at 720 nun. (5) 

[5ec also ethyl chlorocarhonate (3:7295).! 

C is colorless liquid with penetrating odor and strong lachrjnnatory properties. 

[For prepn. of G from carbonyl chloride (phosgene) (3:5000) with MeOH sec (8) (9) 
(7) (4) (10) (20) (21); from methyl formate (1:1000) with CI2 see (11) (12) (chloromethyl 
chloroformate (3:5275) is also formed); from i)entachloroethyl chloroformate [Beil. III- 
13, IIIi-(6)] (13) or from 6xs-(trichloromethyl) oxalate [Beil. III-17] (14) or from methyl 
trichloromethyl carbonate [Beil. III-17 IIIi-(8) Ill2-(15)] (15) with MeOH see indie, refs.] 
Pyrolysis of C. Unlike the case of ethyl chloroformate (3:7295) the pyrolysis of C 
appears to have been little studied: in quinoline the decomposition temp, is given (16) (17) 
as 36®; presumably the decomposition yields MeCl (3:7005) + CO2. 

Reactions of the — COOMe group of C. C is not readily decomposed by cold aq. (4) 
(11) (18) and can even be washed to remove ale.; C on boilg. with aq. or dil. acid or dil. 
alk., however, is readily hydrolyzed yielding MeOH (1:6120) -j- CO2 + HCl. 

[G with GI2 under various conditions (19) (20) (21) (22) (23) yields successively chloro- 
methyl chloroformate (3:5275) dichloromethyl chloroformate (3:5315) and ultimately 
trichloromethyl chloroformate (“ diphosgene *') (3:5515).! 

[C (10% excess) with MeHS04 at 100® imder reflux for 6-8 hrs. gives (100% yield (24)) 
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Me2S04 + HCl + CO2; C (10% excess) with ClSOsH carefully mixed finally refluxed 
gives (80% yield (25) (26)) methyl chlorosulfonate.] 

Reacticms of the chlorine atom of C. [C with thallous fluoride 6 hrs. in icc bath followed 
by reflux at 60° gives (24% yield (27)) methyl fluoroformate b.p. 40° (27).] 

C with solid dry Nal gives (100% yield (20)) Mel + CO2 + NaCl; note that C with 
KI in acetone does not (28) liberate free iodine (dif. from carbonyl chloride (phosgene) 
(3:5(X)0), chloromcthyl chloroformate (3:6275), dichloromethyl chloroformate (3:6316), 
trichloromethyl cliloroformate (diphosgene) (3:5515), or 5i8-(trichloromethyl) carbonate 
(triphosgene) (3:1915)). 

[C with solid NaCN (contg. 0.2-7.0% moisture) at not above 90° gives (29) methyl 
cyanoformate [Beil. 11-547, Hi- (238), Il2-(510)], b.p. 97°.] 

C as carbomethoxylating agent. C is widely employed as a means of introducing the 
— COOMe group into other organic molecules by reactn. of the chlorine atom with the 
H of alcoholic, phenolic, or enolic OH group (or their metallic alcoholates, phenolates, 
enolates, etc.); cf. ethyl chloroformate (3:7295), but this topic cannot be expanded here. 

[C with dimethyl malonate (1:3457) + Na in xylene (30) or C with dimethyl sodio- 
malonate in CeHe (31) or toluene (32) gives (yields: 59% (32), 40-42% (30) 30-35% (31)) 
trimethyl methanetricarboxylate (tri(carbomethoxy)methane) [Beil. lIi-(320), Il2-(680)], 
pr, from MeOH, m.p. 46°. — C with dimethyl phenylmalonate 4* Na in ether gives (40% 
yield (33)) trimethyl phenylmethanetricarboxylate (phenyl-tri(carbomethoxy)methane), 
cryst. from least possible hot CHCI3 by addn. of hot Igr., m.p. 84.5° (33).] 

C also reacts readily with NH3, with primary and secondary amincvs, with amino acids, 
etc., to replace one of the H^s attached to N by the — COOMe group (see also below and 
under <p). 

[C in CcHe with dry NH3 gives methyl carbamate (urethylan) [Beil. 111-21, IIIi-(9), 
IIl2-(18)], extremely sol. in aq. (217 g. in 100 g. aq. at 11°), m.p. 64°, b.p. 177°. — 6 with 
33% aq. MeNH2 (34) or C with equiv. cone. aq. CH3NH2.HCI followed by addn. of strong 
aq. KOH (35) gives methyl iV-methylcarbamate [Beil. IIL64, IIIi-(330), Ill2-(567)], oil, 
sol. aq. but very sol, ether, b.p. 158° at 766 mm. — Countless analogous reactns. cannot 
be listed here.] 

C in MeOH with hydrazine hydrate in ale. 4- ether ppts. hydrazine HCl and on evapn. 
of filtrate gives (98% yield (36)) dimethyl s^.-hydrazinedicarboxylate (s2/w.-di-(carbo- 
methoxy)hydrazine) [Beil. IlIi-(46), IIIi^(78)], cryst. from ether/alc., m.p. 132° (36) 
(note that the half-reactn. prod, viz., methyl hydrazine-monocarboxylate (methyl hydra.- 
zinoformate) (methyl carbazinate), m.p. 73°, is also known (37)). — C (1 mole) with urea 
(2 moles) refluxed for 2-3 hrs. gives (75% yield (38)) methyl allophanate (iV-carbomethoxy ) 
urea [Beil. III-69, IIIi-(31), IIl2-(55)], spar. sol. hot aq., cryst. from dil. ale. or acetone, 
m.p. 216°. 

C (1 mole) with phenylhydrazine (2 moles) in ether gives (39) methyl «-phenylcarba- 
zinate (^-carbomethoxyphenylhydrazine) [Beil. XV-286], pr. from aq., m.p. 115-117° 

(39) . — C with p-nitrophenylhydrazine in pyridine gives (40) j8-carbomethoxy-p-nitro- 
phenylhydrazine, m.p. 180° (40). — C with 2,4-dinitrophenylhydrazine in pyridine &ves 

(40) ^-carbomethoxy-2,4-dinitrophenylhydrazine, pr. from aq. ^c., m.p. 138° (40) 

(Q Methyl AT-phenylcarbamate (methyl carbanilate) : Ifts. from ale., m.p. 47° ( 41 ), 
46° (42). [From C with aq. aniline (slight excess) (41) (18); also indirectly (42).] 

Methyl Ar-(p-tolyl)carbainate: unreported. 

N,N'-bw-(Benzyl)urea: ndls. from ale., m.p. 167.6-169° cor. (43). [From C (1 ml.) 
with benzylamine (3 ml.) + trace NH4a refluxed 1 hr. (43); note that in this react, 
the reagent amine not only reacts with the chlorine atom of C but also ammonolyzes 
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the carbomethoxy group; the prod, is therefore a disubstituted urea rather than 
methyl AT-benzylcarbamate, ndls. from pet. ether, m.p. 64r-65® (44), which has been 
reported indirectly (44).] 

iV- (Carbomethoxy )phthalimide : unreported. 

iV- (Carbomethoxy )-3-mtrophthalimide: unreported. 

jV-(Carbomethoxyl)-tetrachlorophthalimide: unreported. [Note that C with K 

tetrachlorophthalimide fails to react under reflux and explodes on htg. in s.t. (45).] 

S- (Carbomethoxy )isothiourea picrate: m.p. 207-210° (46). [Note that C (1 mole) 

with thiourea (1 mole) in cone. aq. soln. on treatment with NaHCOs in slight excess 
evolves CO 2 and ppts. (carbomethoxy )isothiourea bicarbonate, bulky white ppt., 
m.p. 62.5-63.5°; this ppt. dissolves readily in cold dil. HCl and upon addn. of PkOH 
ppts. the corresponding picrate; note, however, that the above bicarbonate on stdg. 
with aq. for 2 days changes spontaneously to JV,JV-dicarbomethoxythiourea, insol. 
aq., m.p. 117-118°, and thiourea (extractable with aq.) (46). — Note, however, 
that C (1 g.) with thiourea (1 g.) in EtOH (10 ml.) refluxed for 30 min., then treated 
with PkOH (1 g.), does not yield the above prod, but instead (47) /8-methylisothiourea 
picrate, m.p. 224° (47).] 

3:5075 (1) Karvoneri, Ann. Acad. Sd. Fennicae A-10, No. 4, p. 18; CerU. 1910, III 808. (2) 
Mizushima, Kubo, BuU. Chem. Soc. Japan 18, 178 (1938). (3) Mohler, Helv. Ckim. Acta 21, 
787 (1938). (4) Rose. Ann. 205, 227-229 (1880). (5) Mohler. Polya, Hdv. Chim. Acta 10, 
1238 (1936). (6) von Auwers, Ber. 60, 2140 (1927). (7) Klepl, J. prakt. Chem. (2) 20, 447- 
448 (1882) . (8) Cappelli, Gazz. chim. ital. 50, II 8-12 (1920) ; C.A. 15, 524 (1921) . (9) Hentschel, 
Ber. 18, 1177 (1886). (lO) Dumas, Peligot, Ann. chim. (2) 58, 52-54 (1835); Ann. 15, 39-40 
(1835). 

( 11 ) Hentschel, J. prakt. Chem. (2) 36, 210-213 (1887). (12) Bayer & Co., Ger. 297,933, 
Feb. 7, 1921; Cent. 1921, II 803. (13) Clo5z, Ann. chim. (3) 17, 302-304 (1846); Ann. 60, 260- 
261 (1846). (14) Cahours, Ann. chim. (3) 19, 349-351 (1847); Ann. 64, 314-315 (1848). (15) 
KUng, Florentin, Jacob, Ann. chim. (9) 14, 203 (1920). (16) Carr5, Bull. soc. chim. (5) 3, 1069 
(1936), (17) Carr6, Passedouet, Compt. reild. 200, 1767-1769 (1935). (18) Vies, Rec. trav. chim. 
53, 964-966 (1934). (19) Hentschel, J. prakt. Chem. (2) 36, 99-113, 305-309 (1887). (20) 
Kling, Florentin, Lassiour, Schmutz, Ann. chim. (9) 13, 46-53 (1920). 

(21) Grignard, Rivat, Urbain, Ann. chim. (9) 13, 230-244 (1920). (22) Hood, Murdock, 
J. Phys. Chem. 23, 509 (1919). (23) Pomilio, Salvatore, Italian 338,820, Jan. 16, 1936; Cent. 
1937, I 4689; not in C.A. (24) I^aft, Lyutina, J. Gen. Chem. {U.S.SR.) 1, 190-192 (1931); 
Cent. 1931, II 3197; C.A. 26, 2167 (1932). (25) Kraft, Alekseev, J. Gen. Chem. iU.S.S.R.) 2, 
726-729 (1932); Cent. 1933, II 1666; C.A. 27, 2426 (1933). (26) Kraft, Alekseev, Obsh. Chim. 
{U.S.S.R.) 2, 726-729 (1942) ; Chem. Prods. 6, 69-71 (1943) ; C.A. 38, 720 (1944). (27) Goswami, 
Sarkar, J. Indian Chem. Soc, 10, 537-539 (1933). (28) Perret, Biechler, BuU. soc. chim. (5) 3, 
957-958 (1936). (29) Gluud, Niissler, Keller (to Gesellschaft fur Kohlentechnik), Ger. 592,539, 
Feb. 17, 1934; Cent. 1934, II 3437; C.A. 28, 3417 (1934). (30) Corson, Sayre, Org. Syntheses, 
CoU. Vol. 2 (Ist ed.), 596-597 (1943); 13, 100-101 (1933). 

(31) Scholl, Egerer, Ann. 397, 355-357 (1913). (32) Backer, Lolkema, Rec. trav. chim. 57, 
1237-1238 (1938). (33) Adickes, J. prakt. Chem. (2) 145, 240-241 (1936). (34) Franchimont, 
Klobbie, Rec. trav. chim. 7, 353 (1888). (35) Biltz, Jeltsch, Ber. 56, 1916 (1923). (36) Diels, 
Paquin, Ber. 46, 2007 (1913). (37) Diels, Fritsche, Ber. 44, 3022-3023 (1911). (38) Dains, 
Wertheim, J. Am. Chem. Soc. 42, 2307 (1920). (39) Heller, Ann. 263, 281 (1891). (40) Longo, 
Gazz. chim. ital. 63, 466-468 (1933) ; Cent. 1933, II 3415; C.A. 28, 122 (1934). 

(41) Heller, Ber. 18, 978 (1885). (42) Nekrassow, Melnikow, J. prakt. Chem. (2) 126, 91 
(1930). ( 43 ) Dermer, King, J. Org. Chem. 8, 168-173 (1943). (44) Weerman, Jongkees, J?ec. 
trav. chim. 25, 243 (1906). (45) Allen, Nicholls, J. Am. Chem. Soc. 56, 1409 (1934). (46) Dixon, 
Kennedy, J. Chem. Soc. 117, 84-85 (1920). (47) Levy, Campbell, J. Chem. Soc. 1939, 1443. 
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1,1,1-TIUCHLOROETHANE CHj.CCla 0,11,0, 
(Methylchlorofonn ) 

BeiL I - 86 


11— 

12- (66) 

B.P. 

F.P. 

= 1.43838 (4) 

74.5® 

at 767 mm. (1) -30.4“ {4) = 1.3493 

74.9® 

at 768.3 mm. (2) -33.3“ <8) 

1.4384 (1) 

74.1® 

at 760 mm. {3) -33.7“ (9) 

1.4379 (9) 

74® 

(9) -33.96“ (21) 



73.9'' cor. at 760 mm. (4) 

73.86-73.94® cor. (5) 

73.8® (6) 

74.1-74.5® at 747.6 mm. (7) 

Liquid. — [For f.p./compn. data on mixts. of C with 2,2-dichloropropane (3:7140) or 
with pentachloroethane (3:5880) see (8); for extensive study of vap. press., heat capacity, 
and other thermodynamic props, see (21); for soly. of aq. in C see (22).] [For use of C 
as dry cleaning fluid see (10); for use of C in dewaxing of oils see (11).] [For detn. of C 
in air by thermal decompn. method see (23).] 

[For prepn. of C from 1,1-dichloroe thane (ethylidene dichloride) (3:5035) by actn. of 
CI 2 see (12) (13) (7); for manufacture of C from 1,1-dichloroethylene (vinylidene dichloride) 
(3:^5005) by cat. addn. of HCl see (14) (15).] 

C with Ca(OH )2 at ord. temp, loses HCl yielding (16) 1,1-dichloroethylene (3:5005). 

C with aq. under specified conditions and catalyst hydrolyzes to yield (17) (18) AcOH, 
AcCl, or AC 2 O. 

[For study of actn. of fluorine on C sec (19).] 

C with phenol -|- aq. NaOH gives (20) small yield of a mixt, of o-hydroxy acetophenone 
(1:1746) and p-hydroxyacetophenone (1:1527). [For impt. clarification of previous 
misapprehension of this reactn. sec (20).] 

3:5085 (1) Wiswall, Smyth, J. Chem. Phys. 9, 357 (1941). (2) Pierre, Ann, 80, 127 (1851). 
(3) Staedel, Ber. 15, 2563 (1882). (4) Henne, Hubbard, J, Am. Chem. Soc. 58, 404-406 (1936). 
(6) Maryott, Hobbs, Gross, J. Am. Chem. Soc. 03, 660 (1941). (6) Kohlrausch, Koppl, Monaiah. 
05, 198 (1935). (7) Sutton, Proc. Roy. Soc. A-133, 673-674 (1931). (8) van de Vloed, BuU. 
aoc. chim. Belg. 48, 259, 262 (1939). (9) Turkevich, Smyth, J. Am. Chem. Soc. 62, 2469 (1940). 
(10) Parkhuwt (to Stand. Oil of Cal.), U.S. 1,948,045, Feb. 20, 1934; Cent. 1934, II 863; C.A. 28, 
2924 (1934). 

( 11 ) Sharpies Specialty Co., French 801,583, Aug. 7, 1936; Cent. 1937, 1 263. (12) Regnault, 
Ann. 33, 317-319 (1840). (13) Staedel, Ann. 195, 183-185 (1879). (14) I.G., Gcr. 523,436, 
April 23, 1931; Cent. 1931, 1 3607. (15) Nutting, Huschcr (to Dow Chem. Co.), U.S. 2,209,000, 
July 23, 1940; C.A. 35, 140 (1941). (16) I.G., Brit. 349,872, July 2, 1931; French 702,361, 

July 7, 1931; Cent. 1931, II 1191. (17) Lloyd, Kennedy, U.S. 1,849,844, March 15, 1932; Cent. 
1932, I 2994; C.A. 26, 2747 (1932). (18) Britton, Reed (to Dow Chem. Co.), U.S. 1,870,601, 
Aug. 9, 1932; Cent. 1932, II 3305. (19) Henne, Renoll, J. Am. Chem. Soc. 58, 889-890 (1936). 
(20) Cope, J. Am. Chem. Soc. 57, 672-574 (1935). 

( 21 ) Rubin, Levedahl, Yost, J. Am. Chem. Soc. 66, 279-282 (1944). (22) Staverman, Rec. 
trav. chim. 60, 836-841 (1941) ; Cent. 1942, 1 1362; C.A. 37, 2638 (1943). (23) Smyth, Ind. Eng. 
Chem. Anal. Ed. 8, 379 (1936). 
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(X}l 4 BeU.1 

- 64 

(Tetrachloromethane ) 









L-(22) 

B.P. 



F.P. 




77.4® 

at 

774 mm. (1) 

-33® (28) (51) 

* 1.57480 (7) 


77.3® 

at 

766 mm. (2) 

-33.3® 

(52) 

= 1.45767 

(66) 

76.9® 

at 

760 mm. (3) 

-33.5® 

(17) 

1.45707 

(66) 



(20) 


(29) 

= 1.5850 (54) 


76.87® 

at 

749 mm. (4) 

-33.6® 

(30) 

1.58473 (55) 


76.83® 

at 

760 mm. (83) 


(83) 

1.58469 (22) 


76.8® 


(5) (87) 

-33.7® 

(31) 

1.58447 (5) 


76.75® 

at 

760 mm. (6) 

-33.81° 

(15) 

1.58445 (13) 




(7) (19) 

-33.83® 

(32) 

1.58443 (7) 


76.74® 

at 

760 mm. (8) 

-33.86® 

(33) 

1.58434 (56) 




(9) 


(34) 

1.58436 (57) 


76.71® 

at 

760 mm. (10) 

-33.87® 

(35) 

1.58414 (58) 


76.70-76.74* 

"at 

760 mm. (11) 


(36) 

1.6836 (23)(59)(166) 

76.7® u.c. 

at 

764 mm. (12) 

-33.89® 

(37) 

ng = 1.45930 

(21) 

76.69® 

at 

760 mm. (55) 

-33.9® 

(38) 

1.45759 

(13) 

76.686® 

at 

760 mm. (13) 

(39) (53) 

1.4574 

(66) 

76.685® 

at 

760 mm. (14) 

-33.95® 

(7) 

1.45733 

(67) 

76.66® 

at 

760 mm. (15) 

(40) (41) (42) 

1.46724 (166) 

76.6® 

at 

760 mm. (48) 

-33.968® 

(87) 

1.4649 

(68) 

76.58-76.60® 

' at 

761mm. (16) 

-33.0 (43)(44) 

ng® = 1.46786 

(69) 

76.53® 

at 

760 mm. (49) 

(45) (153) 

r^® = 1.69472 (60) 


76.5® 

at 

769 mm. (17) 

-23.4'’ 

(46) 

1.6944 (11) 


76.5® (18) 

at 

760 mm. (19) 

-23.6“ 

(47) 

1.6942 (61) 


76.45-76.50® 

at 

760 mm. (21) 



1.59407 (7) 


76.4® 


(50) (73) 

See also Notes 

1.6940 (61) 


76.33-76.38® 

at 

741 mm. (22) 

4, 5f and 6. 


(62) (63) 


76.3® 

at 

746 mm. (56) 



1.5924 (64) 


76.1® 

at 

743 mm. (23) 



1.46023 (50) 


76® 

at 

733 mm. (24) 



ni? = 1.4630 

(70) 

75.55® 

at 

760 mm. (19) 



1.461 

(15) 

75.4® 

at 

760 mm. (25) 



1.46048 

(11) 



(19) 



1.46044 

(13) 

75.3-75.4® 

at 

729 mm, (56) 



1.46041 

(10) 

75.3® 

at 

761.4 mm. (26) 



1.46040 

(55) 

74.95® 

at 

720 mm. (10) 



1.46026 (165) 

74.4-74.5® 

at 

709 mm. (30) 



1.46033 

(27) 

73.50® 

at 

687 mm. (27) 



* 1.60370 (7) 


73.0® 

at 

643.2 mm. (2) 



1.6011 (23) 


71.0® 

at 

663 mm. (23) 



See also Note 7. 


65.0® 

at 

669 mm. (23) 



n{?«* = 1.46094 

(10) 

63.0® 

at 

606 mm. (23) 





60.0® 

at 

416 mm. (2) 



n}?®® = 1.46266 

(10) 

58.5® 

at 

443 mm. (23) 





59.5® 

at 398.86 mm. (2) 



ni,® 1.46325 (168) 

54.8® 

at 

386 mm. (23) 



1.46305 

(7) 

50.0® 

at 

328 mm. (23) 



1.4639 

(167) 
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B.P. (Coni.) 
46.3® 

at 

282 mm. (23) 

n{?-® - 1.4666 

(71) 

42.0® 

at 

236 mm. (23) 

n{? = 1.4674 


36.0® 

at 170.95 mm. (2) 

(71) 

31.0® 

at 

149 mm. (23) 

nL* ** = 1.46689 


26.0® 

at 

116 mm. (23) 

(10) 




nl?® = 1.4661 

(10) 

See also Notes 1 

, 2, and 3. 




Note 1. For studies of vap. press, of C over range —20® to +283® (72) and range 
+19.2 to 76.4® (73) see indie, refs. 

Note 2. For stutlies of effect on b.p., vap. press., vapor density of very intensive drying 
see (74) (75) (76) (77) (79) (80). 

Note 3. For study of detn. of b.p. range of C as method of estimation of impurities see 
(81). 

Note 4. For studies on effect of prior history of sample on detn. of f.p. of C see (82) 
(52) (51). 

Note 5. For studies of influence of high press, of f.p. see (41) (83). 

Note 6. Solid C has a transition point variously determined as follows: —47® (85) cf. 
(17), -47.55® (33), -47.63® (15), -47.66® (32) (36), -47.84® (39), -48.1® (47), -48.5° 
(86), -48.54® (87). 

Note 7. For studies of density of C over ranges —186® to —80° (88), 0° to 283® (crit. 
temp.) (72), and —18® to +60° (89) see indie, refs. 

[See also methylene {di)chlonde (3:5020) and chltyroform (3:5050).] 

MISCELLANEOUS PHYSICAL PROPERTIES OF C 
Various Solubility Relations 

With water. C is only very slightly sol. aq. and is eas. volatile with steam; e.g., 100 g. 
aq. at 0® dis. 0.097 g. C (91), at 10® 0.083 g. (91), at 15® 0.081 g. (8), at 20® 0.080 g. (91), 
at 30® 0.077 g. (8), 0.085 g. (90; for study of salting-out effect of KCl or MgS04 see (92). — 
For studies of soly. of aq. in C at 0® (93), 10® (94), 20® (94), 25® (93), and 30° (93) (94) .see 
indie, refs.; for study of reciprocal soly. of C + aq. see (95). • 

With various inorganic compoimds. [For data on soly. in C of H2 (96), O2 (97) (98), 
O3 (99) (100), air (96), N2 (at high pressure) (101), NO (107), NO2 (102), N2O (96), NH3 
(103), H2S (103), SO2 (96) (116), HCl (103) (104) (105) (106), HBr JlOO), CI2 (108) (109) 
(110), or CO2 (111) (112) see indie, refs. — For data on soly. of I2 in C see (113) (121) (122) 
(123) (124) (125); for study of nature of I2 solns.jn C see (114); for soly. of I2 in CCI4 
vapor see (115). — For data on soly, of sulfur in C see (128) (129) (130). — For data on 
soly. of AICI3 in C see (135).] 

With various organic compounds. [For data on soly. in C of ethane (116), ethylene 
(116) under high press. (101), acetylene (116), dimethyl ether (117), CH3CI (117) (118), 
COCI2 (119) (120) see indie, refs.] 

Binary Systems Containing C 
(See also azeotropes containing C) 

t with various inorganic compounds. C + Ch* for f.p./compn. data and diag. (note 
that 5 different cpds. are formed) see (29) cf. (17) (126). — C + Br 2 : for f.p./compn. data 
and diag. (eutectic has f.p. about —47.6® and conts. about 82.7 mole % C (38)) see (38) cf. 
(125). — 5 + I 2 : see above xmder soly. of l2 in C. — 5 + I-Cl: for f.p./compn. data and 



673 


LIQUIDS WITH > 115 


3:5100 


diag. (series of solid solns.) see <31 ) cf. <127). — (? + for f.p./compn. data and diag. 
see <131). — (7 + H 2 JS: for f.p./compn. diag. see <132). — (7 4- for f.p./compn. data 
and diag. see <133). — C + PCU: for formn. of compd. 2PCl6'CCl4 see <134). — 5 4 
PBrh- for formn. of 2 cpds. see <134). — ^4- TiCh: for f.p./compn. data and diag. see <63); 
for b.p. and liq. vapor compn. see <48). 

C with org. cpds. of Order 1 . (7 4 n-heptane (1 : 8575) : for study of ht. of mixing see 

(136) ; for ni>/compn. sec <165). — <7 4 (1:7400): for f.p./compn. data and diag. see 

(137) (138) <90); for data on <12), (12), Dff (12), (57) (140) (166), and Dfg (141) 

versus compn. see indie, refs.; for wd*® (142), nf? (10), or nU (65) (68) (166) versus compn. 
see indie refs.; for refractive indices at various wave lengths see (67); for data on b.p. at 
720 mm. (10), vap. press. (2) <58) (10) <65) (143) (163), heat of mixing (141) (144), Uq.- 
vapor equil. (145), or study of distn. through packed column (139) see indie, refs. — (7 + 
toluene (1 : 7405) : for data on vap. press. <4) (143), D 20 (12) cf. <4), (166), nJI (146), and 

rii> (4) (166) see indie refs. — C 4 cyclohexane (1:8405): for f.p./compn. data (147), 
Z^® (62), Z> 4 ® (140) (58), njy (140) see indie, refs. 

(7 4 - MeOH (1:6120): for D 4 ® and wJVcompn. see (151). — C 4 EtOH (1:6130): for 
vap. press, data/compn. see (148) (149); for (59) (166) and nj) (167) or nU (166) see 
indie, refs. — <7 4 n-PrOH (1 : 6150) : for nf) /compn. see (66). — C 4 n-BiiOH (1 : 6180) : 
for ni?/compn. see (165). — C 4 isoAmOH (1:6200): for and versus compn. see 
(166). — <74 cyclohexanol (1:6415): for f.p./compn. data see (150) 

G 4 - diethyl ether (1:6110): for data on f.p./compn. (152), (62), Dj® (166), and nj} 

(166) sec indie, refs. — G dusopropyl ether (1:6125): for Z4® /compn. see (62). — <7 4 
dioxane^l,4. (1:6400): for Z^Vcompn. see (62). — G 4 anisole (1:7^5): for f.p./compn. 
data and diag see (153). — C 4 diphenyl ether (1:7125): for f.p./compn. data and diag. 
see (153). 

G 4 acetone (1:5400): for f.p./compn. data and diags. see (90) (147); for Z)|® <62), 
Z4® (59), and nf} (166) versus compn. see indie refs. 

G 4- MeOAc (1 : 3005) : for ZlJ® and nf? versus compn. see (166). — G -h EtOAc (1 : 3015) : 
for f.p./compn. data and diag. sec (152); for data on vap. press. (65) (192), Z)|® <166), 
’ifo (27), no (166) cf. (65) versus compn. see indie, refs. — ^4 EtOBz (1:3721): for Z^® 
compn. see (61). — <7 4 diethyl carbonate (1:3150): for Z>i> /compn. see (5). 

C with org. cpds. of Order 2. <7 4 nitrobenzene: for f.p./compn. data and diag. (eutectic, 
f.p. “34.5°, conts. 84.5 wt. % C (44)) see (44) cf. (138); for Z)??, and versus compn. 
see (154). — <7 4- aniline: for f.p./compn. data (147) and Z^®/ compn. (155) see indie, refs. — 
G 4 quinoline: for Z^Vconipn. see (62). 

C with org. cpds. of Order 3. <7 4 CH 2 CI 2 (3:5020): for data on b.p., Z4®i and liq.- 
vapor equilibria see (156). — G + CHCh (3 : 5050) : for f.p./ compn. data and diag. (eutectic, 
f.p. “81.4°, conts. 49.4 wt. % C (46)) (38) (147) (157) cf. (125) see indie, refs.; for Z^®/ 
compn. see (156) (158) cf. (12); for nj} compn. see (166); for b.p. and liq.-vapor equil. 
see (156). — (7 4 1 yl~dichloroethane (3:5035): for b.p., Z^®, and liq.-vapor equil. see <156). 
— C 4 1 i^-dichloroethane (3:5130): for data on b.p. <49) <159), liq.-vapor equil. <49) <159) 
(160), Dio/compn. (49) see indie, refs. — C 4- peniachloroethane (3:5880): for f.p./compn. 
data and diag. see (157). — <7 4 lyli2,2-t€trachloroethylene (3:5460): for f.p./compn. data 
(45), vap. press. (3) and liq.-vapor equil. (3) see indie, refs. — C 4- ^iMichUrropropane 
(3: 7140) : for f.p./compn. data see (45). — G A- ter-bviyl chloride (3 : 7045) : for f.p./compn. 
data and diags. (complete series of solid solns.) see (47) (161). — 0 4 chlorobenzene (3 : 7903) : 
for Z) 4 ®/compn. see <61 ). 

C with org. cpds. of higher orders. G 4- CBr^: for extensive study of this system see 
<162); for Z) 4 Vcompn. see <54). — <7 4 C 2 HtBr: for /compn. see <158). — <7 4" 
dibromoethane: for f.p./compn. data and diag. see <138). 
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<? + CHh: for f.p./compn. data see <45). — 5 + EtI: for vap. press., liq.-vapor equil., 
and nD** see <66 ). 

C 4- €8%: for f.p./compn. data <147), study of distn. <164) <168), E^o/compn. <164), 
Dft/compn. <12), and ni>/compn. <168) see indie, refs. 

Ternaby Systems Containing C 
(See also azeotropes containing C) 

C + MeOH (1:6120) + aq.: for studies of phase relations <169) cf. <170) and colloidal 
character <171) see indie, refs. — C -f EtOH (1:6130) + aq.: for data on soly. relations 
inch density and refractive indices see <173) cf. <170). — C + EtOH (1:6130) C%H% 
(1:7400): for data on vap. press, see <148). — 0 + EtOH (1:6130) + glycerol (1:6540): 
for study of soly. relatioE3 see <172). — C + n-PrOH (1:6150) + aq.: for data and diags. 
of soly. relations at 20®, and nU/compn , sec <66) cf. <170). — 0 4* AcOH (1 : 1010) + 

(1 : 7400) : for data on density and wi> see <68); for vap. press, data see <2). — C + toluene 
(1:7405) + 1,2-dibromoethane: far extensive study see <4) <174). — C 4- CH2CI2 (3:5020) 4- 
CHCh (3:5050): for f.p./compn. data (ternary eutectic, f.p. —111.4°, conts. 13 wt. %C 4- 
60 wt. % CH 2 CI 2 + 27 wt. % CHCI 3 ) see <46). 

Binary Azeotropes Containing C 

C 4 - MeOH (1 : 6120) : C forms with MeOH a const.-boilg. mixt., b.p. 55.70° at 760 mm., 
contg. 79.44 wt. % = 44.5 mole % C <175), b.p. 54.4° at 734 mm., contg. 77 wt. % C <176), 
b.p. 54.2° at 718 mm., contg. 79 wt. %C<176);cf. also <177) <178). — C + (1:6130): 

C forms with EtOH a const.-boilg mi.xt , b p. 64.95° <175), 65 08° <179) at 760 mm., contg. 
84.15 wt. % 61.3 mole % <175) C; cf. also <180) <181); for effect of press, on this azeotrope 

see <182). — C -j- n~PrOH (1 : 6150) : C forms with n-PrOH a const -boilg. mixt., b.p. 72.8° 
<175), 73.1° <179) at 760 mm., contg. 88.5 wt. % = 75 mole % <175) C; cf. also <183). — 
C 4- isoPrOH (1 : 6135) : C forms with isopropyl ale. a const.-boilg. mixt., b.p. 67.5° <175), 
68.95° <184), contg. about 82 wt. % <175) <184) = 64 mole % C; cf. also <183) — C 4- 
n^BvOH (1 : 6180) : C forms with n-butyl ale. a const.-boilg. mixt., b.p 76.55° at 760 mm., 
contg. 97.5 wt. % C <179). — G isoBuOH (1:6165): C forms with isobutyl ale. a const.- 
boilg. mixt., b.p. 75.8° at 760 mm., contg. 94 5 wt. % = 89 mole %C <175) cf. <183) <186). — 
C 4” ter~BuOH (1 :6140): C forms with <er-butyl ale. a const.-boilg mixt., b.p. 69 5° <175), 
70.5° <185) at 760 mm., contg. 83 wt. % <175), 76 wt. % <185) C. — C 4- ter-ArnOH (1 : 6160) : 
C forms with dimethyl-ethyl-carbinol a const.-boilg. mixt., b.p. about 76° at 760 mm., contg. 
about 95 wt. % C <185). — C 4- allyl alcohol (1 : 6145) : C forms with allyl ale. a const. -boilg. 
mixt., b.p. 72.5°, contg. 79.5 mole % C <187). 

C 4- acetone (1 : 5400) : C forms with acetone a const.-boilg. mixt , b.p. 55.9° at 763 mm. 
<188), about 56° at 760 mm. <185), contg. about 11.5 wt. % <185) C. — C 4- methyl ethyl 
ketone (1:5405): C with methyl ethyl ketone forms a const.-boilg. mixt., b.p. 73.8° at 760 
mm., contg. 71 wt. % = 53.4 mole % <175) C. 

C -h AcOH (1 : 1010) : C forms with AcOH a const.-boilg. mixt., b.p. about 77° at 760 mm., 
contg. about 97 wt. % C <189). 

C 4- EtOAc (1:3015): C forms with ethyl acetate a const.-boilg. mixt., b.p. 74.75° at 
760 mm. <175) <190), contg. 57 wt. % C <190); b.p. 76.15° at 789.2 mm. contg. 55.6 mole 
% C <191); b.p. 71.56° at 685.0 mm. contg. 58.2 mole % C <27); b.p. 66.72° at 583.7 mm. 
contg. 60.75 mole % C <191); b.p. 61.32° at 484.5 mm. contg. 63.75 mole % C <191); b.p. 
55.22° at 385.2 mm. contg. 67.75 mole % C <191); b.p. 47.36° at 285.7 mm. contg. 72.6 
mole % C <191 ) : for study of thermodynamics of system see <193). — C 4- methyl propimate 
(1 : 3020) : C forms with methyl propionate a const.-boilg. mixt., b.p. 75.5° at 760 mm., 
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contg. 60 wt. % = 46 mole % (176); b.p. 76® at 760 mm. contg. about 75 wt. % (194) C. — 
G H“ n-Pr Jormate (1 : 3030) : C forms wUh n-propyl formate a const.-boilg. mixt., b.p. 
74.6® at 760 mm., contg. about 69 wt. % C (184). 

C + nitromethane: C forms with nitromethane a const.-boilg. mixt., b.p. 71.3® at 760 mm., 
contg. about 83 wt. % C (184). — (? + 1 ,2-dichloroethane (3:5130): C forms with ethylene 
dichloride a const.-boilg. mixt., b.p. 75.30® at 760 mm., contg. about 70 mole % C (49) cf. 
(159); b.p. about 76® at 760 mm. contg. 79 wt. % C (185). 

Ternary Azeotropes Containing C 

C + EtOH (1:6130) + this S3rstem forms a ternary two-phase const.-boilg. mixt., 
b.p. 61.8® at 760 mm. (181) (175), contg. 86.3 wt. % = 57.6 mole % C + 10.3 wt. % « 
23.0 mole % EtOH -f 3.4 wt. % = 19.4 mole % aq. ; for use of this azeotrope in detn. of 
water content of wood see (195). — C 4* n-PrOH (1 :6150) + aq : this system forms a 
ternary two-phase const.-boilg. mixt., b.p. 54 4® at 760 mm , contg. 54 4 mole % C -f 18.0 
mole % n-propyl ale. + 27.6 mole % aq. (176). — C -h allyl ale. (1 : 6145) -f aq.: this system 
forms a const.-boilg. mixt., b.p. 65.4® at 760 mm., contg. 90.43 wt. % = 64.5 mole % 
C -f 5.44 wt. % = 10 4 mole % allyl ale. + 4.13 wt. % = 25.1 mole % aq. (187); b.p. 
65.15® at 760 mm. contg. 53 8 mole % C -f 18.7 mole % allyl ale. + 27.5 mole % aq. (175). 
— 5 + ter-BuOH (1:6140) -h aq.: this system forms a const.-boilg. mixt., b.p. 64.7® at 
768 mm., contg. about 85 wt. % C -h 11.9 wt. % ter-BuOH + 3.1 wt. % aq. (188). 

G + "nielhyl ethyl ketone (1:5405) aq : this system gives a const.-boilg. mixt., b.p. 
65.7® at 760 mm , contg. 76 9 wt. % C + 20.1 wt. % methyl ethyl ketone + 3.0 wt. % aq. 
(188); for use of this azeotrope in detn. of water in wood see (195). 

Other Selected Physical Characteristics op C 

[For studies of thermal conductivity of C see (196) (197) (198); for studies of heat ca- 
pacity of C (39) (15) (183) as calcd. from spectroscopic data (199) (200) see indie, refs.; for 
studies of specific heat of C sec (21); for studies of heat of fusion and/or of transition see 
(39) (15) (36) (86) (157); for studies on ebullioscopic const, of C, viz., 4.88° (201), 4.68° 
(202) per mole solute in 1000 g. C, see indie, refs.; for studies on cryoscopic const, of C, 
viz., 29.9° (203), 29.8° (204) per mole solute in 1000 g. C, see indie, refs.] 

[For studies of adsorption of C on various carbons (205) (206) (207) (208) (209) (210) 
(211) (212) (213) at low press. (214) (215), animal charcoal (216), wood or cocoanut charcoal 
(217) (218) (219) (220) (221) (222) (223) (224), alumina gel (225) (226), silica gel (227) 
(224) (228), Fc(OH )3 gel (229) (230), Cr(OH)3 gel (231), Ti02 gel (232), or mica (233) 
see indie, refs.] 


PHYSIOLOGICAL ASPECTS OF C 

C (as vapor) does not cause acute poisoning until exposure for 30 min. to conens. of 
1000-1500 p.p.m. (234) but constant exposure to conens. above 100 p.p.m. (234) (235) or 
even 50 p.p.m. (236) will cause serious physiological disturbances. The least conen. of C in 
air detectable by odor is 71.8 p.p.m, (237). For further studies of toxicity and industrial 
hygiene of C see (238) (239) (240); for study of comparative toxicity of C and 1,1,2-trichloro- 
ethylene (3:5170) see (241). 

USES OF C 

G is widely used as solvent, fire extinguisher, fumigant, anthelmintic, etc.; although any 
detailed survey of these aspects is beyond the scope of this book, a few special uses are cited. 
[For study of use of C as solvent for ozonization see (24); for use in conen. of HNOs (242) 



8:^100 


CARBON TETRACHLORIDE 


576 


or AcOH (243) or in drying of higher ales. (244) see indie, refs.; for use of molecular com- 
pound (246) of C with rotenone in extraction {245) and detn. (246) (247) (2481 of rotenone 
see indie, refs.] 

DETECTION OR DETERMINATION OF 0 

Detection of C. [For detection of C in pres, of CHCI 3 (3:5050) q.v. by methods based 
on differences in aq. soly. (249), or on solv. power for papaverine HCl (250) or quinine 
sulfate (251), or on color reactions with pyrocatechol (1:1520) (252) (253), a-naphthol 
(1 ; 1500) (254) cf. (255), or 2,7-dihydroxynaphthalene (255) cf. (254) (for further details 
on last two see at end of text of this compd. under ®), sec indie, refs. For review of 
literature of tests for C see (256).] 

Note that C does not (251) reduce Fehling soln. [dif. from CHCI3 (3:5050)]. 

Determination of C. Methods for the detn. of C are based upon both physical and 
chemical procedures or combinations of the two. 

Physical methods include those based upon adsorption of C, e.g., on activated carbon 
(257) or silica gel (258); by thermal conductivity of vapor of C (259); by measurement of 
vapor press. (260); or on interference refractrometry (234). 

Chemical methods include those based upon decompn. of C by combustion and/or 
hydrolysis followed by detn. of HCl or of chloride ion, or those based upon color reactions. 
|For examples of methods based upon combustion followed by detn. of HCl (261) (262) 
(263) (264) (265) (266) (267) (268) (279) (for combustion in Hg see (269)); methods based 
upon hydrolysis with ale. alk. (270) (271) (272) or reduction with Na 4 - ethanolamine 
(273) (274) followed by detn. of chloride ion; or methods based upon use of color (Fujiwara) 
reaction with pyridine + alkali (275) (276) (277) (278) see indie, refs.) 

DETECTION OF OTHER COMPOUNDS IN C 

[For studies on removal of CHCI3 (3:50501 from C by digestion with Fehling soln. at 
60-70® for several hrs. (280); on detection in C of CS 2 by addn. of MeOH (1:6120) and 
fonnn. of CS 2 /MeOH azeotrope_of b.p. 37.1® at 751 mm. (188) or by use of xanthate reaction 
(281); on removal of CS 2 from C by use of ale. hydrazine hydrate (282) see indie, refs.; for 
detection in C of carbonyl chloride see (283) (284) (285) (286) and also under phosgene 
(3:5000).] 


PREPARATION OR FORMATION OF C 

The principal methods of prepn. of C are those involving chlorination of CS 2 or of hydro- 
carbons, but many other procedures have been studied as exemplified below. 

From carbon disulfide. [Prepn. of C from CS 2 by action of CI 2 was first effected (287) 
by passage through red-hot tube; in subsequent development of this method use of various 
catalysts has been found to reduce the required temperature. The overall reaction is 
believed to occur in two stages, viz., (1) CS 2 + 3 CI 2— >0014 -h S 2 CI 2 and (2) CS 2 + 
2 S 2 CI 2 CCI 4 + 6 S. The resultant sulfur may be recovered and used again in prepn. of 
CS 2 J 

(For an extensive account of prepn. of C prior to 1906 see monograph of Margosches 
(288); for longer summary as of 1938 see (289); for still later patents and articles on use of 
CI 2 (290) (291) (292) (293) (294) (295) or various sulfur chlorides (296) (297) (298) (299) 
see indie, refs.] 

[For studies on use of various catalysts, e.g., Br 2 (300), I 2 (301), I 2 + Fe (302), MoCls 
(303), SbCls (304), or FeCls J[304), see indie, refs.; note that CS 2 reacts with SbC4 even 
without addn. of CI 2 to give C (306).] 
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(Note that in chlorination of CS 2 with restricted amts. CI 2 various intermediate carbon 
chlorosulfides have been detected (306) (307).] 

From methane. The formation of C, together with CHsCl (3:7006), CH 2 CI 2 (3:5020), 
CHCls (3:5050), and other products, has been very extensively studied from many view- 
points. The literature of this reaction is diffuse and interlocked with that of methane 
and of the various other chlorination products. For this reason and because detailed 
treatment of this topic is beyond the scope of this book, the following citations must be 
regarded only as leading references. 

[The formn. of C from CH 4 by action of CI 2 was first discovered in 1840 by Dumas (308). 
For examples of more recent technical papers ((309)-(317), incl.) and patents ((318)-(332), 
incl.) see indie, refs.] 

From other hydrocarbons. [For examples of patents on prepn. of C from aliph. hydro- 
carbons higher than methane (including in some cases also their halogen derivatives) see 
(313) (333) (334) (335) (336) (337). — For prepn. of C from acetylene + CI 2 + cat. at 
100 - 200 ° (338) or with CI 2 + euteetje of AlCls/NaCl/FeCL at 175-200° (339) see indie, refs, 
(see also below under prepn. of C from tetrachloroethylene). — For prepn. of C from 
naphthalene by destructive chlorination see (340).] 

From various chloro and polychloro compounds. [For technical papers on prepn. of G 
from chlorinolysis of various chloro and polychloroparafl5ns (341) or chloropentanes (342) 
see indie, refs.] 

[For patents on prepn. of C from tetrachloroethylene (3:5460) with CI 2 at 700-800® 
(343) or with CI 2 over activated carbon at 600-650° (337) see indie, refs.; for study of this 
reaction see (344). For formn. of C from hexachloroethane (3:4835) pyrolyzed in air at 
550-600° see (342).] 

[For prepn. of C from CHCI 3 (3 : 5050) by chlorination with CI 2 in sunlight (first prepn. 
of C) (345) or u.v. light (346) (347) (348) (349), at 260-300° (350), or in pres, of FeCls (351) 
or of aq. (352), or from CHCI 3 with ICl at 165° (353), or with NaOCl (reaction very slow 
and incomplete (354)), see indie, refs.] 

[For formn. of C from CFCI 3 with AICI 3 see (355); from CBrCla with CI 2 in dark at 100° 
(356) or in light (357) (358) see indie, refs.] 

From miscellaneous sources. [For formn. of C from charcoal or other form of carbon 4* 
CI 2 see patents (369) (361) and technical papers (344) (360); from trichloroacetyl chloride 
(3 : 6420) on htg. with AICI3 (362) or pyrolysis through glass tube at 600° (363), from tri- 
chloromethyl chloroformate (3 : 5515) on htg. with AICI3 (364), from chloral (3 : 5210) with 
CI 2 in sunlight (365), or from acetone (1:5400) with NaOCl soln. (366) cf. (354), or from 
phosgene (3 : 5000) on htg. with cat. (344) cf. (372), see indie, refs.] 

[For formn. of C from dimethyl sulfide [Beil. 1-288, Ii-(144), l2-(276)] with CI 2 + I 2 at 
100-120° in daylight see (367) (368) (369); from trichloromethyl sulfur chloride C per- 
chloromethyl mercaptan ”) [Beil. III-135, IIIi-(63), IIl2-(106)] on htg. with Fe filings or 
ZnF 2 (370) cf. (307) (371) or with CI 2 + I 2 in sunlight (370) see indie, refs.; from thiophos- 
gene [Beil. 1II-134, IIIi-(63), IIl2-(105)] with Fe at 37° for many months or from “ tri- 
chloromethyl dithiochloroformate [Beil. III-215, IIl2-(155)l with Fe in s.t. at 100° see 
(307).] 

CHEMICAL BEHAVIOR OF C 

Pyrolysis of t. [C on pyrolysis at 600-1500' {373> {374) cf. (344) (375) (376) gives 
tetrachloroethylene (3:6460) (80% yield (374)), hexachloroethane (3:4835), and other 
products. C by action of electric arc (377) cf. (378), dark electric discharge (in H 2 ) (379), 
radium emanation (380), gives hexachloroethane (3:4835) and various other products.] 
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[Note also that C in X-radiation (381) (382) or ultrasonic radiation (383) splits off some 
CI 2 . For action of X-radiation on mixts. of C with aq., CHCI 3 , CHI 3 , Igr., or cyclohexane 
see (381) (384); for decompn. of C in u.v. light below 2750 A see (385).] 

Oxidation of C. C under various oxidizing conditions yields phosgene and other products. 
[E.g., C with O 2 in light of 2537 A (386) or with atomic oxygen (387) gives carbonyl chloride 
(3:5000) ; C with O 2 over white-hot Pt (375), or with air over CuCl 2 or FeCls at elev. temp. 
(388), or C over GCO 2 (389), or C with pyrosulfuryl chloride (1 mole) + sulfuric acid 
monohydrate (2 moles) on warming (390) (391) (392) (393) giv^ phosgener (3:5000). 
For formn. of phosgene (3 : 5000) q.v. during thermal decompn. of C (as in use as fire ex- 
tinguisher) see (394), also below under behavior of C with metals.] [Note that C, unlike 
CHCI 3 (3:5050), is not oxidized by Fehling soln.] 

Reduction of C. [C with K/Hg aq. gives (395) methane; C with Fe(OH )2 + aq. alk. 
gives (396) CH 2 CI 2 (3:5020) + CHCI 3 (3:5050); C with Zn + H2SO4 (397) (398), finely 
divided Fe 4- aq. (399) + cat. (400) (401), or on electrolytic reduction (402) gives CHCI 3 
(3:5050). For behavior of C with atomic hydrogen see (403).] 

[Note that C + H2 over pumice in hot tube gives (404) CHCI3 (3 : 5050), CH2CI2 (3 : 5020), 
tetrachloroethylcne (3:5460) + hexachloroethane (3:4835), and at red heat (395) methane 
and ethylene. C with excess H 2 over reduced Ni at 270® gives (405) hexachloroethane 
(3:4835) + HCl.] 

Substitution of C. C by reaction with F 2 , metallic fluorides, or HF, etc., each in the 
presence of appropriate catalysts, undergoes replacement of one or more of its chlorine 
atoms by fluorine and consequent formation of mixed derivatives such as CCI 3 F, CCI 2 F 2 
( “Freon ” = “ Freon -12 ” “ F -12 CCIF 3 , etc., to whose properties as refrigerants, etc., 
much attention is currently being given. [Detailed analysis of the conversion of C to 
these materials is far beyond the scope of this book, but for examples of leading technical ' 
papers (406) (407) (408) (409) (410) (411) and patents ((4l2)-(429)) see indie, refs.] 
(See also below under behavior of C with inorganic salts.) 

Hydrolysis of C. [C with aq. on long exposure (e.g., 7 months (430)) to sunlight gives 
CO 2 + HCl; C with large excess of aq. in s.t. at 250® also gives CO 2 + HCl, but C with 
very small proportion of aq. under same conditions gives (431) some phosgene (3:5000). 
At ord. temp, hydrolysis of C by pure aq. is scarcely perceptible, but in presence of Fe, Cu, 
acid, or alkali, hydrolysis is strongly accelerated especially at higher temperatures (432). 
C is hydrolyzed by aq. 4- reduced Fe but not by aq. NaHCOs (342) under reflux.] 

[C with boilg. ale. alk. is eventually completely hydrolyzed (use in detn. of C by estima- 
tion of resultant chloride ion (see above)); however, reaction is slow and with N aq. or ale. 
KOH or NaOEt at 60® is very slight in 2 hrs. (433). For study of rate of hydrolysis of C 
with KOH in 95% ale. (434) cf. (435), or with Ba(OH )2 or TlOH m 50% ale. (436), see 
indie, refs.] 

Behavior of C with inorganic salts. [C with AlBrs at room temp, for 3 days gives (358) 
CBrCls [Beil. 1-67, l2-(31)], b.p. 104.2-104.35® at 758.5 mm. (358), but C with AlBra at 60® 
gives (437) cf. (438) CBr 4 [Beil. 1-68, Ii-(17), l 2 -( 35 )], m.p. 94°, b.p. 189.6® at 760 mm. with 
slight decompn. (439).] 

[C with AII 3 (440), A1 4- I 2 in CS 2 (441), Cal 2 4" 2 H 2 O or Lil 4- I. 6 H 2 O in evacuated s.t. 
at 90-92® for 5 days (50-55% yield (442)) (^3), with BI 3 (444), or C (1 mole) 4 - C 2 H 6 I 
(4 moles) 4“ AICI 3 (0.1 mole) (445), or best C (0.7 mole) with CH 3 I (2.94 moles) 4 - AICI 3 
(0.016 mole) at 40° (92% yield (446)) gives carbon tetraiodide, CI 4 [Beil. 1-74, Ii-(19), 
l2-(39)l.l 

C with ale. AgNOs does not react even after several days; note that in this respect C 
behaves like CH 2 CI 2 (3:5020) and CHCI 3 (3:5050) while CHsCl (3:7005) gives a ppt* 
within 3 hrs. (446). 
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Behavior of C with metals. C with alkali or even alkaline-earth metals undergoes 
explosive decompn. on htg. or even at room temp, if subjected to sufficient mechanical shock. 
[For studies on the explosion of C with alkali metals see <477) <448); for further studies 
on explosion of C with Li, Na, K, Ca, Sr, Ba, Mg, Al, and Tl, expecially with reference to 
sensitivity to mechanical shock, see <449). — For behavior of C with Na vapor see <460); 
for rate of reaction of C with Na atoms see <451); for study of C + Na/Hg as means of 
sepn. of isotopes of chlorine see <452) cf. <453).] 

[For study of hazards of behavior of CCI4/CHCI3 mixts. with Mg <454) <455) or Al <454) 
see indie, refs.; note also that C refluxed with Al powder <456) or Al/Hg <457), or C with 
Al -f AICI3 at 60-75° <458), or C with Cu powder at 120° <458) or molecular Ag at 200° 
<431) gives (yields: 80% <456), 65% <457)) hexachloroethane (3:4835).] 

Note that C with Mg in boilg. ether does not react, even in the presence of various 
catalysts <459). 

[For extensive study of corrosion of metals by C <460) cf. <461) <462) <463) <432) see 
indie, refs.] 

Behavior of C with other inorganic reactants. [0 is claimed to be unaffected by cone. 
H2SO4 at 237° <464) although over H2SO4 on pumice at 150° C is reported <465) to give 
HCl, SO2, COC12 + CO2.] 

[For study of photochem. reaction of C with H?S giving hexachloroethane (3:4835) + 
S 4- CCI3SH see <466); for studies on photochem. decompn. of CI2O in C see <467) <468) 
<469) <470) cf. <471); for behavior of C with Br20 giving phosgene (3:5000) + CI2 *4 Br2 
scej472).] 

[C with NH3 under high press, in pres, of Cu 4 I2 at 140° for 17 hrs. gives (35-40% 
yield <473)) guanidine hydrochloride [^il. Ill 82, IIIi-(39), ni2-(69)]. — C with hydrazine 
hydrate in stream of NH3 refluxed for several days gives (poor yield <474)) NtN'^N”- 
tnaminoguanidine [Beil. 111-122, llIi-(57), IIl2-(fl7)], as monohydrochloride, m.p. 228° 
dec.] 

Behavior of C with organic reactants. With carbon monoxide. [C with CO 4 AICI3 at 
200° and 250 atm. for 6 hrs. gives (37% yield <475)) trichloroacetyl chloride (3:5420).] 
With hydrocarbons. [C (excess) with octcne-1 (1.8375) in pre^. of small amts. (0.02 
mole) of dibenzoyl peroxide (or diacetyl peroxide) adds to unsatd. linkage giving <476) 
1,1,1,3-tetrachlorononane; under similar conditions C adds to one of the unsatd. Linkages of 
diallyl (1:8045) giving 5,7,7, 7-tetrachIoroheptene-l or to both giving 1,1,1,3,6,8,8,8- 
octachloro-octane. — For other addns of C to olefin linkages sec below.] 

[C with CeHe in pres, of AICI3 gives according to conditions triphenylchloromethane 
(3:3410) <477), triphenylmethane (1:7220) <478), or benzophenone (1:5150) <479). 
Other arom. hydrocarbons and aryl halides behave similarly but cannot be detailed here.] 
With saiuraled halohydrocarbons. C (0.7 mole) with Mel (2.94 moles) 4 AICI3 (0.015 
mole) at 40° gives (92% yield <446)) carbon tetraiodide (see also above under behavior of 
C with inorganic salts). — C with CBr4 in pres, of slightly moistened AICI3 at 170° for 7 hrs. 
undergoes a redistribution reaction giving <480) an equil. mixt. of CCI4, CClsBr, CCl2Br2, 
CClBrs, and CBr4.] 

With unsaturated halohydrocarbons. [C with ord. 1,2-dichloroethylene (3:5030) 4 
AICI3 gives <481) <482) cf. <483) 1,1,1,2,3,3-hexachloropropane (3:6460); for reaction of 
this system yielding heptachloropentenes see <483).] 

[C with trichloroethylene (3:5170) 4 AICI3 at 20-30° for 48 hrs. gives (49% yield <484)) 
<481) <482) 1,1,1,2,3,3,3-heptachloropropane (3:6860).] 

With alcohols or alcoholates. [0 with MeOH over cat. at 200-350° gives <485) MeCl 
(3:7005); C with EtOH under similar circumstances gives EtCl (3:7015).] 

[C with NaOCHs would be expected to yield tetramethyl orthooarbonate [Beil. IIl2-(4)J, 
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b.p. 112^113® at 724 mm. <486), n}? * 1.3841 (486), but this reaction is unreported, the 
eiqsected prod, having been* made only by other methods. — C with NaOC 2 H 5 would be 
expected to yield tetraethyl orthocarbonate [Beil. III-5, lIIi-(4), lIl2-(5)], b.p. 167-158® 
(487), 59.0-60° at 14 mm. (486), = 0.9197 (488), ® = 1.39354 (488), but this re- 

action is unreported cf. (505); however, the prod, has been prepd. from CBr 4 with NaOEt 
in dry ether in s.t. at 170° (487), from ** thiocarbonyl tetrachloride," CSCI4 cf. (489) re- 
fluxed in dry ether with NaOEt, and in other ways ] 

With mercaptans or mercaptides. [C with NaSCHs might be expected to ^ve tetramethyl 
tetrathioorthocarbonate, C(SCH 3 ) 4 , but this appears to be unreported; C with NaSCHs 
has been found (492) to react differently giving trimethyl trithioorthoformate [Beil. Hi- 
(39)1, m.p. 16° (493), b.p. 220° dec. (493), 103-104° at 12 mm. (492), 96°_at 9 mm. (493), 
n}) *= 1.6696 (492), and dimethyl disulfide, b.p. 39-41° at 18 mm. (492). — C with NaSC 2 H 6 
is claimed (491) to give the expected homologous tetraethyl tetrathioorthocarbonate 
C(SC 2 H 6 ) 4 , but this material was not well characterized, and C with NaSC 2 H 6 has subse- 
quently (492) been found to give triethyl tritliioorthoformate [Beil. 11-95, Hi- (39)1, b.p. 
235° dec. (493), 174° at 760 mm. (494), - 1.053 (495), ni^ = 1.5410 (492). — For 

behavior of C with salts of n-propyl, n-butyl, and /er-butyl mercaptans see (492 ).l 

With phenols or phenolates. [C with phenol (1 : 1420) in pres, of ZnCl 2 + ZnO at 120° 
gives (496) diphenyl carbonate (1 : 2335), various dihydroxybenzophenones, and other 
products; for analogous study of C with o-cresol (1 : 1400) see (497).l 

[C with K phenolate at 170° gives mainly (498) aurin (pararosolic acid) (4',4"-dihydroxy- 
fuchsone) [Beil. VIII-361, VIlIi- (671)1; for analogous behavior of C with K o-cresolate and 
K m-cresolate see (498). 1 

With diacyl peroxides. [C refluxed with di-n-butyryl peroxide for 17 hrs. gives (499) 
7i-propyl chloride (3:7040) -h hexachloroethane (3:4835) + ethyl n-butyrate (1:3127); 
C refluxed similarly with di-n-isobutyryl peroxide gives (499) isopropyl chloride (3:7025) 
hexachloroethane (3:4835) -h ethyl isobutyratc (1:3095).] 

[C with di-a-naphthyl peroxide under reflux gives (500) CO2, a-chloronaphthalene 
(3:6878), <x-naphthoic acid (1:0785), and other products; C with di-jS-naphthyl peroxide 
imder reflux gives (500) CO2, iS-chloronaphthalene (3:1285), iS-naphthoic acid (1:0800), 
and other products.] 

[C with dibenzoyl peroxide under reflux gives (501) (502) (603) 4-(trichloromethyl)- 
benzoic acid, hexachloroethane (3:4835), phosgene (3:5000), chlorobenzene (3:7903), and 
other products; for study of kinetics of reaction see (504).] 

With salts of enolic esters. [C with diethyl sodio-malonate (505) (507) or with diethyl 
disodio-malonate (506) (507) (508) (509) gives the Na enolate of tetraethyl a, 7 -dicarboxy- 
glutaconate, (C2H600C)2C==CH — CH(COOC 2 H 6)2 [Beil. 11-876, IIi-(336), ll2-(710)], 
b.p. 208-210° at 23 mm. (510), 200-204° at 18 mm. (510); note that this product is also 
obtd. from CHCI 3 (3:5050) with diethyl sodio-malonate (505) (511) (512) (513) (514) 
(616) (616) (517).] 

[C with 4 moles of Na enolate of ethyl cyanoacetate in ale. at 100° gives (605) cf. (508) 
the sodium enolate of diethyl a, 7 -dicyanoglutaconate, C 2 H 6 OOC — C(CN)=CH--<^H- 
(CN)C(X)C 2 H 6 [Beil. 11-878, Il2-(712)1, also obtd. from CHCI3 (3:5050) with the Na 
enolate of ethyl cyanoacetate (518) (519) (520).] 

With amines. The behavior of C with amines has been little studied. [For studies on 
the behavior of C with aniline (521) and also with other aromatic amines in pres, of Cu 
powder (522) or I 2 (523) see indie, refs.] 

0 Color reaction with a-naph^ol/cydohexanol. C (1 drop) with 2 ml. of a 2% soln. 
of o-naphthol (1 : 1500) in cyclohexanol (1 : 6415) -f 1 pellet of solid NaOH, boiled 
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26 seconds and cooled, gives (254) blue color; one portion of this blue solution under- 
laid with equal volume 85% H 2 SO 4 , stood 1 min. and shaken, remains blue; a second 
portion of the alkaline blue soln. acidified with equal vol. AcOH ( 1 : 1010), 8 t(^ 1 min. 
and shaken, becomes red. [Note that the alkaline boilg. also gives a blue color with 
CH 2 CI 2 (3:5020) and with CHCI 3 (3:5050), while other chlorinated solvents (254) 
give yellow-brown, ^ay, or brown; in the H 2 SO 4 acidification CH 2 CI 2 (3:5020) gives 
greenish blue, while both CHCla (3 : 5050) and C give intense blue; in the AcOH acidi- 
fication CH 2 CI 2 (3:5020) gives yellow while CHCls (3:5050) gives an orange-yellow 
color.] 

® Color test with 2,7-dihydrozynaphthalene/cyclohezanol. C (1 drop) with 2 ml. 
pure cyclohexanol (1 :6415) -f- 1 pellet NaOH 4 - a few mgms. 2,7-dihydroxynaphthap 
lene htd. at 197® (b.p. of ethylene glycol) for 45 seconds, decanted from undii^lved 
NaOH, cooled, and shaken with 2 ml. AcOH + 4 ml. 96% EtOH, gives a pale yellow- 
brown color (255). [Note that under these conditions CH 2 CI 2 (3:5020) gives a steel- 
blue color while CHCI 3 (3 : 5050) gives a deep red color.] 

® Color test with cyclopentanol. C (1 drop) in 1 ml. cyclopentanol (1:6412) 1 

pellet NaOH boiled 25 seconds, then shaken vigorously for 35 seconds, and treated with 
4 ml. 96% EtOH and shaken, gives an intense brown color (255). [Note that, after 
addition of ale., CH 2 CI 2 (3 : 5020) gives a more intense red or becomes reddish brown 
while CHCI 3 (3:5050) gives only a pale citron-yellow. By comparing with authentic 
known samples, this test is claimed (255) to be able to detect as little as 5% C in CHCU.] 
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3:5110 1,2-DICHLOROPROPENE-l CHa— C=CH C8H4CI2 Beil. 1 - 199 

(Low-boilg. stereoisomer) Ii — 

I 2 — 

B.P. 

77.0® at 757.2 mm. (1) « 1.1765 (1) ng = 1.4451 (1) 

75® (2) Di® « 1.1818 (1) ng - 1.4471 (1) 

[See also the higher-Imlg. stereoisomer (3:5150).] 

[For prepn. of C from 1,2,2-trichloropropane (3:5475) with MeOH/NaOMe or EtOH 
NaOEt at ord. temp. (55-58% yield (1)), or with ale. KOH (2) or with aq. on htg. in s.t. 
(3), see indie, refs.) 

6 with abs. MeOH (1:6120) forms a eonst.-boilg. mixt., b.p. 56.6-56.8® at 760 mm., 
ng- 1.4030, oontg. 75 wt. % C (1). 

C with Cl, St 0° in strong light adds 1 mole halogen giving (1) 1,1,2,2-tetrachloropropane 
(3:5825). 
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C with Br2 at 0® slowly adds 1 mole halogen giving (1) (3) I,2-dibromo-l,2-dichloro- 
propane, b.p. 190® <3). 

C with 63 in CCI4 at —15® followed by aq. gives (1) acetic acid (1:1010) and formic 
acid (1:1005). 

8:5110 ( 1 ) Huntress, Sanchez-Nieva, unpublished work. (2) Friedel, Silva, BuU. see. ckim. (2) 
17, 386 (1872); Jahresber, 1872, 322; CompL rend. 74, 806-809 (1872); 75, 81-86 (1872). (3) 
Friedel, Silva, Jahresber, 1871, 322, 329. 

3:5120 1,1-DICHLOROPROPENE-l CHs.CH=CCl 2 C 8 H 4 CI 2 BeU. 1-190 

Ii- 

l2~ 


B.P. 79-80® 

<1) 

Dj® * = 1.1764 <8) 

78® 

(2) (3) (4) (5) 

eg = 1.2030 <8) 

77.16-77.35 

(6) 


77® 

(7) 


76.5® 

(8) 



Colorless oil insol. in aq. 

[For prepn. of C from l,l,l-trichloropropanol-2 (3:0846) with Zn dust + AcOH see 
(6) (5); from corresp. acetate with Zn dust 4- ale. see (8); from butylchloral (a,a,/3-trichloro- 
n-butyraldehyde) (3:5910) (1) (2) (9) or its alcoholate (10) with KOH see indie, refs.; 
from Ag 2,2,3-trichlorobutyrate on boilg. with aq. (3) or Na 2,2,3-trichlorobut3rrate on 
distn. (4) see (3) (4); for prepn. from 1,1,2-trichloropropane (3:5630) -f aq. or ale. alk. 
or aq. Ca(OH)2 see (11) (14).l 

C on oxidn. with K2Cr207 -f H2SO4 gives (7) AcOH (1 : 1010). 

C adds Br2 very easily giving (9) l,l-dichlorc)-l,2-dibromopropane [Beil. I-lll], b.p. 
188® (9). — C with CI2 at 0-30® yields (12) 1,1,1,2-tetracliloropropane (3:5270), b.p. 153®. 

C with HCl 4 AICI3 at 5-10® yields (13) (14) 1,1,1-trichloropropane (ethylchloroform) 
(3:5270), b.p. 106-107®. 

3:5120 ( 1 ) Krdmer, Pinner, Ber. 3, 388-389 (1870). (2) Kramer, Pinner, Ann. 158, 47-49 (1871). 
(3) Judson, Ber. 3, 789 (1870). (4) Valentin, Ber. 28, 2663 (1895). (5) Wohl, Roth, Ber. 40, 

216 (1907). (6) Bruyne, Davis, Gross, Physik. Z. 33, 720 (1932). (7) Lieben, Zeisel, Monaiah. 

4, 636 (1883). (8) Faworski, Jozit.sch, J. Russ. Phys.-Chem. iSoc. M, 998-1003 (1898); Cent, 

1899, I 778. (9) Pinner, Ann. 179, 44-45 (1875). (10) Froundler, BuU. eoc. chim. (4) 1, 601- 
603 (1907). 

(11) Cass (to du Pont), U.S. 2,134,102, Oct. 25, 1938; Brit. 471,186, Sept. 30, 1937. (12) 
Cass (to du Pont) U.S. 2,097,442, Nov. 2, 1937; Brit. 471,187, Sept. 30, 1937, Cent. 1938, 1218. 
(13) Levine, Cass (to du Pont), U.S. 2,179,218, Nov. 7, 1939; Brit. 603,615, May 11, 1939; 
CenL 1939, II 1572. (14) Henne, Whaley, J. Am. Chem. Soc. 04, 1157 (1942). 
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3:5130 1,2.DICHL0R0ETHANE CHa— CH2 C2H4CI2 BeU. I - 84 

(Ethylene (di)chloride; I 1 Ii-(24) 

fij/m.-dichloroethane ) I2- (52 ) 


B.P. 

F.P. 






84.1° cor. at 760 mm. (1 ) [— 32.5° 

(28)1 

Df = 1.2525 

(40) 

= 1.4430 

(47) 

84.08‘ 

-35.3° 

(36) 

1.2463 

(41) 

1.4427 

(91) 

cor. at 760 nim.(2) 






84° at 760 mm. <3) 36° 

(11) 

1.24571 

(44) 

1.4423 

(14) 

83.9° at 766 mm. {4) -35.5° 

(23) 

1.34554 (23) 

1.44118 

(48) 

83.8° 

(5) (6) 

(5) 

1.2455 

(42) 



83.76° at 760 mm. <7> -35.8° 

(24) 

1.2445 

(43) 



83.7-84.3° 

(8) -35.9° 

(37) 

1.2444 

(4) 



83.7-83.9° 

-36.0° 

(34) 





cor. at 772 mm.(0) 

(38) 

Df = 1.2569 


o 

II 


83.7°at760mm. (10) 


(10) 

(49) 

(11) (12) (111) (112) (-43.0° 

(39)1 

(22) (34) 

1.44505 

(50) 

83.65-83.70 

° at 760 mm. (13) 


1.2541 

(12) 

1.44476 

(18) 

83.65° 

at 760 mm. (14) 


1.25295 

(44) 

(19) (20) 

83.6-83.8° 

(15) (16) (17) 

1.85277 (23) 

1.4447 

(51) 

83.5-83.7° 

(18) (19) (20) 

1.2521 

(45) 

1.4446 

(52) 

83.5° 

at 760 mm. (21) 


1.252 

(3) 


(79) 


(22) (23) (34) 


1.2515 

(4) 

1.4444 

(53) 

83.5° 

(24) 


1.2501 

(46) 

1.44439 

(46) 

83,481° cor. 

at 760 mm. (25) 




1.44432 

(45) 

83.45° 

at 760 mm. (26) 




1.4443 

(201) 

83.43-83.48^ 

» (27) 




1.4440 

(54) 

83.4-83.6° 

(28) 




1.444 

(34) 

83.3° 

at 749 mm. (29) 




1.44268 

(13) 

83° 

(30) 






82.85° 

at 760 mm.(lOO) 


2>f = 1.26000 (23) 

n}5 = 1.44759 

(23) 

82.6-82.8° 

at 743 mm. (31) 




See note 3. 

82.4° 

at 747 mm. (32) 






82.3-82.6° 

(33) 






81.47° cor. 

at 700 mm. (2) 






79.325° cor. 

at660.8mm.(25) 






76.63° cor. 

at 600 mm. (2) 






75.05° cor. 

at 600 mm. (2) 






64.73° cor. 

at 400 mm. (2) 






See also Notes 1 and 2. 






Note 1. For b.p. of C at press. 660-860 mm. (25), 400-1080 mm. (2), see indie, refs.; 


C has b.p. 84.9-85.5" at 777 mm. (53). 

Note 2. For vap. press, of C over range —30 to 100° (1), or 0-30° (8), or 0-25° (55) 
see indie, refs.; for relation between vap. press, and temp, see (56) (25). 

Note 3. For values of ^ at 14 different wave lengths see (57). 

Care must be taken to avoid confusion of C with either cis (3:5042) or tram (3:5028) 
1 ,2-dichloroethylene. 
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MISCELLANEOUS PHYSICAL PROPERTIES 

Various solubility relations. C is almost insol. aq., but easily volatile with steam (see 
under azeotropes) ; soly. of C in 100 g, at 0° is 0.873 g. (58), 0.922 g. (8); at 10® = 0.885 g. 
(8); at 15® = 0.872 g. (59); at 20® - 0.869 g. (8), 0.849 g. (58); at 25® = 0.865 g. (16); 
at 30® - 0.90 g. (59), 0.894 g. (8); at 35® = 0.895 g. (58); at 56® * 1.030 g. (58). — {For 
influence of added salts in diminishing soly. of C in aq. see (16). — Note that C with aq. 
under press, forms a solid hydrate which can be maintained up to -f 18® under 100 atm. 
but which at ord. press, decomposes below 0® (60). — For soly. of aq. in C at 0®, 25®, and 
30® (as detd. by Karl Fischer reagt.) see (61).] 

[For soly. in C of NH 3 at 20® and 1 atm. (62), of H 2 S at 20® and 1 atm. (62), of HCl at 
various temps, and press. (62) (63), of ethylene at 0-40® (4), or of chlorine at —9® to -+-40® 
(4) see indie, refs.) 

[F’or soly. in C of I 2 over range 11-25® (and comparison with other chlorinated solvents) 
see (64).] 

[For study of industrial recovery of C by countercurrent absorption in kerosene see (66).J 

Adsorption of C by solids. [For studies on adsorption of C by activated carbon (66) 
(67) (68) (69) (70), by silica gel (67), or by alumina gel (71) see indie, refs. — For patent 
on sepn. of C from other solvents by adsorption on carbon sec (72).] 

Other properties. [For study of thermal conductivity of C see (73); for study of dif- 
fusion of vapors of C through films of various cellulose esters see (74).] 

Binary systems contg. C. , (See also azeotropes (below).) 

C with hydrocarbons — C + n~heptane (1 : 8575) : use in testing of distg. columns (detn. 
of number of theoret. plates) see (75). — C + cyclohexane (1 : 8405) : for values of Do® and 
ni> (49), for use in detn. of number of theoret. plates in distg. columns (75), or for sepn. 
of C from system by forming azeotrope of cyclohexane with MeOH (76), see indie, refs, 
(see also below under azeotropes). 

C -+- benzene (1 : 7400) : note that because of the proximity of the b.p.^s of the com- 
ponents, because of the importance of both as industrial solvents, and because they are 
not readily separable by chemical means (such as H 2 SO 4 , etc.) a great deal of study has 
been given to the system from various viewpoints. 

For f.p./compn. data on system C -f- CeHe, eutectic, f.p. —54.2®, contg. about 67 mole 
% C see (24) cf. (77); for (78) (79), »?? (78) (79) (49), or ng* (80) (89) cf. (81) see 
indie, refs. — For use of this system as test liq. for studying efficiency of distn. colunms 
see (81 ) (78) (79) (82); for study of distn. of the system see (78) (79) (81) (82) (83) (84) (85); 
for use in detn. number of theoret. plates see (75) (78); for data on vap. press, of system, 
vapor liq. compn., etc., see (86) (87) (88) (80) (49) (89) (90). 

C -f- toluene (1:7405): for no for system see (91) (92); for vapoivliq. equil. data and 
study of distn. of system sec (83) (91) (92) (93). 

C with other cpds. of Order I. C acetic acid (1 : 1010): for values of D and n for the 
system see (94); for vapor-liq. equil. see (95); see also under uses of C (below). — C -h 
phenol (1:1420): for vap. press, of system see (96). — C + acetone (1:5400): for D and 
nf? see (49) (94), for vapor-liquid equil. see (49). — C -f diethyl ether (1:6110): for f.p./ 
compn. data and diag. see (24); for Do over range 0-40® see (97). — C -f ethylene oxide 
(1:6105): for soly. and vap. press. (98) and vapor-liq. equil. (106) see indie, refs. 

C vnth cpds. of Order III. € CHCh (3:5050): for b.p./compn. diag. see (99). — 
C -\-CCh (3:5100): for Dio <100) and vapor-liq. compn. data and diagrams (100) (99) 
(88) (see also below under azeotropes). 

C -+- Ifl-dichloroelhane (3:5035): for b.p. at 760 mm., and vapor-liq. equil. data 
see (101). — C -H 1^1^24ri<M<yroethmie (3:5330): for f.p./compn. data, eutectic f.p. —79* 
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(102), and for D and vapor-liq. equil. (4) see indie, refs. — 5 + lJ,B,B-tetrachlaroethane 
{acetylene tetrackUmde) (3:5760): this system forms a 1:1 cpd., m.p. abt. —31.3® (102); 
for f.p./compn. data and diagrams see (102); for nf^/compn. and for range t =* 14r-27® 
see (30). — C + pentachloroethane (3:5880): for f.p./compn. data, eutectic, f.p. —62®, 
see (102). 

C + cis-dichhroethylene (3:5042): for f.p./compn. data see (103). — C + trans-dickloro- 
ethylene (3 : 5028) : for f.p./compn. data see (103). 

C + lflBf4t^-4etrachlorohemene (3:4115): for f.p./compn. data sec (35). — (7 + carbonyl 
chloride {phosgene) (3:5000): for soly. relations at 20®, 0®, and —15® (104) and b.p., vapor- 
liq. equil. (105) see indie, refs. — C + ^•chloroethanol-l {ethylene chlorohydrin) (3:5552): 
for D and liq.-vapor equil. data and diag. sec (106). 

(7 with miscellaneous cpds. of orders other than I or III. (7 + ethylene dibromide: for 
f.p./compn. data (the two form solid solns.) see (103) (102) cf. (107); for D 25 and Wd for 
system see (48) cf. (108). — C 2-tetrahromoethane {sym.-acetylene tetrabromide): 

for f.p./compn. data see (102). — C carbon disulfide: for f.p./compn. data and diag. 
see (28). — G 8 uccino{di)nitrile: for f.p./compn. data, eutectic at —48°, see (102), cf. 
(109). 

Azeotropes (con8t.-boilg. mixts.) contg. C. C with aq. forms a heterogeneous const.- 
boilg. mixt., b.p. 72®, contg. 80.5 wt. % C (110). 

Azeotropes with hydrocarbons. G with cyclohexane (1:8405) forms a const.-boilg. mixt., 
b.p. 74.4® at 760 mm., nf? = 1.42879, contg. 45.5 wt. % C (49). 

Azeotropes with other chlorohydrocarbons. G with CCh (3:5100) forms a const.-boilg. 
mixt., b.p^ 75.6° at 760 mm. (7), 75.3° at 760 mm. (100), contg. 21 wt. % (7) or 30 mole 
% (100) C. — G with trichloroethylene (3:5170) forms a const.-boilg. mixt., b.p. 82.9® at 
760 mm., contg. 82 wt. % C (7). 

Azeotropes with alcohols. G with MeOH (1:6120) forms a const.-boilg. mixt., b.p. 60.95® 
at 760 mm., contg. 68 wt. % C (111). — G with EtOH (1:6130) forms a const.-boil. mixt., 
b.p. 70.5® at 760 mm., contg, 63 wt. % C (111). — G with n-propyl ale. (1:6150) forms a 
const.-boilg. mixt., b.p. 80.65° at 760 mm., contg. abt. 81 wt. % C (111). — G with isopropyl 
afc._^(l:6135) forms a const.-boilg. mixt., b.p. 74.7° at 760 mm., contg. 56.5 wt. % C (111). 
— C with isobutyl ale. (1:6165) forms a const.-boilg. mixt., b.p. 83.45® at 760 mm., contg. 
93.5 wt. % C (112). — C with ter~amyl ale. (1:6160) forms a const.-boilg. mixt., b.p. 83® at 
760 mm., contg. 94 wt. % C (113). 

Azeotropes with adds. G with formic acid (1 : 1005) forms a const.-boilg. mixt., b.p. 77.4® 
at 760 mm., contg. 86 wt. % C (114). [Note that no data on any azeotrope of C with 
AcOH can be found; however, for use of C in dehydration or conen. of AcOH see below 
under uses of C.] 


USES OF e 

Because of its valuable solvent props, and high volatility C is widely used in a great 
many different connections, some of which involve its mixture with one or more other 
organic compounds. — Although no review of its uses could hope to be conq)lete, the 
following examples are intended to be helpful in suggesting typied cases. 

[For general reviews which include uses see (115) (34) (116); for an important annotated 
and indexed bibliography contg. 469 titles see (117).] 

References on the use of C (or of its mixts. with CCI4) as a fumigant for grain or as an 
insecticide or fungicide are beyond the scope of this work; however, a few citations on 
some aspects of this use are given as lead articles. — [E.g., for general articles on this 
aspect see (118) (119) (120) (121) (122); for study of combustibility of C/CCI4 mixts. used 
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for fumigation (123), for study of extinction of flames from C with CO 2 (124), for effect 
of C/CCI4 on metals during its use for fumigation (125).] 

[For use of C in concn. (dehydration) of AcOH see (126) (127) (128) (129) {13Q); for 
similar use with propionic acid, butyric acid, and valeric acid see (131), for use in dehydra- 
tion of EtOH see (132).] 

[For use of system C (40%) -f- CCI 4 (3:5100) (60%) as dry cleaner’s solvent (133) and 
removal of scavenged impurities with carbon (134) see indie, refs.; for use of system C 
(75%) 4- trichloroethylene (3:5170) (25%) as dry cleaner and metal degreasing solvent 
see (135) (136) (137).] 

[For \ise of C in extraction of oils (138) (139) (140) (141) (142) (143), in purifn. of vitamin- 
contg. oils (144), in extractn. of soybean oil (incl. ni> for system) (47), in wool degreasing 
(145) (146) see indie, refs.] 

[For use of C in lacquer and varnish industry see (147) (148) (149).] 

[For study of C as solvent for cellulose acetates see (150) (151), for use of C + EtOH 
as solv. for cellulose acetate see (152); for use of C in sepn. of simple from mixed cellulose 
esters see (153); for use of a mixt. of C (90-40%) -}- an ale. (10-^%) (154) or a mixt. of 
C (40-50%) + an alkyl acetate (60-50%) (155) as solv. for cellulose ethers see indie, refs.] 

[For use of C in dewaxing of mineral oil (156) (157), as solvent for rubber (158), for 
removal of caffeine from coffee (159), as component of refrigerant liq. (160), in purifn. of 
triphenyl phosphate (161), in dentrifices (162), in hair-wash (163) see indie, refs.) 

[For use of C in sepn. of olefins and diolefins from alkanes see (164).] 

[For patents on sepn. of mixts. of C 4- 1,2-dichloropropane (3:5200) + n-butyl ale. 
(1: 6180) (165), or of C 4- aq- sol. ales, and /or ketones (166), see indie, refs.] 

C also serves as a raw material for the comml. manufacture of other prods.; this topic 
cannot be fully explored here, but attention is called to two important examples. — For 
use of C as starting point for the prepn. of elastothiomers (167) such as “ Thiokol A ” 
(168) (169) (170) (from C -|- alkali polysulfide) or elastoplastics (167) of the polyaryl- 
ethylene type such as AXF (171) (172) (from C + aromatic hydrocarbons 4- AICI3) see 
indie, refs, (and also below under chem. behavior of C;. — For use of C as starting point 
for prepn. of ethylene glycol (1:6465) by hydrolysis, ethylenediamine by ammonation, 
or vinyl chloride by dehydrohalogenation see below under chem. behavior of C. 

TOXICITY AND PHYSIOLOGICAL ACTION OF C 

Full treatment of this topic is beyond the scope of this work; however, for lead references 
on toxicity of C see (390) (391) 4" (173)-(180) incl. (references earlier than 1934 will be 
found in the cited articles). 

[For study of C as anthelmintic see (181) (182); for antiseptic and disinfectant actn. see 
(183) (184); for actn. of C on yeast see (185).] 

DETERMINATION OF C 

Some methods for detn. of C involve conversion of all of its halogen to chloride ion and 
subsequent volumetric or gravimetric detn. of the latter: e.g., for methods based on initial 
pyrolytic decompn. see (186), for methods involving initial combustion of G with Mn 02 
at 300** (187), with air (188), in a modified sulfur lamp (189), or (for high conens.) by an 
explosion pipet method (190) see indie, refs. — For methods based on conversion of halog^en 
to chloride ion by reactn. with Na 4- ethanolamine in dioxane (191) (192) (latter discussed 
application to mixts. of C with CCI4 (3:5100) and with tetrachloroethylene (3:5460)), or 
with ale. NaOEt (193) (194) (195) (note that this method gives CH 2 =CHC 1 + NaCl), see 
indie, refs. 
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Note that oxidn. of C with CrOa/HQSOi in pres, of Hg yields CO 2 quantitatively (196) 
(dif. from many polychloro cpds.). — Note also that C does not respond to the R + H 
“ Tri-Per Analyzer ** (a recording ultra-violet photometer) (197). 

For detn. of C in organs and tissues see (198). 

PREPARATION OF C 

The most-studied method for prepn. and manufacture of C is that from ethylene by 
addn. of chlorine; this method is also of historical interest as leading to the discovery of 
C in 1795 (199) and its initial designation as oil of the four Dutch chemists.” — Various 
other modes of formn, of C have since been discovered and will be indicated below. 

Preparation from ethylene. By me of chlorine. Ethylene with chlorine under certain 
conditions adds chlorine quant, yielding only C; under other conditions, however, the 
system gives 1,1,2-trichloroethane (3:5330) -h HCl. — In the absence of catalysts, the 
substitution reactn. is avoided by use of very low temperatures; in the presence of catalysts 
addition (rather than substitution) is facilitated even at the higher temperatures (e.g., 
120®) resulting from heat of reactn. 

For general articles discussing the various factors involved see (200) (201) (53) (202) 
(203) (204) (205) (69); for articles discussing the reaction from the viewpoint of utilization 
of the ethylene of industrial gases see (206)-(214) inch; for patents on prepn. of C from 
ethylene + CI 2 see (215)-(236) inch [For prepn. of “ heavy ” C contg. one atom see 
below under miscelh prepns.] 

By use of HOCl (Ck + ^20, etc.). Although ethylene with HOCl solm.. gives mainly 
ethylene chlorohydrin (3:5552) nevertheless some C is formed; for studies of this reactn. 
see (237) (238) (239) (240) (241). 

By other miscellaneous reagts. [For formn. of C (together with other prods. ) from ethylene 
with CI 2 in AcOH or AC 2 O soln. (242), with TICl -f- air over pumice contg. CuCl 2 at 300° 
(243), with aq. ICl (244), with NCI 3 in CCL* soln. at 20-“25° for 7 days (245), with nitryl 
chloride (CINO 2 ) (246), with SbCls or CuCl 2 (247), or with V-chlorourea (253) see indie, 
refs.) 

Formation of C from ethane or acetylene. [For formn. of C from ethane with NOCl 
at 300® (248) or with CI 2 + O 2 + cat. at 300-650° (249) sec indie, refs.; for formn. of C 
(together with other prods.) from acetylene with HCl gas in pres, of NO 2 (250), or with 
a, in pres, of CCI 4 + AlCla/NaCl/FcCb at 175-250° (251) cf. (252), see indie, refs.] 

Formation of C from miscellaneous sources and by various methods. [For formn. of 
C (together with other prods.) from methyl chloride (3:7005) in dark elec, discharge (254); 
from ethyl chloride (3:7015) with CI2 in light (255), with NCI3 (256), or with SbCls in 
s.t. at 100® (257); from 1,2-dibromoethane (ethylene dibromide) (1 mole) with SbCls 
(2 moles) (note that use of only 1 mole SbCls yields ethylene chlorobromide) (258); from 
l-chloro-2-iodoethane (ethylene chloro-iodide) with finely divided Ag at 160® (259) see 
indie, refs.] 

[For formn. of C (together with other prods.) from ethylene glycol (1:6465) with excess 
fumg. HCl in s.t. at 100® (260), with PCI 3 + ZnCl 2 (57% yield (261)), with PCls (262), 
or PCls + ZnCl 2 (37% yield (261)), with SOCI 2 + pyridine (62% yield (261)) see indie, 
refs.; from ethylene oxide (1:6105) with S 2 CI 2 (263); from 1,4-dioxane (1:6400) with 
Zn H- acid chlorides (264); from 2 -chloroethanol-l (ethylene chlorohydrin) (3:5552) by 
disproportionation in s.t. at 184® for 10 hrs. (265) or during reactn. with HBr (266); from 
5M-(/3-chloroethyl) sulfite with CI 2 (267); from &is-(j3-chloroethyl) sulfate with cone. aq. 
HCl (268) or with alk. chloride ■+■ dil. HCl (269) see indie, refs.] 

[For formn. of C (together with other prods.) from diazomethane with ZnClz in ether 
(270), from ethylenediamine with NOCl in xylene (271), see indie, refs.] 
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[For prepn. of “ heavy ” C contg. 1 atom (from NaC^^N via CHsC^^N, CH 8 .C^®- 
H 2 NH 2 , CH 3 .C^®H 2 N (CH 3 ) 30 H, CH 2 ==C*^H 2 ) and its reactn. with CI 2 see (272>.l 

CHEMICAL BEHAVIOR OF C 

Pyrolysis of C. C on suitable htg. especially in pres, of dehydrohalogenating cat. loses 
1 mole HCl yielding vinyl chloride (3:7010) [e.g., C over activated carbon at 230-250® 
(273), or with aq. vapor over cat. at 800-1000° (274), or over pumice at 600° (275) cf. 
(276) (277), or over alumina at low red heat (278) yields vinyl chloride (3 : 7010)]. 

Behavior op C with Inorganic Reactants 

Reaction of C with CI 2 . C with CL gives according to the conditions chlorinated deriva- 
tives either of the ethylene or ethane series. 

(E.g., C with CI 2 in pres, of AlCls/NaCl/FeCL at 400-480° gives (279) a mixt. eontg. 
20% 1 , 1 -dichloroethylene (3:5005) -f 22% 1,2-dichloroethylene (3:5030) + 29% tri- 
chloroethylene (3:5170) + 29% higher chlorination prods.; C with CI 2 over suitable 
cat. at 300-500° gives (280) tetrachloroethylene (3:5460).] 

[On the other hand, C with CI 2 in ultra-violet light at 50° (281) (282), or 25° (283), or 
C with CI 2 4- suitable cat. at not above 60° (284), or C (as liquid) with CI 2 (285), or C 
with CI 2 in pres, of AlCla/NaCl/FeCls at 300-425° as directed (279), or C with SO 2 CI 2 + 
trace of dibenzoyl peroxide refluxed 2 hrs. in dark (286) gives (yields: 80% (284), 70% 
(283) (286), 50% (279)) 1 , 1 , 2 -trichloroethane (3:5330). — Furthermore, C with CI 2 as 
directed (287) (288) or CI 2 + AICI 3 at 70-80° (289) (327) gives 1 , 1 , 2 , 2 -tetrachloroethane 
(acetylene tetrachloride) (3:5750). — Finally C (in vapor phase) with CI 2 4- cat. (290) 
cf. (285) or C with CI 2 at elev. temp, and press. (291) yields hexachloroethane (3:4835).] 

Reaction of C with alkalies. C with alkalies or substances behaving as such may ac- 
cording to circumstances undergo either (or both) of two reactions: on the one hand C 
may lose HCl (1 mole) (dehydrohalogenation) yielding vinyl chloride (3:7010); on the 
other C may be hydrolyzed to ethylene glycol (1:6465). 

Dehydrohalogenation, C with aq. alk. at elev. temp, and press. (292) especially in pres, 
of tetramethylene glycol, etc. (293), or C with MeOH/alk. (294), or EtOH/alk. (53) (295), 
loses HCl giving (91-93% yield (53)) vinyl chloride (3*7010). — (For study of rate of 
reactn. of C with KOH in 95% EtOH at 90° and 100° (296) (297), with NaOEt or KOEt in 
95% EtOH or 48% EtOH at 90° (296) (297), or with MeOH/NaOMe at 17-19° (298) 
see indie, refs. — Note that C with ale. NaOEt at 100 ° under press, gives 90% yield (299) 
ethyl vinyl ether (1 : 7810).] 

Hydrolysis. C under appropriate conditions hydrolyzes to ethylene glycol (1:6465); 
for general articles from this viewpoint see (110) (214) (314). 

[For hydrolysis of C to ethylene glycol with aq. vapor over cat. at 550-850° (300), with 
aq. at 200° under press, in absence of any acid acceptor (301), or with aq. at 120° under 
press. (302) see indie, refs. cf. (110).] 

[For hydrolysis of C to ethylene glycol with aq. KOH at elevated temp, and press, see 
( 110 ). — For study of use of Na 2 C 03 and/or NaHCOa in aq. (214) (303) (304) (305) (306) 
or in 85% EtOH (307) cf . (214) see indie, refs. — For use of aq. CaCOs in pres, of NH 4 
salts (308) (309), or aq. BaCOa (310) at elev. temp, and press., see indie, refs. — For use 
of sodium formate in MeOH at 165° under press. (311) cf. (214), aq. 4" PbO in s.t. at 170° 
(312), or Fe 203 (?) (313) see indie, refs.] 

For use of hydrolysis with alk. followed by KMn 04 oxidn. of resultant ethylene ^ycol 
to oxalic acid as means of distinction between C and the isomeric 1 , 1 -dichloroethane 
(3; 5035) see (256). 
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Reaedon of C with alk. sulfides or polysulfides, etc. [C with aq. NaSH at 100® under 
press, gives (66% yield (316)) 1,2-diinercaptoethane (“ethylene dimercaptan [Beil. 

Ii-(244), l2-(529)].] 

V C with aq. (316) or boilg. ale. (317) Na^S yields l,4rdithiane [Beil. XIX-3, XIXi-(609)], 
cryst. from hot ale., m.p. 110-111® (318). 

[C with alk. or alk.-earth tetrasulfides yields elastothiomers (167) such as “ Thiokol A ” 
(168) (169) (170); for very important compact survey of this reactn. and field see (319); 
for lecture experiment illustrating prepn. of “ Thiokol A ** see (320).] 

Reaction of C with metals. [For studies of C from viewpoint of corrosion of metals see 
(321) (322) (323). — C on warming with K loses HCl yielding (295) vinyl chloride (3:7010) 
and H2; note, however, that C with Na or K or their alloys, or even with alkaline-earth 
metals, may (like many other polychloro cpds.) explode under certain conditions; for 
extensive studies of this behavior including sensitivity to mechanical shock see (324).] 

[C with Na in liq. NH3 loses both atoms of chlorine yielding (325) (326) ethylene -f 
NaCl; note that little, if any, (325) ethylenediamine is formed.] 

Reaction of C with various metal salts (of inorganic acids). [C with anhydrous AlCls 
at 46-55° loses 1 HCl yielding (53) polymerization prods, of vinyl chloride; at 80-85° the 
reactn. involves loss of 2 HCl yielding (327) some acetylene.] 

[C with anhydrous AlBra yields (328) ethylene dibromide (see also below under reactn. 
of C with organic cpds.).] 

C with boilg. cone. aq. KI gives a little ethylene (329) (dif. from ethylene dibromide 
which reacts quant.). 

[C with aq. ale. Na2S03 refluxed in Cu vessel gives (80-85% yield (330)) of the sodium 
salt of 2-chloroethanesulfonic acid-1. — For reactn. of C with boilg. aq./alc. Na2S203 
see (331).] 

C with ale. AgNOs reacts slowly (332); for study of rate sec (297). 

Reaction of C with misc. non-nltrogenous inorganic reagts. [C with air over CuO at 450° 
gives (333) phosgene (3:5000). — C with fumg. H2SO4 (65-80% SO3) with or without 
HgS04 yields (334) /3-chloroethyl chlorosulfonate -f- a little 6is-(j3-chlorocthyl) sulfate. — 
C with dry O2 in ultra-violet light yields (335) chloroacetic acid (3:1370).] 

Reaction of C with NH3 (for reactn. w4th amines see below). [C with cone. aq. NH3 
(336) (337) (338) (339) under press. (340) (341) (342) in pres, of cat. (343) (for use of glass- 
stoppered press, vessels see (344)), or C with dry NH3 under high press. (345), or C with 
liq. NH3 (346), yields ethylenediamine [Beil. IV-230, IVi-(398), IV2-(676)] always ac- 
companied by higher condens. prods, such as diethylenetriamine, triethylenetetramine, 
etc. — For rate of reactn. of C with NHa in 95% EtOH see (296).] 

Behavior of C with Organic Reactants 

Reactn. of C with aromatic hydrocarbons, aryl halides, or aromatic ethers. [C with 
aromatic hydrocarbons in the pres, of AICI3 leads to various elastoplastics (167) of the 
polyarylethylene type: e.g., for use in prepn. of AXF type plastics see (171) (172) (347) 
(348). — For analogous reactn. of C 4- AICI3 with various polychlorobenzenes (249), with 
xylene (350), with naphthalene (1:7200) (351), or with diphenyl ether (1:7125) (352) 
see indie, refs.] 

Reactn. of C with alcohols, mercaptans, or phenols. C with Na phenolate (271), or 
with aq. K phenolate refluxed 48 hrs. (353), gives (70-85% yield (353)) ethylene glycol 
diphenyl ether (1:7236), Ifts. from ale., m.p. 98°; note, however, that reactn. of only 1 of 
the 2 chlorine atoms may (354) lead to jS-chloroethyl phenyl ether (3:0166), m.p. 28°, 
b.p. 217-220° at 760 mm. (355); also that under certain conditions, e.g., C with ale. NaOH + 
p^nol in B.t. at 180-200® for 5 hrs. (356), gives 80% yield phenyl vinyl ether, b.p. 165- 
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156® <366). [For reactn. of C with aq. 2,4-dichlorophenol (3 ; 0660) or with 2,4,6-tri- 

chlorophenol (3:1673) at 73-98° for 24-66 hrs. giving respectively l,2-Ws-(2,4Klichloro- 
phenoxy)ethane, m.p. 132-133°, and l,2-5ts-(2,4,6-trichlorophenoxy)ethane, m.p. 167- 
167.6°, see <367).] 

[For reactn. of C with 50% NaOH -f- cellulose see (358). — C with MeOH over A1208 
at 280° loses HCl yielding (359) vinyl chloride (3:7010) -f MeCl (3:7005).! 

[For reactn. of “ heavy ” C, viz., C1CH2.C^®H2C1, with “ heavy ” benzyl mercaptan, 
viz., C6H6.CH2.S3^H, see (272).] 

Reaction of C with salts of organic acids. C with salts of acids yields the corresp. ethylene 
glycol esters; note, however, that reactn. of only 1 chlorine atom can lead to /5-chloroethyl 
esters and that loss of HCl and subsequent formn. of vinyl esters (or their polymers) can 
sometimes occur. 

[E.g., C with NaCN yields (360) succino(di)nitrile [Beil. 11-615, IIi-(265), Il2-(554)], 
m.p.*53-54“ (for rate of reactn. of C with ale. KCN see (296». — C with anhydrous alkali 
or alk.-earth acetate at 230° in glycol diacctate (361) or monoacetate (364), or in ale. at 
160-180° under press. (362), or in pres, of an amine salt as cat. at 175-225° (363), yields 
ethylene glycol diacetate (1:3511), b.p. 190 .] 

Reaction of C with misceUaneous non-nitrogenous org. cpds. [For reactn. of C + 
AlCla (in CCI4) with CO at 60-70° and 60-70 atm. press, yielding a mixt. of acid chlorides, 
ketones, etc., see (365). — For reactn. of C with CS2 + aq. KOH yielding ethylene glycol 
trithiocarbonate see (366).] 

[0 (0,5 mole) + ethylene dibromide (0.5 mole) -f AICI3 (0.015 mole) refluxed 2 hrs. 
(367) or stood at 25° for 35 hrs. (368) undergoes a redistribution reaction giving a prod, 
contg. 49.8 mole % l-bromo-2-chloroethane (ethylene chlorobromide) [Beil. 1-89, li-(28), 
12.(61)1, b.p. 107-108°, nf? - 1.4908 (369). — Similarly C (1 mole) + ethyl bromide 
(2 moles) + AlCls (3%) in steel bomb at 25° for 14 days gives a mixt. contg. five prods, 
in mole % as follows: C 9%, EtCl 34%, ethylene chlorobromide 18%, ethylene dibromide 
10%, and EtBr 29% (367).] 

[For reactn. of C with diethyl sodio-malonate leading to tetraethyl butane-1, 1,4,4- 
tetracarboxylate [Beil. 11-862, IIr(333), Il2-(702)] together with various other prods, see 
(370) (371 )•] 

Reactn. of C with amines. C with aniline (4 moles) boiled hr. yields (372) 
diphenyl-ethylenediamine (l,2-iis-(phcnylaminoethane)) [Beil. Xni-(282)1, 

m p 64° (373) (corresp. iis-acetyl dcriv. m.p. 158°), probably accompanied by some N,N'- 
diphenylpiperazine [BeU. XXIII-S, XXin,-(5)l, m.p. 164°. [For nitration of 1,2-Ws- 
(phenylaminocthane) see (372) (373); for nitration of JV.JV'-diphenylpiperasine see (374). — 
Note that C with NaNHCsHs (from anihne + NaNHj in dry ether) loses 2 HCl yielding 
(375) acetylene.] 

[C with 33% abs. ale. MesN stood 10 days gives (22.5% yield (376)) the corresp. mono- 
quaternary salt, ^hloroethyl-trimethyl-ammonium chloride (“choline dichloride ”); 
for study of rate of reactn. of C with MesN in 90% acetone at 55° see (377). — For studies 
of rate of reactn. of C with other amines, e.g., with benzylamine (296) (297), piperidine 
(296) (297) (298), pyridine (298) (378), see indie, refs.] 


COLOR REACTIONS OF 0 

With Weber reagent. C (2 drops) with 2% soln. of phenolphthalein in cyclohexanol 
(2 ml.) + trace solid NaOH htd. 5 min. at 190-200° (preferably in bath as directed (379)), 
then ^ed and acidified with AcOH (1 ml.) gives lilac color. [Note that acetylene tetr*. 
(3:5750) with this reagt. gives a somewhat similar result.] 
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Comment on NH 4 OH/CUCI reagt. Note that C with NH 4 OH/CUCI does not <380) give 
any color (dif. from 1,1-dichloroethane (ethylidene (di)chloride) (3:5035) which in 10 
min. gives cloudy amethyst coloration (380)). 

Comment on Fehling’s soln. Note that C does not reduce Fehling’s soln. even on htg. 
(dif. from ethylidene (di)chloride (3:5035)). 

® 1,2-Diphenozyethane (ethylene glycol diphenyl ether) (1:7235). Lfts. from ale., 
m.p. 98®. [From C with aq. K phenolate refluxed 48 hrs. (70-85% yield (353)); note, 
however, that if only one of the two chlorine atoms reacts some /3-chloroethyl phenyl 
ether, m.p. 28®, b.p. 217-220® at 760 mm. (355), may be formed.] 

1,2-Di-a-naphthozyethane (ethylene glycol di-a-naphthyl ether) [Beil. VI-607]. 

Lfts. from ale., m.p. 127.5® (381). [From C + a-naphthol + aq. NaOH at 120® in 
s.t. for 8 hrs. (381). — Note that the half reactn. prod., jS-chloroethyl a-naphthyl 
ether, has m.p. 28® (355).] 

l,2-Di-/3-naphthoxy ethane (ethylene glycol di-/3-naphthyl ether) [Beil. VI-6421. 

Lfts. from CeHe, m.p. 217® (381). [IVom C -j- /9-naphthol -f aq. NaOH at 120® in 
s.t. for 8 hrs. (381). — Note that the half reactn. prod., /3-chloroethyl jS-naphthyl 
ether, has m.p. 83® (355).] 

Ethylene 1,2-bis- (isothiourea picrate): ndls. from ale., m.p. 260® (382), 259® (332). 
[From C with thiourea refluxed in ale. and subsequently treated with PkOH (332).] 
1,2-Diphthalimldoethane (ethylene diphthalimide) [Beil. XXI-492, XXIi-(384)]. 
Ndls. from AcOH, dil. AcOH or ale., m.p. 236® (3S;i), 232-233® (384), 232® (385). 
[From C + K phthalimide (2 moles) in s.t. at 200® (386); note that C in very large 
exeess with K phthalimide in s.t. at 180-190® for 3 hrs. gives (387) the half reactn. 
prod., iV-(/3-chloroethyl) phthalimide, cryst. from CS 2 or ale., m.p. 81° (388), 79-81® 
(387) (389).] 

1,2-Disaccharinoethane: m.p. 253-254® (392). [Not reported from C itself, but 

obtd. (20% yield) from ethylene (di)bromide with sodium saccharin in aq. butyl- 
carbitol (1 : 6517) contg. KI on refluxing for 3 hrs.; note that with shorter reflux (1 hr.) 
some half reactn. prod., viz., iV-(/3-bromoethyl)saccharin, m.p. 99°, is formed (392).] 
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3 : 5140 3,3-DICHLOROPROP£N£-l 

( 1 , l-Dichloropropene-2 ; 
aUylidene (di)chloride; 

“ acrolein dichloride ”) 


CH2==CH- 


C1 

k 


C3H4a2 


Beil. I - 199 

11- 

12 — 


B.P. 84.4° cor. (1) 
8S° <5} 


= 1.170 <1) 

= 1.169 <2) nS = 1.450 {2) 


[See also IjZ-dichloropropeneA (3:5280).] 

Note that C represents the synionic mesomer of 1,3-dichloropropene-l (3:6280); reac- 
tions of either mesomer may under certain conditions lead to derivatives of the other; 
however, in practice the tendency appears to be strongly in the direction of 1,3-dichloro- 
propene-1 (3:6280) so that most of the known reactions of C yield the same products 
as does the mesomer; the rate of reaction, however, is generally very much slower with C. 
[For prepn. of C from acrolein (1:0115) with PCU (16% yield C accompanied by 32% 

1.3- diclioropropene-l and some 1,1,3-trichloropropane (3:6660) (3)) (1) (4), or from 

1.1.3- trichloropropane (3:5660) with ale. KOH (5) (other products are also formed), see 
indie, refs.] 

[C with CI 2 adds 1 mole halogen giving (4) 1,1,2,3-tetrachloropropane (3:6036), b.p. 
ITO-ISO** at 766.6 xnm. (4).] 
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[C with cone. HCl in s.t. at 100® for 10 hrs. (4) isomerizes to 1,3-dichloropropene-l 
(3:5280).] 

[C with NaOEt reacts much more slowly than its mesomer; however, after 15 hrs. re- 
fluxing with large excess NaOEt, C gives l-chloro-3-ethoxypropene (Beil. 1-439], b.p. 
126-127®, D^l — 1.018, v}! = 1.438 (3), i.e., the same product as from the mesomer.] 

[C with Na phenolate in abs. ale. refluxed for 4 hrs. gives (3) a)-chloroallyl phenyl ether, 
the same prod, as correspondingly obtd. in hr. from the mesomer, q.v.] 

[C with Et 2 NH in dry ether for 20 days gives (3) only a slight ppt. of diethylamine 
hydrochloride and but very small yield of i\r,iNr-diethyl- 7 -chloroallylamme (cf. the mesomer). 

[C with NaOAc (3), CaBr 2 (3), Cal 2 (3) cf. (6), or C 6 H 5 MgBr (3) gives more slowly 
and in poor yields the same products as are formed readily from the mesomeric 1,3-di- 
chloropropene-l (3:5280), q.v.] 

3:5140 (1) Htibner, Geuther, Ann. 114, 36-43 (1860). (2) Kirrmann, Grard, Compi. rend. 190, 

876-878 (1930); Cent. 1930, II 29; C.A. 24, 3750 (1930); soc. chim. (4) 47, 834-847 (1930). 
(3) Kirrmann, Pacaud, Dosque, Bull. soc. chim. (5) 1, 860-871 (1934). (4) van Komburgh, 

Bull. soc. chim. (2) 30, 549-657 (1881). (5) van Rombnrgh, Bull. soc. chim. (2) 37, 98-103 

(1882). (6) van Romburgh, Rec. trav. chim. 1, 234-237 (1882). 

3:5150 1,2-DICHLOROPROPENE-l CHg— C=CH C3H4CI2 

(high-boilg. stereoisomer) 

B.P. 84-86® (1) 

I<Sce also the lower-boilg. stereoisomer (3:5110).] 

[For prepn. of C from a^i3,/3-trichloro-n-butyric acid (3 * 0925) by soln. in aq. Na^COs and 
subsequent decompn. to C (65% yield) by protracted boilg. see (I).] 

C with CI 2 adds 1 mole halogen giving (1) 1,1,2,2-tetrachloropropane (3:5825), b.p. 
153-154® (1). 

3:5150 <1) Szenic, Taggesell, Ber. 28, 2667-2668 (1895). 


Beil. I - 199 

hr- 


3 : 5160 a-CHLOROPROPIONALDEHYDE 

CH 


H 



CaHjOa 

HO 


BeU. 1-632 

11- (334) 

12 — 


fi.P. 86° (1) = 1.182 (1) nU = 1.431 (1) 

Oil, spar. sol. aq.; misc. with ether, AcOH, or CeHe- — C with aq. yields a hydrate, 
b.p^ 80.5-81® (2). 

C polymerizes in air to a white solid which upon htg. at 170-200® regenerates C <2). 

[For prepn. from n-propyl ale. (1 : 6150) by actn. of CI 2 at 45-50° in presence of catalysts 
such as AICI3, Cr02Cl2, or Mg turnings see (3); for formn. (together with other products) 
from propylene oxide (1:6115) + S 2 CI 2 see (4); for other modes of formn. see Beil. 1-632 
and Ii-(334).] 

C on oxidn. with excess alk. KMn 04 yields acetic acid ac. (1:1010) (1) (2). — C reduces 
NH40H/AgN08 in the cold and Fehling’s soln. on htg. — C gives positive fuchsin aid. 
test and yields a NaHSOa cpd. (1). 


8:5160 (1) Brochet, Ann. chim. (7) 10, 341-344 (1897). (2) Oddo, Gusmano, Gazz. chim. iud. 

41, II 232-234 (1911). <3) Bowman, Proc. S Dakota Acad. Sci. 19, 112-114 (1939) ; C.A. 84, 2786 
(1940). (4) Malinovski, /. Oen. Chem. {U.S.S.R.) 9, 832-839 (1939); C.A. 84, 375 (1940). 
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3:5170 1,1,2-TRICHLOROETHYLENE HC==C— Cl C 2 HCI 3 BeU. 1-187 





k k 


Il-( 

78) 




Cl Cl 


l2-(150) 

B.P. 


F.P. 





87.55° at 766 mm. 

( 1 ) 

[-VS” (14)1 

= 1.4597 (9) 

^25 

= 1.4759 

(18) 

88 ° at 760 mm. 

( 2 ) 

-83° (12) 

1.4542 (5) 


1.47488 

( 10 ) 

87.0-87.3° 







at 763 mm. 

(3) 

-86.4° (15) 

1.4540 (17) 


1.47458 

(19) 

87.0-87.2° 







at 760 mm. 

(4) 

-86.9° (16) 

1.454 (10) 


1.4744 

( 8 ) 

87.15° at 760 mm. 

(5) 

- 88 ° (9) 



1.4742 

( 8 ) 

86.95° at 760 mm. 

( 6 ) 






(7) (15) 


I^® = 1.477 (2) 

•*20 

no 

= 1.47820 

( 20 ) 

86.9° 

( 8 ) 


1.4679 (9) 


1.47758 

(4) 

86.7° at 760 mm. 

(9) 


1.4655 (4) 


1.4775 

( 21 ) 

86.60° at 768 mm. 

( 10 ) 


1.4649 (12) 




86.0-87.5° 







at 760 mm. 

( 11 ) 






85.8-86.0° 







at 741.6 mm. 

( 12 ) 



„i9e 

^ = 1.4777 

(9) 

85.9-86.0° 

(32) 






83° at 680 mm. 

(13) 



„18 

- 1.4745 

( 22 ) 

77 . 0 ° at 662 mm. 

(5) 






65.0° at 386 mm. 

(5) 



Hd 

« 1.47914 

( 1 ) 

51.0° at 234 mm. 

(5) 






45.0° at 183 mm. 

(5) 


Di* = 1.4763 (9) 




44.15° at 177 mm. 

(5) 


1.4695 (12) 




38.20° at 139 mm. 

(5) 






30.0° at 92 mm. 

(5) 

Note 2. For D 4 over range 17.6° 

-75° 

see (5). 



25.0° at 73 mm. 


<5) 


Note 1. For vap. press, over range 0®-86.7® see (9). 

Colorless mobile liquid with sweetish odor suggesting chloroform. — C as such is not 
inflammable (sec below). 


MISCELLANEOUS PHYSICAL PROPERTIES 

Various solubility relationships. C is pract. insol. aq. and eas. volatile with steam: 
soly. of C in aq. at 16® = 0.081 wt. % (23), at 18° = 0.025 wt. % (23), 0.18 ml. in 100 
ml. aq. (24). — Soly. of aq. in C at --30° = 0.0025 wt. %, at —20° = 0.0050 wt. %, at 
-8° = 0.0075 wt. %, at 0° = 0.0100 wt. %, at 6° = 0.0125 wt. %, at 10° = 0.0170 wt. %, 
at 20° * 0.0250 wt. %, at 25° = 0.0325 wt. % (9). 

[For data on soly. in C of 248 org. cpds. see (25); for solv. actn. of C on various dyes 
(in connection with use of C as dry cleaning fluid) see (26) (see also below under uses of C).] 
[For soly. of I 2 in C over range 11-25° see (27); for use of such solns. in detn. of I 2 No. 
of oils and fats see (28). — For distrib. of I 2 between C and aq. at 25° see (30) cf. (31).] 
[For soly. in C at 20° of HCl or H 2 S at 1 atm. see (32).] 

[For absorption of vapors of C by kerosene see (33).] 

Effect of C on explosive range of various gases. Air satd. with C at 14° conts. 5.7 vol. 

(?) % e (34). 

[Vapor of C does not form inflammable mixts. with an at ord. temp, and press.; below 
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25.5° C has insufficient vap. press, to produce infiam. mixts. at total press, of 1 atm. or above 
even in mixts. contg. high concns. of O 2 . — At high temps, vapor of C is inflammable in 
air, igniting at 463°; in oxygen at 419° <18). — Limits of inflammability of mixts. of C 
with O 2 are 10.30-64.5 vol. % C {36); for study of limits of inflam, of system C/O 2 /N 2 
see (18) (35).] 

[For study of influence of vapors of C upon explosive regions of mixts. of air with hydrogen 
(36) (37), with acetylene (36), with methane (38) (39) (36) (40) (41) (42), or with carbon 
monoxide (34) (36) (43) see indie, refs.] 

Adsorption of C by various materials. [For study of adsorption of C on charcoal at 
20° (44) and use in detn. of C (45) see indie, refs.; on Mn02 see (46); on dehydrated Al(OH)8 
gel at 10-40° and desorption at 90-150° as means of recovery of C see (47).] 

Other physical properties. [For study of evapn. rate of C see (48) ; for study of thermal 
conductivity of C see (11).] 

Binary systems contg. C (see also below under azeotropes). C + MeOH {1:6 120) i 
for diag. of b.p./vapor-liq. compn., D/compn., and n/compn. see (49). — ^ + EtOH 
{1:6130): for diag. of b.p./vap.-liq. compn., D/compn., and n/compn. see (49). — € 
+ acetone {1:6400): for data on Z> 4 ®/compn. and no /compn. see (10). 

C + nicotine: for study of distrib. of nicotine between C and aq. at 17° see (23). 

C ■\-CHClz {3:6060): for f.p./compn. diag., eutectic, f.p. —100.2°, contg. 68.6 wt. % 
C see (16). — C + pentachloroetkane {3:6880): for D^Vcompn. data see (17) cf. (50). 

Ternary systems contg. C (see also below under azeotropes). C MeOH {1:6120) 
+ EtOH {1 : 6130): for /)/compn. and n/compn. diags. see (496). — C + EiOH {1 :6130) 
+ H2O: for soly./compn. diagram in wt. % at 25° and no /compn. diagram in wt. % see 
(8) cf. (51). 

Azeotropic systems contg. C. Binary azeotropes, C + H^O: gives a two-phase const,- 
boilg. mixt. (heteroazeotrope), b.p. 73°, contg. 65 mole % C (8). 

C + MeOH {1:6120): forms a const,-boilg. mixt., b.p. 60.2° at 760 mm., D% — 1.1643 
(52a) contg. 64 wt. % C (52a) = 30 mole % C (52a) = 51 vol % C (53). — (? + EtOH 
{1 :6130): forms a const.-boilg. mixt., b.p. 70.9° at 760 mm., D% — 1.212, contg. 73 wt. % 
C = abt. 48.7 mole % C (526) cf. (53) (54). — 0 + n-propyl ale. {1 :6160): forms a const.- 
boilg. mixt., b.p. 81.75° at 760 mm., D% = 1.3283, contg. 83 wt. % C = 69 mole % C 
(52c). — C isopropyl ale. {1 :6135): forms a const.-boilg. mixt., b.p. 75.5° (7), abt. 74° 
at 760 mm. (52d), 0% = 1.22, contg, abt. 72 wt. % C (70 wt. % C (7)) = 54 mole % C 
(52d). — G -{-n-butyl ale. {1:6180): gives a const.-boilg. mixt., b.p. 86.85° at 760 mm., 
contg. 97.5 wt. % C (55). — C isobutyl ale. 0 :6166): forms const.-boilg. mixt., b.p. 
85.4° at 760 mm., D% - 1.396, contg. 91 wt. % C - 86 mole % C (52e). — G 4- ter-bniyl 
ale. {1:6140): forms const.-boilg. mixt. b.p. 75.8° (6), 75° (52/) at 760 mm., D\ — 1.326 
(52/), contg. 67 wt. % C (6) (84 wt. % C (52/) = 74 mole % C (52/)). — G ter~amyl ale. 
{1:6160): forms const.-boilg. mixt., b.p. 84.5° (6), 84° (52g), DJ ~ 1.372 (52p), contg. 
86 wt. % C (6) (88 wt. % C = 83 mole % C (52^)). — C + aUyl aZc. {1 : 6I46) : forms const.- 
boilg. mixt., b.p. 80.95° at 760 mm., D® = 1.335, contg. 84 wt. % C = 70 mole % C (52/t). 

G A cOH {1010): forms const.-boilg. mixt., b.p. 86.5° at 760 mm., contg. 96.2 wt. 

%C(6). 

G -4- l,2^dichloroethane {ethylene dichloride) {3:6130): forms a const.-boilg. mixt., b.p. 
82.9° at 760 mm., contg. abt. 18 wt. % C (6). 

Ternary azeotropes. G EtOH {1 : 6130)^ + H 2 O: forms a ternary heteroazeotrope, 
b.p. 67.25° at 760 mm., contg. 38.4 mole % C -f- 41.2 mole % EtOH -f 20.4 mole % H 2 O 
(56a): note that this azeotrope cents. 69.4 vol % C + 23.8 vol. % EtOH + 6.8 vol % 
H 2 O (53), and that upon condensation at 15° it separates into two layers, the upper having 
the composition 0.8 vol. % C -h 7.2 vol. % EtOH + 5 vol. % H 2 O (total upper Layer =* 13 
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vol. %), the lower having the composition 68.6 vol. % C + 16.6 vol. % EtOH + 1.8 vol. 
% H2O (total lower layer = 87%) (53). — For further discussion and data see also (8) 
(49). 

C ale. (1:6150) + H2O; forms a ternary heteroazeotrope, b.p. 71.66® at 

760 mm., contg. 51.1 mole % C + 16.6 mole % n-propyl ale. + 32.3 mole % H2O (666). 

C + allyl ale. (1 :6145) + H 2 O: forms a ternary heteroazeotrope, b.p. 71.4® at 760 mm., 
oontg. 49.2 mole % C + 17.3 mole % allyl ale. -f 33.5 mole % H2O (56c). 

USES OF C 

Most of the utility of C in industry depends upon its physical properties especially as 
a solvent; these applications include the dehydration of alcohols and acids, degreasing of 
Inetal, wool, and leather, dry cleaning of fabrics, extracting of oils from seeds, etc. ; dewaxing 
of mineral lubricating oils, use as fumigant and insecticide, refrigerant, etc. (For an 
excellent brief survey of these uses see (57) (58); for further and more recent examples 
see below.] 

Use in dehydration of alcohols. [For use of C in dehydration of EtOH (or MeOH) by 
azeotropic distn. (Drawinol process) see (8) (49) (53) (59) (60) (61) (62); for patents on 
this method see (63). — For use of C in denaturing ale. see (64).] 

Use in dehydration of acids. [For use of C in conen. of AcOH (1:1010) see patents 
(65) (66). — For sepn. of AcOH (1:1010) from formic acid (1:1005) by distn. of mixt. 
with C, the condensate sepg. into an upper layer of an azeotropic mixt. of C 4- formic acid, 
the lower layer being C see (67).] 

Use of 0 for degreasing of metal. [For patents on use as metal degreaser of mixts. of 
0 + an ale. 4- soap (68), 0 4* oleic acid (69), C 4- ethylene dichloride (3:6130) (70) (71), 
or C (72) (73) see indie, refs. — For use of C + rosin + boiled linseed oil in cleaning and 
leaving coating preparatory to etching see (74). — Because of great toxicity of C (see below) 
special attention (75) must be given to ventilation of degreasers using it.] 

Use of C in dry cleaning of fabrics. Because of its solvent power supported by its 
low b.p. and non-inflammability C is widely used as dry cleaner^s solvent [for general 
articles from this viewpoint see (76) (77) (78); for patent see (79); for solv. actn. of C on 
dyes see (26)]. 

Use of C in extraction of .fats and oils. [For use of C as solv. for extraction see (81) 
(82) (83). — For use of C for extraction of soybean oil (84) including wf) and D in g/cc. 
at 77®, 100®, and 122® F. (19) see indie, refs. — For study of losses of C in extn. of fats see 
(85).] 

[For use of C in detn. of fats in foods (butter, margarine, etc.) see (86) (87).] 

[For use of 0 in detn. of aq. in fats and oils see (88); cf. use of acetylene tetrachloride 
(3:6760) for this purpose.] 

Use of C in dewaxing of mineral lubricating oils. [For articles including use of C for 
this purpe^ see (89) (90); for patents see (91).] 

Use of C as fumigant, insecticide, etc. [For comparative tests of C see (92); for patents 
on such use of C (93) or mixts. contg. C (94) see indie, refs.] 

Use of C as component of refrigerating liquids. [For use of C with dichlbroethylene 
(3:5030) see (95) cf. (96); for use of C or its mixts. in low-temp, cryostats see (16).] 

Miscellaneous uses of C. [For use of 0 with MeBr (97) or with CCI4 (98) as fire 
extinguishing compn. see indie, refs.; for use of_C as boiler or radiator cleaner (99) or as 
rust-retarder (100) see indie, refs.; for use of C as weed-killer see (101); for addition to 
liq. HCN to diminish infiammability see (102); in prepn. of starch see (103); in recrystn. 
of T.N.T. see (104); for use as polv. in ebullioscopy (K = 44.3 per 100 g. solv.) see (106); 
to replace xylene in histological technique see (106) (107) (108).] 
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PHYSIOLOGICAL BEHAVIOR OF C 

C is one of the more toxic of the group of chlorinated solvents; it is absorbable into the 
body not only by inhalation but also through the skin (109). — Although fuU detailed 
treatment of this aspect of C is beyond the scope of this work, yet the following citations 
will be found useful as lead references for further information. 

Toxicity of C. [For important surveys of physiological properties (110), toxicity (111), 
comparative toxicity of C and CCI 4 (112) see indie, refs.) 

[For studies of liver injury by C (113), of anemia from C (114), of American cases since 
1932 of industrial poisoning by C (115), or role of impurities in toxicity of C (116), of 
industrial hazards of C (117) (118) (119), of relation between toxicity and b.p. (120) see 
indie, refs. — For other studies of toxicity or of poisoning by C see (121)-(130), incl.J 

C as narcotic, anesthetic, analgesic, etc. [0 has very important use in treatment of 
trigeminal neuralgia (131) (132) (133); for toxic effects of C after long use as antineuralgic 
see (134); for chem. exam, of C for medical use see (21).] 

[For use of C as anesthetic see (135) (136) (137); for use of C in treatment of migraine 
see (138); for effect on pain threshold see (139); for neural depressing effect (140) and 
narcotic actn. of C (141) (142) (143) (144) see indie, refs.) 

[For studies of antiseptic and disinfectant actn. of C see (145) (146) (147) (148) (149) 
(150) (24).] 

Miscellaneous related topics. [From dogs after inhalation anesthesia with C from 
5-8% of initial C is excreted (151) as trichloroacetic acid (3:1150). — For study of anthel~ 
mintic actn. of C see (152). — For actn. of C on ale. fermentation see (153).] 

DETERMINATION OF C 

By physical methods. For detn. of C (as vapor) by use of the R -|- H “ Tri-Per- 
Analyzer (a recording ultra-violet photometer (154)) see (155); this instrument will 
measure C in conens. of 10-2000 p.p.m. and is insensitive to methyl chloride (3:7005), 
methylene (di)chloride (3:5020), CHCI 3 (3:5050), CCI 4 (3:5100), vinyl chloride (3:7010), 
ethylene (di)cliloride (3:5130), acetylene tetrachloride (3:5750), and to many (but not 
all) common non-chlormated solvents such as methyl, ethyl, and amyl alcohols, ethyl 
acetate, etc.; for details see (155). — For detn. of C in air by adsorption on charcoal see 
(45). 

By chemical methods. Those involving decomposition of C and subsequent detn, of resuUogni 
chloride ion. One class of these methods involves pyrolytic decomposition of C by ap- 
propriate htg. (156) (157) cf. (158) (159) cf. (127); note that C with air at 9(X)-1000® gives 
exclusively CO 2 + HCl, provided that conen. of C is not more than 12 mg. per liter; above 
this amt. from 2-20% of the total carbon and chlorine are converted to CO + CI 2 , but 
COCI 2 (3:5000) is not found up to conens. of 100 mg. C per liter (159). — For variation 
of the pyrolytic method involving burning of C (or solns. of C) in a lamp see (160) (161) 
(162) (163) (164). 

A second class involves decomposition of C by chem. means, e.g., by use of Na + ethanol- 
amine in dioxane (165) (166), or by complete hydrolysis of C with excess aq. 25% KOH 
in s.t. at 150°_for 1 hr. (167). 

Note that C on oxidn. with Cr08/H2S04 as directed (168) gives quant. 002. ^ 

Detn. of C by conversion to mercuric trichloroethylenide Hg {CCl = CChh^ C with aq. 
KOH soln. of Hg(CN )2 on shaking 24 hrs. at room temp. ppts. (169) Hg(CCl*CCl 2)2 
(for amplification see below under behavior of G vnth inorganic reads.). — For use of this 
method in detn. of C even in pres, of methylene (di)chloride (3:5020), CHCU (3:5060), 
CCI 4 (3:6100), 1,2-dichloroethylene (3:6030), or tetrachloroethylene (3:5460) see (169). 
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Deln, of C colorimetrically by use of Fujiwara reaction with pyridine + alkali. C with 
pyridine + aq. alk. gives on short warming a red coloration (similar to but recogmzably 
different from the red-violet color obtd. with CHCls) which on further warming changes 
to orange; for use of this color in detn. of C in air (accuracy =fcll% except that at concns. 
of C as low as 20 p.p.m. error may be as much as 50%) see (170) cf. (Ill) (127); for use 
in detn. of C in animal tissue see (171); for table of sensitivity of this test under compar* 
able conditions from C as compared with CHCI 3 (3:5060), CCI 4 (3:5100), 1,1,2-trichloro- 
ethane (3:5320), 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (3:5760), and tetra- 
chloroethylene (3:5460) see (151). 

PREPARATION OF C 

The principal method of preparation or manufacture of C is from 1,1,2,2-tetrachloro- 
ethane (acetylene tetrachloride) (3:6750) by elimination of 1 HCl (see below), but it is 
formed as a by-product from various other reactions (see below). — [For general reviews 
of prepn. of C and its relationships with other “ chlorinated solvents " see (31) (172).] 
^om 1,1,2,2‘tetrachloroethane (acetylene tetrachloride) (3:6760). By pyrolytic 
loss of HCl (jdehydrochlorination). [For prepn. of C from acetylene tetrachloride in s.t. at 
300® for 15 hrs. (173), over pumice at 700® (174) or 400-500° (175), over pumice -f cat. at 
500® (176), over pumice contg. Cu3(P04)2 at 450-500° (177), over ThOj below 390® (178), 
over BaCL at 300® (179), over bone char at 300-310° (180), over activated carbon at 
20(K300° (181), 260® (182), or 500° (176) see indie, refs. — Note claim (183) that formn. 
of C by dehydrochlorination of acetylene tetrachloride over charcoal at 250-300° is not 
effective and yield of C diminishes with increase of temp.) 

By pyrolytic loss of HCl in pres, of an org. acceptor. [For prepn. of C from acetylene 
tetrachloride (3:5750) or pentachloroethane (3:6880) or 1,1,1,2-tetrachloroethane (3:5555) 
with acetylene over cat. at 250° (181) cf. (184) or with MeOH over AI2O3 at 280° (185) 
see indie, refs.] 

By loss of HCl in pres, of an inorganic acceptor. [For prepn. of C from acetylene tetra- 
chloride (3:5750) by htg. with aq. alk. or alk. carbonates (186) in pres, of tetraethylene 
glycol, etc., as promoter (187), or with aq. Ca(OH )2 or alk. carbonates (186) (188) (192) 
(193) (for test of Ger. 171,900 (186) see (190) (191)), or with ale. KOH (194) (195) cf. 
(173), or with ale. NaOEt (194) see indie, refs.] 

[For prepn. of C from acetylene tetrachloride (3:5750) by elimination of 1 HCl with 
excess NHs gas in pres, of aq. at 60-70° (196), with cone. aq. NH4OH at 160-170° (196) 
(191) (for test of Ger. 351,463 (196) see (191)), with liq. NH3 at -40® (13) (197), or by 
refluxing with dry pyridine (198), or by action of CeHsMgBr (199) see indie, refs.] 

Note on impurities in C. Note that tech. C obtained from 1,1,2,2-tetrachloroethane 
(acetylene tetrachloride) (3:5750) by elimination of HCl often contains in its bigh-boilg. 
fractions (*' Tri-Nachlauf ” and ** Tetra-Nachlauf *’) other chlorinated materials such as 

1.1.2.3.4.4- hexachlorobutane (3:3155), l,l,2,3,4,4-hexachlorobutene-2 (3:1945), solid 

1.2.3.4- tetrachlorobutadiene-l,3 (3:0870), liq. l,2,3,4-tetrachlorobutadiene-l,3 (3:6150), 
and hexachloroethane (3 : 4835), (207). — [For use of these “ Nachlaufe ” as insecticides 
and weed-killers see (268).] 

From other halogenated ethanes. [For formn. of C from 1,2-dichloroethane (ethylene 
dichloride) (3:5130) as by-product (29% yield) of action of CI 2 in pres, of AlCla/NaCl/FeCls 
at 400-480° (200), or as by-product of actn. of CI 2 in u.v. light (201), see indie, refs.] 

[For formn. of C from l-bromo-l,l,2-trichloroethane by elimination of HBr with hot 
ale. Na phenolate (60% yield) see (245).] 

[For formn. of C from pentachloroethane (3:5880) with acetylene over cat. at 250® 
(181), or with H 2 over Ni at 270° (22) (note that C resists further hydrogenation; also 
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that pentachloroethane over NiCla without H2 yields <22) tetrMhloroethylene (3:5460)), 
or by actn. of MeMgl (203) see indie, refs. — For formn. of C from l,l,2-trichloro-l,2- 
dibromoethane with H2 over NI at 300® or without H2 over BaCb at 400® see <202).] 

From miscellaneous sources. C is formed as a by-product of actn. of acetylene with 
CI2 but no citations will be given here [for formn. of C from chloral (3:5210) with P2S5 
at 160-170® <204) or from di- or tn-thioparachloral on dry distn. <205), or from 2-(tri- 
chloroacryloyl)-3-sulfamidobenzoic acid by alk. hydrolytic cleavage <206), see indie, refs.]. 

CHEMICAL BEHAVIOR OF C 

Pyrolysis of C. [C passed over pumice at 700® decomposes yielding <174) methylene 
(di)chloride (3:5020), CHCI3 (3:5050), CCI4 (3:5100), 1,1,1,2-tetrachloroethane (3:5555), 
pentachloroethane (3:5880), hexachloroethane (3:4835), 1,2-dichloroethylene (3:5030), 
tetrachloroethylene (3:5460), pentachlorobenzene (3:2290), hexachlorobenzene (3:4939), 
and other prods.] 

Hydrogenation. [C resists hydrogenation even with H2 over Ni at 270® (22). — Note, 
however, that C with HI in sunlight for 2 weeks in absence of air at room temp, is partially 
(25% <245)) reduced to 1,1,2-trichloroethane (3:5330).] 

Oxidation. C on total oxidation with Cr03/H2S04 as directed (168) gives quant. CO2. 
— 0 over chlorinated CuO at 450® gives CO2 + H2O accompanied (209) by some phosgene 
(3:5000). 

[C with O2 in ultra-violet light (210) (198) (211) or in pres, of cat. (e.g., Br2, 12, H2SO4, 
HNO3, etc.) <212) <213) (214) yields dichloroacetyl chloride (3:5290). — Note that C in 
absence of O2 is not decomposed either by direct or diffused sunlight (9).] 

[For study of auto-oxidn. of C see (215); for study of acidity developed from C with 
air or oxygen over range —23® to 150® see <9).] 

[C with O3 gives (215) a very unstable ozonide which decomposes into phosgene (3:5000), 
CO, HCl, and oxides of chlorine.] 

Stabilization. Since in the presence of O2 (air) C has a definite tendency toward oxida- 
tion (see above), much study has been given to the problem of its stabilization by addn. 
of small amts, of other materials. — [For general study of the stability of C under a wide 
variety of conditions see (9); for study of method of testing stability and the efficacy of 
various stabilizers see (216); for use of 2-3% of EtOH (1:6130) or of cyclohexane (1:8405) 
as stabilizers see (217).] 

For stabilization of C a wide variety of compds. have been recommended in the patent 
literature [e.g., for use of 0.01% or less of hydroquinone monomethyl ether (1:14^) or 
hydroquinone monobenzyl ether (1 : 1539) see (218); for use of 0.1% or less of p-ter-butyl- 
phenol (1 : 1510) or p-fer-amylphenol (1 : 1495) see (219) ; for use of 0.001% n-hexylresorcinol 
(1:1465) see (220); for use of oil-sol. azo dyes contg. phenolic groups see (221); for use 
of various phenols, amines, and aminophenols see (222) (235); for use of very small amts, 
ale. NH3 see (223); for use of trimethylamine (228) di-isopropylamine (224), triethylamine 
(225) (226), or other alkylamines (226), various nitrogenous cpds. such as dialkylated 
cyanamides, allylthiourea, hexamethylenetetramine, propionitrile, etc. (227), pyridine 
(228), caffeine (229), see indie, refs.]. 

[For stabilization of C with mercaptans, e.g., w-butyl mercaptan (230), with amylene 
(231) cf. (222), with gasoline (232), with alk. oleate (233), with fatty acids or soaps (234) 
see indie, refs.] 

Polymerization. C under certain conditions reacts with itself forming dimeric, trimeric, 
and prob. polymeric products [e.g., C in glass, porcelain, or enameled vessels at 180-210® 
under press. (236) and in pres, of small amts, of various antioxidants (237) gives a dimer, 
a hexachlorobutene (b.p. 200® at 710 mm.) of undetermined structure, accompanied by 
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higher polymers and by hexachlorobenzene (3:4939); C at elev. temp, and press, or under 
reflux in pres, of peroxides (such as BZ2O2) gives <238) (239) mainly dimer, accompanied 
by some trimer and poljrmer; C with AlCb gives on refluxing (240) a mixt. of resinous 
polymers suitable (especially in mixts. with trichlorobenzene) for use as electric-insulating 
material]. 

[For copolymerization of C with various dienes (such as chloroprene (3:7080), etc.) 
see <241).] 

Reaction with halogens. Behavior with fluorine. [C with F2 at 0® for 10 hrs. gives 
<242) by addition l,2-difluoro-l,2,2-trichloroethane, b.p. 72.3-72.6°, * 1.5555, 

nf? « 1.3967, accompanied by other prods, such as l-fluoro-l,2-dichloroethylene, and 
a hexachlorobutene (3:9050), m.p. 9.5-11.0° b.p. 125.5° at 25 mm., £>4® = 1.6880, nf? * 
1.5442, which, however, is not l,l,2,3,4,4-hexachlorobutene-2 (3:1945), etc.] 

Behavior with chlorine. C under appropriate circumstances adds 1 mole CI2 giving 
pentachloroethane (3:5880) [e.g., for study of addn. of CI2 at 80°, 95°, and 115° in Ught 
of 4360 A see <243), note, however, that reaction may go further and that C with CI2 over 
activated charcoal at 60-70° either in light or in dark gives (98% yield <244)) hexachloro- 
ethane (3:4835)]. 

Behavior with bromine. C readily adds 1 mole Br2 <245) (even when used as Br2 aq. 
<202)) yielding l,2-dibromo-l,l,2-trichloroethane, b.p. 204° dec. at 760 mm. <245), 125— 
126° at 85 mm. <202), 116.5° at 50 mm. <246), nf)® = 1.5710 <245). [For study of rate of 
addn. to C of Br2 in CCI4 see <246).] 

Behavior with iodine or thiocyanogen. C does not add I2 (Wijs method) or (SCN)2 
(Kaufmann method) <167). 

Behavior with halogen hydrides. Reactn. of G with dry HCl. 0 (1 mole) with dry 
HCl gas (1.57 moles) in pres, of anhydr. FeCls (0.003 mole) in dark 6 days at room temp 
in abs. of air or peroxides, or C (1 mole) with dry HCl gas (1.62 moles) in pres, of AlCls 
(0.004 mole) in dark 3 days at 0° in abs. of air or peroxides gives exclusively <245) (yields: 
49% and 22%, respectively) 1,1,1,2-tetrachloroethane (3:5555). [Note that C with dry 
HCl in pres, of 5-10% AICI3 at 30-40° gives (86-88% <247)) 1,1,1,2-tetrachloroethane 
(3:5555), but that C -f- AlCls with dry HCl at 50° gives also <248) the sym.-l,l,2,2-tetra- 
chloroethane (3:5750), two pentachlorobutadienes (cf. <249)), and hexachlorobenzene 
(3:4939). 

Reaction of C with dry HBr. C in the pres, of an anti-oxidant does not react with HBr 
even after several days at 100° or after 30 days in sunlight <245). 

However, C in the pres, of suitable cat. adds HBr readily, but the mode of addn. differs 
according to conditions: e.g., C -f HBr in pres, of small amts. FeCU or AICI3 gives ex- 
clusively in yields up to 81% <245) l-bromo-l,l,2-trichloroethane, b.p. 152° at 760 mm., 
b.p. 54° at 20 mm., nf? = 1.5217 <245); but C with HBr in pres, of air and/or peroxides 
gives exclusively in yields up to 91% 2-bromo-l,l,2-trichloroethane, b.p. 171° at 760 mm., 
b.p. 68.9° at 20 mm., nf? = 1.5302, ni?® - 1.5326 <245). 

Behavior of C with dry HI. C does not add HI even after 4 days at room temp, in dark 
and abs. of air; on exposure of the system for 2 weeks in sunlight 25% of C was reduced to 
1,1,2-trichloroethane (3:5330) <245). 

Behavior with oxygenated mineral acids. Reaction of G with [C with strong 

H2SO4 at elev. temp, imdergoes reactns. leading ultimately <250) <189) to high 
3rields of chloroacetic acid (3:1370). — For patents exemplifying various conditions see 
<261) <252) <253) <254) <255) <256). — Note also that the H2SO4 may be replaced by arom. 
sulfonic acids such as benzenesulfonic acid, etc. <257).] 

[C with fumg. H2SO4 (10% SOs) shaken at 88° for % hrs. gives <258) cf. <255) <259) 
oHshloro-o-sulfoacetic acid.] 
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Reaction of C with HNOz, [0 with cone. HNOs (Z)=* 1.42, 4 vols.) refluxed 3 hrs. gives 
mainly (260) cf. (258) dichlorodinitromethane [Beil. 1-78, Ii-(21), I2-(44)I, accompanied 
by some trichloronitromethane (chloropicrin) ; for behavior of C with N 2 O 6 in s.t. at 60® 
for 6 hrs. see (260).] 

Behavior with alkali. C in either aq. susp. or ale. soln. does not neutralize JV/lO aq. 
alk. (261) (for contrary earlier claim see (262)), but C with excess 2 N MeOH/KOH in s.t. 
at 100° for 30 min. uses alk. corresp. to 2 moles, i.e., apparent Sap. Eq. = M.W./2 « 66.8. 

[C with aq. alk. or alk.-earth hydroxides at 175° under press, in pres, of copper salts is 
claimed (263) to yield salts of glycolic acid (1:0430).] 

[C with ether passed as vapor with Ng over solid KOH -f CaO at 130° loses HCl giving 
(84-90% jrield (264)) dichloroacetylene (3:5010) in the form of its mol. cpd. (1:1) with 
ether; for earlier work in which C alone over solid granular KOH at 130° gives (65% yield 
(265)) dichloroacetylene (266) see indie, refs.] 

[C with EtOH/NaOEt at 60-75° condenses with elimination of NaCl giving (yields: 
81% (267), 70% (268)) (269) (204) a,/3-dichlorovinyl ethyl ether (3:5540). — Note that 
reaction of C with ale. NaOEt has been accompanied by spontaneous explosions or ignition 
(270) (271) (272), presumably because of some formn. of either chloroacetylene (3:7000) 
or dichloroacetylene (3:5010) or both cf. (273).] 

[For study of stability of C toward water under various conditions see (9); note that 
carefully purified C is more stable toward aq. than ord. tech, product (274).] 

Behavior with metals. [For study of corrosive actn. of C on soft steel, copper, brass, 
lead, aluminum, etc., at temps. 50-160° under various conditions see (9) (275) (276) (277) 
(278) (279) (280) (281). — For study of sensitivity to mechanical shock of C with Li, 
Na, K, Ca, Sr, Ba see (282).] 

Behavior with inorganic metal salts. With AlCk. [C with Aids (4-5%) on refluxing 
several hours (249) or C at 225-230° under press, in pres, of Fe cpds. (284) undergoes 
bimolocular condensation with elimination of HCl and formn. of pentachlorobuta- 
dienes; see also comments above on reaction of C with HCl and remarks below on reaction 
of C with other org. chlorine cpds.] 

With AlBrz. [C with AlBrs as directed (283) undergoes halogen interchange giving 
1,1,2-tribromoethylene [Beil. 1-191, Ii-(81), l2-(164)*], b.p. 163-164°.] 

With FeCk. [C with anhydr. FeCla in s.t. at 85° yields (215) pentachloroethane (3 : 5880), 
but various side reactions result also in some hexachloroethane (3:4835) and tetrachloro- 
ethylene (3:5460).] 

Behavior with other miscellaneous inorganic reactants. [C with excess CI 2 O in CCI 4 
at --20° gives (285) pentachloroethane (3:5880), chloral (3:5210), and octachlorodiethyl 
ether (3:0738). — C with nitryl chloride (CINO 2 ) in s.t. at 100° for 3 hrs. gives (286) by 
addn. l,l,l,2-tetrachloro-2-nitroethane, colorless oil, b.p. 76° at 18 mm. (286). — C with 
S 2 CI 2 in s.t. at 140-150° for some hours (no reaction in open tube) gives mainly (287) 
pentachloroethane (3: 5880) J 

[For an attempt to react C with hydrazine hydrate in pres, of solid KOH see (288).] 


BEHAVIOR OF C WITH ORGANIC REACTANTS 
(See also above under C with alkali.) 

Behavior with hydrocarbons. [C with CeHe in pres, of Al/Hg yields (289) both 1,1- 
diphenylethane [Beil. V-606, Vi-(285), V2-(511)] and 1,1,2,2-tetraphenylethane [Beil. 
V-739, Vi-(371), V2-(673)].— C (1 mole) with cyclopentadiene (2 moles) at 176-185° 
under press, yields (309) a Diels- Alder type adduct, b.p. 158-160° at 11 mm., which with 
phenyl azide gives (309) a hydrotriazole, m.p. 225-226°.] 
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Behavior with other halogenated hydrocarbons (for reaction of C with itself see above 
under pol3rmerization). 

WUh CHCk (3:5050). [C in the pres, of AICI3 at 20® adds CHCI3 to its unsatd. linkage 
yielding (290) (291) 1,1,1,2,3,3-hexachloropropane (3:6460); note that at higher temp., 
e.g., 50-60®, yield is greatly diminished and several other prods. (290) are formed.] 

With CCh (3:5100). [C in the pres, of AICI3 adds CCI4 to its unsatd. linkage giving at 
20-30® for 48 hrs. (49% yield (292)) (290) (291) 1,1,1,2,3,3,3-hcptachloropropane (3:6860).! 

With lflfB'4richloroethane (3:5330). (C in the pres, of AICI3 adds 1,1,2-trichloroethane 
to its unsatd. linkage, then loses HC^, giving after 7 days at 40® a small yield (293) of 
l,l,l,4,4-pentachlorobutene-2 (3:9054) accompanied by much resin.] 

With hexacMoropropene (3:6370). [C (1 mole) with AICI3 + hexachloropropene (1 
mole) in CH2CI2 (3:5020) or CHCI3 (3:5050) at 30-37® gives (82% yield (294)) 1,1,2,3,3,- 
4,5,5,5-nonachloropentene-l, colorless liq. with cedar-like odor, b.p. 128° at 2-3 mm., 86° 
at 0.2 mm., D^o = 1.812, nf? = 1.5703 (294): C (2 moles) with AICI3 -f- hexachloropropene 
(1 mole) as directed gives in 5 hrs. at 20° a mixt. of two dodecachloroheptenes (C7H2CI12), 
one m.p. 94-96°, the other m.p. 58-62® (294).] 

Behavior with paraformaldehyde (1:0080). [C with paraformaldehyde in the pres, of 
cone. H2S04at 20-25°, followed by treatment with aq., yields (295) 0=(CH2.CHC1.CC)0H)2; 
note, however, that C with paraformaldehyde 4- cone. H2SO4 + an alkyl hydrogen sulfate 
(296) or an alcohol (297) (to yield the alkyl h3^drogen sulfate) gives the corresp. alkyl 
esters of a-chloroacrylic acid (3:1445).] 

Behavior with organic OH or SH cpds. [C with ale. NaOEt (see above under behavior 
of C with alkali) at 60-75° gives (yields: 81% (267), 70% (268» (269) (204) a,/3-<lichloro- 
vinyl ethyl ether (3:5540).] 

[C (1 mole) with sodium salt of C2H5SH (1 mole) in abs. ale. refluxed 2 hrs. gives (298) 
both a,/3-dichlorovinyl ethyl thioether, b.p. 77-80° at 30 mm., and C2H6S.CHe=C(SC2HB)2, 
b.p. 135-140® at 20 mm.] 

[C (1 mole) with sodium salt of CbHbSH (either 1 mole or excess) in abs. ale. refluxed 
24 hrs. gives a,/3-dichlorovinyl phenyl thioether, b.p. 145-150® at 22 mm. (298).] 

Behavior of C with aromatic amines. With aniline. C (1 mole) with aniline (3 moles) + 
aq. 15% NaOH (3 moles) refluxed for 40 hrs., and any unreacted components then re- 
moved by steam distn., gives (crude yield 64% (288)) A-phcnylglycine-(A,iV-diphenyl- 
amidine), C6H5NH.CH2.C(=N.C6 Hb).NHC 6H6 (Beil. XII-557] (also known as Sabane- 
jev’s base colorless cryst. from AcOEt or by rapid crystn. from hot ale., m.p. 189- 
190® (288). — [Note that this Sabanejev's base may be hydrolyzed in two distinct stages: 
e.g., on protracted refluxing with EtOH (288) it splits off 1 mole aniline leaving iV-phenyl- 
glycine anilide = C6H6NH.CH2.CO,NHC6 Hb [Beil. XII-556], cryst. from dil. ale., m.p. 
112-113® (288); on the other hand the Sabanejev^s base (or the iV-phenylglycine anilide) 
on more vigorous treatment, e.g. with boiling aq. Ca(OH)2, etc., hydrolyzes further yielding 
J\r-phenylglycine (A-phenylaminoacetic acid) [Beil. XlI-468, XIIi-(263)], m.p. 127-128° 
(an important starting point for prepn. of indigo). — For patents on the prepn. of N- 
phenyl^ycine from C by reactn. with aniline in the pres, of aq. Ca(OH)2 at 170-180® 
under press, see (299) (300).] 

[The reactn. of C with aniline + aq. alk, to form Sabanejev^s base (above) is also ac- 
companied by various side reactions, including formn. (29% yield (301)) of 1,1,2-tri- 
(anilmo)ethylene, m.p. 147® dec. (301); for further details on this and other by-products 
see (301) (302).] 

With other aromatic amines. [For analogous behavior of C with other aromatic prim, 
amines in the pres, of aq. alk., e.g., with p-toluidine (288) (302) (303) (note that o-toluidine 
behaves abnormally while m-toluidine does not react (288)), /3-naphthylamine (302) cf. 
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(288), p-anisidine (288), p-phenetidine (288), p-aminobiphenyl (288), and many others 
(288) see indie, refs.] 


COLOR TESTS FOR C 

® Color test with a-naphthol (1 : 1500). C with a few drops 2% ale. a-naphthol + 
eone. H2SO4 (2 ml.), shaken, diluted with aq. (1-2 ml.), gives red-peaeh eolor (304). 
[This test was devised especially for detection of C in oils or melted fats (2-ml. samples) ; 
in olive oil C can be detected in I/2OOO, and can also be noted in presence of castor 
oil, grapeseed oil, raw linseed oil, lard, etc. Note, however, that test fails with oils 
which have been subjected to oxidn., e.g., boiled linseed oil, and its sensitivity is 
improved by the pres, of reducing agts., e.g., by a trace of Zn dust (304).] 

® Color test with cyclopentanol (1:6412). C (1 drop) with cyclopentanol (2 ml.) + 
trace solid NaOH, boiled 25 secs., cooled, acidified with AcOH or 85% H2SO4, stood 
1 min., and shaken gives (305) green color. [Note that this same response is also 
shown by 1,1,2,2-tetrachloroethane (acetylene tetracUoride) (3:5750) but not by 
methylene dichloride (3:5020), CHCI3 (3:5050), CCI4 (3:5100), ethylene dichloride 
(3:5130), pentachlorocthane (3.5880), cis (3:5042) or trans (3:5028)“l,2-<iichloro- 
ethylene, or tetrachloroethylenc (3.5460); for sensitivity for C see (305).] 

® Color test with pyridine and aq. alk. (Fujiwara reaction). See above under detn. of 
C. 

Comment on behavior of C with NH 4 OH/CUCL Note that Cwith NH4OH/CUCI does 
not give blue color within 5 min. (306) (diff. from pentachlorocthane (3:5880) q.v. 

(p Mercury his-(trichloroethylenide), Hg( — CCl=CCl2)2 (see also above under 
detn. of C). — C with aq. KOH soln. of Hg(CN)2 on shaking 24 hrs. at room temp. 
(169), or C with HgO -f NaOEt + KCN in ale. shaken 1 hr. at 40-60® (not higher) 
(307) (308) cf. (273), gives (yields: 100% (169), 90% (307)) mercury 6is-(trichloro- 
ethylenide), cryst. from ether or CHCI3, m.p. 83° (169) (273), 82-83° (242) (note that 
after recrystn. from ale. a m.p. of 141° (307) has been reported). [For behavior of 
ordinary 1,2-dichloroethylene with aq. alk. Hg(CN)2 solns. yielding mercury his- 
(chloroacetylide) Hg( — C=CC1)2, m.p. 185°, see text of that cpd. (3:5030).] 
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B.P. 89.5-90.5^ (1) 
88-90** (2) (3) 

88.4^89.6** (4) 
87-88® (5) 


Cl C 2 H 2 OCI 2 
H — (!) C==0 


ii A 


BeU. I - 613 
Ii-(388) 
3«-(677) 


Anhydrous C is strongly lachrymatory liq.; in B.t. C can be kept but in opeii containers 
It graduaDy changes to an amorphous polymer, insol. ale. but from which C can be regener- 
ated at 120® (2) cf. (6). 

[For prepn. of C from dichloroacetaldehyde dietbylacetal (3:6110) by distn. with cone. 
H2SO4 (1) (2) (7) or with benzoic* anhydride (1:0596) -f a little cone. H2SO4 (3) (yield: 
81% (5), 78% (8)) see indie, refs.; for prepn. of C from chloral hydrate (3:1270) with 
Al/Hg see (9); for manufacture of C from chloroform + formaldehyde with S(>2Cl2 at 
300® (10) or with heat, pressure, and cat. (11) see indie, refs.] 
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[For formn. of C from a,i8,/3-trichloroethyl ethyl ether ( 1 ), ^y/S-dichlorovinyl methyl 
( 12 ) or ethyl ( 1 ) ethers on htg. with acids; from /3)/3,/9-trichlorolactic acid or its sodium salt 
by htg. in CO 2 (13) or warming aq. soln. (14) (22)^ or from its acetate with ethereal EtsN 
followed by warming with aq. (13) (15); from ethyl a-ethoxy-^,i^#-<lichloroacrylate on warm- 
ing with aq. (16); from dichloropyruvic acid by htg. with aq. (15) see indie, refs.] 

[For formn. of C from acetylene with HOCl (17) or from chloroacetylene (3:7000) with 
NaOCl (18) see indie, refs.) 

C in pres, of cone. H2SO4 polymerizes (19) to a cryst. tri (?) mer paradichloroacetalde- 
hyde, m.p. 129-130° (19), and eas. sol. ale.; this prod, on htg. in a s.t. at 240-245° or with 
cone. H2SO4 at 120-130° regenerates C. [For use of C and this polymer as insecticides* 
see( 20 ).] 

C with 1 mole aq. and cooling yields (1) dichloroacetaldehyde hydrate (3:1086), m.p. 
66 °. 

C with abs. EtOH yields (1) dichloroacetaldehyde monoethylacetal (dichloroacetalde- 
hyde ethyl aJcoholate) (3:5310). [For dichloroacetaldehyde diethylacetal, b.p. 184° 
see_3:6110.] 

C reduces NILOH/AgNOa. — C on oxidn. with fumg. HNO 3 yields ( 21 ) dichloroacetic 
acid (3:6208). 

[C with pels yields ( 22 ) 1 , 1 , 2 , 2 -tetrachloroethane (acetylene tetrachloride) (3:6760) 
(which if much HCl is present may be accompanied by a,/3,/3,a',i8',i8'-hexachlorodieihyl 
ether ( 22 )).] 

C with 1 mole NH 2 OH.HCI in aq. soln. yields (23) a liquid oxime, b.p. 67-69° at 17 mm., 
40-44° at 2-3 mm. dec.; however, with excess NH 2 OH.HCI -f Na 2 C 03 C yields (14) (16) 
glyoxal dioxime [Beil. 1-761, Ii-(394), l 2 -( 818 ), m.p. 177-178° (16), 173° (14). 

C with excess phenylhydrazine yields (24) (26) glyoxal 6 w-phenylosazone, pale yel. pi. 
from boilg. ale., m.p. 169-171° (25), 170° (24). 

C with 1 mole semicarbazide in ale. 3 rields (26) dichloroacetaldehyde semicarbazone, 
m.p. 155-156° (26); C with 2 moles semicarbazide in aq. soln. gives on boilg. (26) glyoxal 
5i6'Hsemicarbazone, insol. in usual solvents and not melting below 270° (27). 

3:6180 (l) Oddo, Mameli, Gazz. chim. ital. 33, II 388-412 (1903). (2) Paterno, Zeit. f&r 
Chemie 1868, 667. (3) Wohl, Roth, Ber. 40, 217 (1907). (4) Cheng, Z. physik. Chem, B-26, 
296 (1934). (6) van der Walle, BuU, aoc. ch%m. Belg, 28, 308-309 (1914/1919). (6) Friedrich, 
Ann. 206, 262 (1880). (7) Grimaux, Adam, BuU. aoc. chim. (2) 34, 29 (1880). (8) Bdeseken, 
Tellegen, Plusje, Rec. trav. chim. 67, 76 (1938). (9) Deodhar, J. Ind%an Chem. Soc. 11, 84-85 
(1934). (10) Standard Oil Development Co., Ger. 629,897, May 26, 1936; Cent. 1936, II 2448; 
C.A. 30, 6006 (1936). 

(11) Frolich, Wiezevich (to Standard Oil Development Co.), U.S. 2,042,303, May 26, 1936; 
Cent. 1936, II 3193; C.A. 30, 4871 (1936). (12) Denaro, Gazz. chim. ital. 14, 119 (1884). (13) 
Koetz, J. prakt. Chem. (2) 90, 312-314 (1914). (14) Reisse, Ann. 267, 331-333 (1890). (15) 
Koetz, Otto, J. prakt. Chem. (2) 88, 551-652 (1913). (16) Koetz, J. prakt. Chem. (2) 103, 235 
(1921/22). (17) Wittorf, J. Russ Phys.-Chem. Soc. 32, 88-117 (1900) ; Cent. 1900, II 29. (18) 
Ingold, J. Chem. Soc. 126, 1536-1537 (1924). (19) Jacobsen, Ber. 8, 87-88 (1876). (20) Ger. 
628,194, June 26, 1931; CerU. 1931, II 1910. 

( 21 ) Paterno, Zeit. filr Chemie 1869, 394. (22) Paterno, Pisati, Gazz. chim. ital 1, 463 (1871). 
(23) Routala, Neovius, Ber. 67, 252-254 (1924). (24) Oddo, Cusmano, Gazz chim. ital. 41, II 
266 (1911). (25) Chattaway, Farinholt, J. Chem. Soc. 1930, 96. (26) Kling, Bull. soc. chim. 
(4) 6, 414-116 (1909). (27) Harries, Temme, Ber. 40» 171 (1907). 
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3:5190 2,3-DICHLOROPROP£N£.l 
(^-Chloroallyl chloride) 


B.P. 94-94.5^ <1) (6) 

94® (2) (3) 

92.5® (4) 

Colorless oil, insol. aq., sol. ale., ether. 

[For prepn. of C from 1,2,3-trichloropropane (3:5840) + aq. alk. (yield 80% (6), 87% 
(4), 70% (1)) or ale. alk. <4) see indie, refs.; for other misc. methods of formn. see Beil. I- 
199.J 

C shaken with 6-7 pts. cone. H2SO4, poured into aq., and distd. yields (7) chloroacetone 
(3:_54.25), b.p. 118®. 

C adds Br2 giving (3) 2,3-dichloro-l,2-dibromopropane [Beil. 1-112], b.p. 205® (3). 

C htd. with fumg. HCl in s.t. at 100® yields (3) 1,2,2-trichloropropane (3:5475), b.p. 123®. 
[For study of addn. of HF see <4).] 

[For use of C in prepn. of cellulose ethers with unsatd. linkages see (8).] 

3:5190 (1) Bon, Uchenye Zapiski Leningrad. Gosudarst. Univ , Ser. Khim. Nauk 3 , 3-37 (1938); 
Cent. 1939 , II 366. (2) Kirmann, Bull. soc. chim. (5) 6, 846 (1939). (3) Friedel, Silva, Jahresber. 

1871 , 404; 1872 , 322-323. (4) Henne. Haeokl. J. Am Chem. Soc 63 , 2692-2694 (1941). (5) 

Hurd, Webb, J. Am. Chem. Soc. 68 , 2191 (1936). (6) Claus, Ann. 170 , 126 (1874). (7) Henry, 

Ber. 6, 190-191 (1872). <8> du Pont Co., Brit. 429,949, July 11, 1935, Cent. 1936 , I 4098. 


Cl Cl C8H4CI2 
CHs=(!: — in. 


Beil. I -199 

Ii- 


= 1.304 (3) 


ng -> 1.4600 (5) 


3:5300 d,l-l,2-DICHLOROPROPANE 

(Propylene (di)chloride) 


H 


CHy-i— CII2CI 

ii 


C3H6C12 


Beil. I - 105 

11- 

12- ( 73) 


B.P. 96.8® at 760 mm. <1) (2) = 1.1545 (6) nf? = 1.4388 (9) 

96.4-96.6® <3) (4) (5) 

96.4® at 760 mm. (6) 

95.2-96.0® at 760 mm. (7) (8) 


Colorless oil. — For b.p.'s at various pressures from 33-847 mm. see (6) (10), — Almost 
insol. in aq.; for precise data see (3) (4) (5). — [For use as technical solvent see (11); for 
use in conen. of AcOH by formn. with aq. of const.-boilg. mixt., b.p. 96® see (12).] 

[For prepn. of C from corresp. ale., propanediol- 1,2 (propylene glycol) (1:6455), with 
PCI3 + ZnCl2 (13% yield (13)), or PClg + ZnClz (11% yield (13)), or SOCI2 (15% yield 
(13)), or SOCI2 + pyridine (28% yield (13)), see (13); for prepn. of C from propylene By 
addn. of CI2 (88% yield ( 9 )) see ( 9 ) (14) (30); for formn. of C (35.6% (15)) together with 
other products by chlorination of propane (15) (16) (17) see indie, refs.; for formn. of C 
(60% (18)) together with 1,3-dichloropropane (3:5450) (40% (18)) from 1-chloropropane 
(3:7040) with SO2CI2 see (18); for other misc. methods see Beil. 1-105.] 

[For study of limits of inflammability (3.4%-14.5% by volume) of C in air see (19); 
for study of thermal conductivity of C see (20); for adsorption of C by activated carbon 
at various temps, see (31).] 

C on further chlorination with SO2CI2 yields (18) cf. (32) 48% 1,2,2-trichloropropane 
(3:5475), 37% 1,2,3-trichloropropane (3:5840) cf. (21), and 15% 1,1,2-trichloropropane 
(3:5630). 
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C on htg. at 540-750^0. loses HCl yielding {15) ( 22 ) a mixt. of 3-chloropropene-l (allyl 
chloride) (3:7035) and 1-chloropropene-l (3:7030). —C with aq. alk, under pressure and 
above b.p. of C yields (23) 2-chloropropene-l (isopropenyl chloride) (3:7020). — C with 
ale. KOH (but not NaOH (9)) at 60-75® gives (95% yield (9)) mixt. of 2-chloropropene-l 
(3:7020) and l-chloropropene-l (3:7030) cf. (21) (28). 

[For reactn. of C with salts of lower aliphatic acids yielding esters of d,^-propylene glycol 
(1:6455) see (24); with cone. aq. NH 4 OH at 78-80® giving (92% yield (25)) propylenedia- 
mine dihydrochloride and other products (26) see indie, refs.] 

C htd. with aq. + PbO in s.t. at 150® is said [Beil. 1-105] to yield d,i-propylene glycol 
(1:6455), but C htd. with 20 vols. aq. in s.t. at 210-220® yields ( 2 ) from the glycol a mixt. 
of propionaldehyde (1:0110) and acetone (1:5400). — [For behavior of C with boilg. 
aq. + trace of NaHCOs, or with boilg. aq. + Fe, see (15).] 

1,2-Diphenoxypropane: m.p, 32®, b.p. 175-178° at 12 mm. (27). [From 1-bromo- 

2-phenoxypropane with 25% ale. NaOCeHs (27); it has not, however, been reported 
direct from C.] 

l,2-Di(a-naphthoxy)piopane: unrecorded. 

l,2-Di-(/3-naphthoxy)propane: m.p. 152® (29). [From C with / 8 -naphthol (1 : 1540) 

+ aq. NaOH in s.t. at 120 ® (29).] 

3:6200 (1) Hass, McBee, Weber, Ind. Eng. Chem. 28, 338 (1936). (2) Linnemann, Ann. 161, 
62-64 (1872). (3) Gross, Physik. Z. 32, 589 (1931). (4) Gross, Z. physik. Chem. B-6, 215-220 
(1929). ( 5 ) Gross, J. Am. Chem. Soc. 61, 2362-2366 (1929). (6) Nelson, Young, J. Am. Chem. 
Soc. 66, 2^9-2433 (1933). (7) Kahovec, Wagner, Z. physik. Chem. B-47, 52 (1940). (8) 
Kohlrausch, Ypsilanti, Z. physik. Chem. B-32, 416 (1936). (9) Goudet, Schenker, Hdv. Chim. 
Acta 10, 132-137 (1927). (10) Kireev, Nikiforova, J. Gen. Chem. {U.S.S.R.) 6, 75-77 (1936); 
Cent. 1937, 1 4219, C.A. 30, 7427 (1936). 

(11) Durrans, “ Solvents,” 4th ed., London, 1938, p. 182. (12) Othmer (to Eastman Kodak 
Co.), U.S. 2,021,852, Nov. 19, 1935; Cent. 1936, 1 1505. (13) Clark, Streight, Trans. Roy. Soc. 
Can. (3) 23, III 77-89 (1929). (14) Union Carbide Co., Ger. Pat. 363,269, Nov. 6, 1922; Cent. 
1923, II 475-476. (15) McBee, Hass, Chao, Welch, Thomas, Ind. Eng. Chem, 33, 176-181 
(1941). (16) Hass, McBee (to Purdue Research Foundation), U.S. 2,004,073, June 4, 1935; 
Cent. 1936, 1 1500. (17) Hass, McBee (to Purdue Research Foundation), U.S. 2,105,733, Jan. 
18, 1938; Cent. 1938, 1 4533. (18) Kharasch, Brown, J. Am. Chem. Soc. 61, 2142-2149 (1939). 
(19) Jones, Miller, Seaman, Ind. Eng. Chem., 26, 771-773 (1933). (20) Bates, Hazzard, Palmer, 
Ind. Eng. Chem. 33, 375-376 (1941). 

(21) Klebanskii, Vol’kenshtein, J. Applied Chem. (U.S.S.R.) 8, 106-116 (1935); Cent. 1936, 
II 3298. (22) Essex, Ward, U.S. 1,477,047, Dec. 11, 1923; C.A. 18, 537 (1924). (23) Young 
(to Carbide and Carbon Chem. Corp.), U.S. 1,752,049, March 25, 1930; Cent. 1930, II 1280. 

(24) Coleman, Moore (to Dow Chem. Co), US. 2,021,852, Nov. 19, 1935; Cent. 1936, I 1505. 

(25) Darzens, Compt. rend. 208, 1503-1504 (1939); C.A. 33, 6243 (1939). (26) Mnookin, U.S. 
2,049,467, August 4, 1936, Cent. 1937, I 1792. (27) Gilta, Bull. soc. chim. Belg. 31, 249 (1922) 
(28) Reboul, Ann. chim. (5) 14, 462-464 (1878). (29) Dahlen, Black, Foohey (to du Pont Co.), 
U.S. 1,979,144; Oct. 30, 1934; Cent. 1936 1 3051 ; [C.A. 29, 177 (1935)]. (30) Gavat, Ber. 76, 1115- 
1118 (1943). 

(31) Pearce, Eversole, J. Phys. Chem. 38, 383-393 (1934). (32) Zellner (to Tide Water 
Associated Oil Co.), U.S. 2,370,342, Feb. 27, 1945; C.A. 39 3534 (1945). 
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3:5310 TiaCHLOROACBTALDEHYDB 
(Chloral) 

B.P. F.P. 

97.8-98.1® <1) -57.5® (9) 

97.75® at 760 mm. <2) 

97.73® at 760 mm. (3) 

97.7® (4) 

97.4r-97.6® at768mm. (6) (19) 

97.2® cor. at 760 mm. (6) 

97.2® at 731.3 mm. (7) 

97® at 747 mm. (8) 

97® at 740 mm. (9) 

96-97® at760mm. (10) 

96.5-96.9® (11) 

96.5® (12) (13) 

96.4® at749mm. (14) 

See also Note 1. 

[See also chloral hydrate (3 : 1270) and 


ClsC.CHO CaHOCl* BeU. I - 616 

Ii-(328) 

Ijr(677) 

Df = 1.5060 (1) cf. (19) 

1.5049 (15) (19) ^ 

1.5030 (9) cf. (19) 

1.4730 (5) 

= 1.5059 (16) « 1.45412 (16) 

Df = 1.5121 (10) n|? - 1.4568 (17) 

1.508 (16) 1.4559 (14) 

1.5066 (14) 1.45572 (10) 

See also Note 2. 

ng^e = 1.4548 (16) 

Note 1. For vapor press, of C between 0® 
and 30® see (18). 

Note 2. For D\ over range 25-85® see (15). 
ral ethylalcoholate (3:0860).] 


Important note: The chemistry of anhydrous chloral on one hand and that of chloral 
hydrate on the other is so closely interwoven that the division of material between them in 
this book is necessarily arbitrary. For instance, there are many reactions actually em- 
ploying chloral hydrate as the starting point, which by virtue of the simultaneous use of 
cone. H2SO4 are undoubtedly in effect reactions of anhydrous chloral In such cases the 
allocation of text between the two entries has been influenced by the nature and magnitude 
of the context. Although cross references have been liberally employed, the texts of both 
anhydrous chloral and of chloral hydrate should be compared. 


MISCELLANEOUS PHYSICAL PROPERTIES 

Binary systems contg. C, C with H2O combines to give chloral hydrate (3:1270) q.v. 
(for use in this reaction of C in effecting drying of halogen compounds used in fire extin- 
guishers see (20)); for extensive study of system C + aq. see (9). 

C with EtOH (1:6130) combines to give chloral ethylalcoholate (3:0860) q.v. — For 
analogous reactions of C with other ales, see below under chemical behavior of C. 

Azeotropic mixtures containing C. A few such systems are known including the follow- 
ing: C with methylcyclohexane (hexahydrotoluene) (1:8410) gives a const. -boilg. mixt., 
b.p. 94.45® at 760 mm., contg. 57% C (2); C with isobutyl formate (1:3065) gives a const. - 
boilg. mixt., b.p. 100.1® at 760 mm., contg. 60% C (21); C with n-propyl acetate (1:3075) 
gives a const.-boilg. mixt., b.p. 102.55® at 760 mm., contg. 50.5% C (21); C with nitro- 
methane gives a const -boilg. mixt., b.p. 93® at 760 mm., contg. 65% C (20). . 

PREPARATION OF C 


From Halogen-Free Starting Points 

From ethyl alcohol. [C was first prepared (22) from EtOH (1:6130) by action of CI2; 
for discussion of mechanism of reaction see (23) (24); note that various by-products (25) 
(26) such as 1,1-dichloroethane (3:5035), 1,2-dichloroethane (3:5130), 1,1,2-trichloroethane 
(3:5330), i9,/9,/3-trichloroethanol (3:5775), ethyl dichloroacetate (3:5850), and chloroform 
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(3:6060) have been detected; for patents on prepn. of C (or its hydrate) from EtOH with 
Clg see (27) (28); for use of CI 2 in pres, of FeCls see (29).] 

From acetaldehyde. [For prepn. of C from acetaldehyde (1 : 0100) with CI 2 see (30) 
(31).] 

From other non-halogenated materials. [For formation of C from ethyl formate (1 : 3000) 
with SO 2 CI 2 in s.t. at 170° (32) or from starch or sucrose by distn. with Mn02 + HCl 
(33) see indie, refs.] 


From Halogbnated Starting Materials 

From chloro-unsaturates. [For formn. of C from 1 , 1 , 2 -trichloroethylene (3:5170) with 
large excess CI 2 O in CCI 4 at — 20 ° (34) or on oxidn. in pres, of FeCls, AICI 3 , TiCU, or SbCU as 
directed (36) see indie, refs.; from chloroacetylene (3 : 7000) with aq. 30% NaOCl + H 3 BO 8 
see (36).] 

From carbon tetrachloride. [For prepn. of C from CCU (3:5100) with formaldehyde 
-h SO 2 CI 2 + cat. at high temp. (200-500°) and high press. ( 20-200 atm.) see (404).] 

From various chloral derivatives. [For prepn. of C from chloral hydrate (3:1270) by 
dehydration with cone. H 2 SO 4 (note that C is appreciably soluble in cone. H 2 SO 4 (9)) or 
with CaC 2 slowly in cold but rapidly at 100° (37); from chloral ethylalcoholate (3:0860) 
(or other chloral alcoholates) with cone. H 2 SO 4 ; from chloral polymers such as “ metachlo- 
ral ” by htg. at 180-200° (38) ; from tnchloroacetaldehyde diethylacetal (“ trichloroacetal ”) 
(3:6317) above 200 ° (39) or on distn. with cone. H 2 SO 4 (39) (40); from dichloroacetalde- 
hyde diethylacetal (“ dichloroacetal ”) (3:6110) with CI 2 at 60-70° (41) see Indie, refs.] 

CHEMICAL BEHAVIOR OF C WITH INORGANIC REACTANTS 

General 

[For review of chemistry of C and its hydrate (3:1270) see (42).] 

Reduction of C 

According to the nature of the reagent and the conditions, C (or its hydrate) may undergo 
reduction either at its — CCI 3 group or at its — CHO group. 

Reduction at — CCI3 group [C with H 2 4* Pd in ale. KOH (43) or with H 2 + Ni 4- aq. 
alk. (44) splits off all its halogen as HCl. — C with Zn 4- AcOH (15) (46), with Al 4- AcOH 
(75), with Zn 4“ strong HCl (47) (48), with Zn 4- dil. H 2 SO 4 (49) (50), reduces to acetalde- 
hyde (1 : 0100) ; because of easy volatility of this product the reaction may be used for the 
identiheation and detection of C (47) (49) (50), or for detection of C in presence of CHCU 
(3:5050) or of a,a,/9-trichloro-w-butyraIdehyde (“ butyrchloral ”) (3:6910) (49). — Note 
that C with aq. Zn or Fe powder especially on warming gives (51) CH 4 4” MeCl (3:7006) 
4- CH 2 CI 2 (3:5020).] 

[C in aq. with Al/Hg gives (52) dichloroacetaldehyde hydrate (3:1085), while C (as 
hydrate) on electrolytic reduction (53) gives dichloroacetaldehyde (3:5180) 4" chloro- 
acetaldehyde (3:7212) 4- acetaldehyde (1:01(X)).] 

Reduction at — CHO group. [C with Al(OEt )3 in abs. EtOH gives (yields: 85% (54), 
84% (55), 80% (56)) (57) (58) (59) cf. (60) 2,2,2-trichloroethanol-l (3:5775); for reduction 
of C to this same product using Al isopropylate in isopropyl ale. (61 ) in pres, of acetaldehyde 
(yield 72-87% (62)), C2H60MgBr (63), (CH 8 ) 2 CHOMgBr (63), or other metallic iso- 
propylates (64), ZnEt 2 (65) (66), AlEts compd. with ether (88.6% yield (67)) (note, how- 
ever, that SnEt 4 is not effective (67)), or fermenting yeast (68) (69), see indie, refs. — 
For formn. of 2,2,2-trichloroethanol-l (3 : 5775) during reaction of C with various RMgX 
compounds see below under behavior of C vdth RMgX cpds.] 
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TRICHLOROACETALDEHYDE 


Oxidation of C 

C or its hydrate (3:1270) on oxidation under appropriate conditions gives trichloro- 
acetic acid (3:1150); under some circumstances extensive decompn. also occurs (see below). 

(C on oxidn. with fumg. HNO3 (70) cf. (71), with HNO2 (72), with NO2 at 40-60® (70% 
yield (73)) or with aq. chlorates 4- cat. (74) gives trichloroacetic acid (3:1150); for formn. 
of latter as by-product of action of C with O2 including comments on inhibitors, etc., see 
(38) (75).J 

[Chloral hydrate (3:1270) on oxidn. with fumg. HNO3 (63% jrield (76)) cf. (72), with 
KMn04 (77) (80), with KClOs (78), with aq. chlorates + cat. (74), or with Ca(OCl)2 (79) 
gives trichloroacetic acid (3:1150).] 

Chloral hydrate (3:1270) reduces NH40H/AgN03 (81) or Fehling’s soln. (for study of 
sensitivity of this reaction see (82) [for oxidn. of chloral hydrate by HgO, KMn04, or CrOa 
see (83); for reduction by chloral hydrate of AgCl, AgBr, Agl, or AgSCN to metallic silver 
(84) or of alkaline solns. of Au, Ag, Bi, and Cu salts (85) see indie. refs.J. 

[C in dry CeHe is but slowly attached by silver oxide (86).] 

Reactions Involving Decomposition op C 
(See also below under behavior of C with alkalies.) 

[C with aq. HIO3 at 100° decomposes yielding (87) CHCI3 (3:5050) 4- CO2 4- ICI3 4- 12- 
“ C on chlorine-sensitized (88) or bromine-sensitized (12) photochemical oxidn. with O2 
at 70-90° decomposes yielding (88) (12) COCh (3:5000) 4- CO 4- HCl.] 

[C on thermal decompn. at about 440°C. especially if catalyzed by I2 (89) or NO (89) 
(90) gives CHCI3 (3:5050) 4- CO.] 

[C with AlCla on htg. gives various products according to conditions; these include 
tetrachloroethylene (3:5460) (91) (92), pentachloroethane (3:5880) (93), a,a,/3,/3,7,7,7- 
heptachloro-w-butyraldehyde (“perchlorobutanar") (94), chloral polymers (especially 
metachloral (91) (92) (95)), chloralide (3:3510) (92) (94), and others.] 

Behavior of C with Halogens 

With chlorine. [C with CI2 in simlight decomixises giving (96) CCI4 (3:5100) -f COCI2 
(3:5000) 4- HCl; for extensive study of photochem. reaction of C with CI2 at 70-90° 
giving CCI4 (3 : 5100) 4- CO 4- HCl see (97). — Note that C with CI2, Br2, or I2 in pres, 
of AICI3 gives (98) hexachloroethane (3:4835).] 

With bromine. [C with Br2 at 150° gives (99) trichloroacetyl bromide 4- bromotri- 
chloromethane 4- CO 4- HBr; for extensive study of photochem. reaction of C with Br2 
at 70-90° giving bromotrichloromethane, CHCI3 (3:5050), COBr2, CO *4 HBr see (13).] 

Behavior op C with Inorganic Acids 

C with inorganic acids reacts in various ways according to circumstances; e.g., by formn. 
of addn. products, by decomposition, by formation of chloralide, by polymerization (see 
also its own heading below), or by combinations of these reactions. 

With HCl. [C with HCl gas at -15 to -75° yields (100) (113) an addn. product C.HCl 
commonly designated as chloral hydrochloride; this crystn. product with aq. dissociates 
giving C (as hydrate) HCl; note that little, if any, polymerization occurs (100).] 

With HBr. [C with HBr gas at —15° yields (100) an addn. prod.; C.HBr, similar in 
behavior to that of the preceding HCl addn. product.] 

With HNO3. [C with HNO3 at 20° yields (101) an addition prod., C.HNO3.] 

With H2SO4. [C with fumg. H2SO4 contg. 2% SOs gives on warming substantially 
100% yields (102) of chloralide (3:3510); note, however, that C with fumg. H2SO4 contg. 
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10% SOs gives at 0® an addn. prod, of the type Cm*(S03)n.(H20)j, which on warming dec. 
giving COCI2 (3:5000) + SO2CI2 + SO2 + CO2 + CO + HCl (102); for other (older) 
refs, on conversion of C with fumg. H2SO4 to chloralide (3:3510) see (61) (81) (103) (104); 
for conversion of chloral hydrate (3 ; 1270) with fumg. H2SO4 to chloralide (3:3610) (yields: 
61% (105), 44-51% (106)) see indie, refs. — Note, however, that within a narrow range 
of strength (best about 79.8%) H2SO4 appears to give with C or its hydrate certain un- 
stable addition products of type CCl8.CH(0H).S020H.H20 (148).] 

With CISO3H. [C with chlorosulfonic acid at 50® for several days ©ves (65% yield 
(107)) 6i8-(a,/3,/3,/?-tetrachloroethyl) ether (3:0738); note that even at —50® for 10-12 
hrs. yield of this prod, may be as high as 50%; also that various other products including 
chloralide (3:3510) are also formed; and finally that C with FSO3H behaves similarly 
(107).] 

Polymerization op C 

C is known to give at least three polymers; the oldest and most common polymer is 
that designated as “metachloral**; in addition two isomeric a- and paracUorals ** 
(possibly comprising a pair of cts-trans atereomers) have also been reported (108). 

Metachloral. [C in presence of H2SO4 below 0° (108) (sometimes suddenly cf. (109)), 
fumg. H2SO4 (18), pyridine (18), or AICI3 as directed (18) (92) (110) gives metachloral 
[Beil. 1-618, Ii-(329), l2-(680)], a white amorphous polymer of unknown mol. wt. or struc- 
ture. This polymer is insol. aq., ale., ether, or acids but dissolves in aq. Na2C03 forming 
chloral hydrate (3:1270), on distn. at 180° regenerates C, oxidizes with HNO3 to trichloro- 
acetic acid, with alkalies behaves like C (see also below), and with CISO3H at 50® gives 
( 107 ) bis- (a,^,^,/3-tetrachloroethyl ) ether (3 : 0738 ) .] 

Parachloral. [C with a large excess cone. H2SO4 at 15-20°, carefully dissolved and 
stood 3 days at 15-20°, gives in addn. to mctachloral (above) and chloralide (3:3610) small 
amts, of two isomeric trimers, viz., a-j)arachloral, rhombs from hot ale., m.p. 116®, b.p. 
223° at 760 mm., and ^-parachloral, pr. from ale., m.p. 152°, b.p. 250°. Note that yield 
of parachloral is only about 1% of original C, that both arc more sol. in hot ale. than the 
main prod, metachloral, that neither form is convertible to the other or to metachloral, and 
that both on distn. at ord. press, dissociate to C.] 

Mixed polymers. [C (1 mole) with acetaldehy<le (3 moles) -f HCl gas at 0° for 15-20 
hrs. gives (78% yield (111)) 2,4-dimethyl-6-(trichloromethylVi,3,5-trioxane, b.p. 97® at 
13 mm., Dl* = 1.3915, n}? = 1.4708. Similar mixed polymers (presumably analogous to 
the preceding case) are similarly formed (112) from C with tnmethylacetaJdehyde (1 :0133), 
C writh propionaldehyde (1:0110), and C with isobutyraldchyde (l:0120).l 
Behavior of C with alkalies. C with cone. aq. alkalies (even in cold (22)), or G on distn. 
with aq. alkalies or alk. earths (22) (114) (115), undergoes cleavage into CHCI3 (3:6060) + 
the corresp. salt of formic acid (1:1005); this cleavage is claimed to occur also even with 
cone. NH4OH (114) or aq. amines (114) and may also produce some CO (114) and chloride 
ion. — [For extensive studies of kinetics of this cleavage see (116) (117) (118) (119) (120) 
(121) (122) (126).] 

Note that C is very stable toward hydrolysis by aq. (126) (even in s.t. at 190-200® for 
2 hrs. (118)) or by dilute acid (even in s.t. at 150® (118)); however, C with aq. in sunlight 
is claimed (123) to give formaldehyde (1:0145) + CO2 + HCl (presumably by formn. and 
decompn. of OCH.C(OH)3), and C with aq. is claimed (124) to undergo sli^t formn. of 
dichloroacetic acid (3:6208) + HCl. 

C with ale. KOH gives (125) CHCI3 (3:5050) 4- ethyl formate (1:3000). 

[Note that chloral deuterate, CCl3CH(OD)2 (from C 4- D2O), with NaOD (17) or Ca- 
(0D)2 (127) in D2O gives deuteriochloroform, CDCI3, b.p. 0.6® higher than ord, CHGlt 
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(3:6060), m.p. -64.69 to -64.16°, Df « 1.6004 (higher than 1.4888 for CHCas), nf? « 

l. 4450 (same as CHCla) (17).] 

Behavior op C with Ammonia, Hydroxylamine, Hydrazine, etc. 

With NHs. [C with dry NH 3 gas <81) (48) in dry CHCI 3 (128) (129) or chloral hydrate 
(3: 1270) with NH 3 in dry ether (129) gives a white solid, m.p. 72-74° (129), 62-64° (128), 
originally (81) (48) (128) regarded as chloralammonia CCl 3 .CH(OH).NH 2 but later (on 
discovery of double the expected mol. wt. (129) cf. (130)) thought to have structure 
CCl 8 .CH( 0 H).NH.CH(NH 2 ).CCl 3 .H 20 .~The prod, with KCN in cone. aq. NH 4 OH 
gives (93% yield (131)) dichloroacetamide, m.p. 98.5-99.0° (131).] 

[Note that chloral hydrate (3:1270) with NH 4 OAC at 100 ° gives (132) a prod., cr 3 rst. 
from ale., m.p. 97°, regarded as a dimeric form [Beil. XXIII-15] of chloralimide, CCI 3 — 
CH=NH; this dimer is also accompanied (132) cf. (133) by two stereoisomeric trimers 
[BeU. XXVI-9-101 of chloralimide.] 

With hydroxylamine. The behavior of C with hydroxylamine differs according to the 
circumstances employed. 

[C as chloral hydrate (3:1270) with large excess NH 2 OH.HCI (4 moles) in a little aq. 
(134) or with NH 2 OH.HCI (1 mole) in pres, of cone. aq. CaCl 2 (2 moles) at 50-60° (135) 
gives trichloroacetaldoxime, m.p. 56° (135), 39-40° (334), b.p. 85° at 20 mm. (135).] 

[C as chloral hydrate (3:1270) with NH 2 OH.HCI (3 moles) in aq. Na 2 C 03 /aq. NaOH 
as directed (136) (137) gives (yields: 50% (137), 40% (136) (138)) the alkali-stable form 
of chloro-oximino-acetaldehyde oxime (“ chloroamphiglyoxime ^’) [Beil. III-605, IHi- 
(216), IIl 2 -( 393 )], ndls. of monohydrate from boilg. aq., m.p. 114° (136) (138) cf. (137); 
note that this prod, in dry ether with HCl gas (136) or with fumg. HCl (138) isomerizes 
to the acid-stable form (“ cliloroantiglyoxime **) [Beil. III-606, IIIi-(216), IIl 2 -( 393 )], 

m. p. 161° (138), 161° dec. (136).] 

[Note, however, that chloral hydrate (3:1270) (1 mole) with NH 2 OH.HCI (2 moles) 
powdered with dry Na 2 C 03 (1 mole), allowed to stand in a desiccator some hours, then 
dissolved in aq. and extracted with ether gives (139) an addition product, cryst. from ether, 
CHCI 3 , or CeHe, m.p. 98°, regarded as chloralhydroxylamine, CCl 3 .CH(OH).NH.OH.J 

[For behavior of 6 with NH 2 OH.HCI -f aniline giving isatin see below under reaction 
of C with primary aromatic amines.] 


With Hydrazine 

[C as chloral hydrate (3:1270) with hydrazine hydrate in aq. (140), ether (141), or 
AoOH (142), or merely fused with hydrazine hydrochloride or sulfate (143), appears to 
give first the expected addition product, viz., chloralhydrazine, CCl 8 .CH(OH).NH.NH 2 , 
ndls. from ale., m.p. 100° (141), 85° dec. (140); note, however, that this structure is not 
certain and that the material readily changes to a compound C 4 H 2 ON 2 CI 6 , m.p. 187° cf. 
(140) (141) (142) (143).] 

Behavior op C with Miscellaneous Inorganic Reactants 
With various compounds of phosphorus. [C with PCls in acetone gives a product 

regarded (144) cf. (146) as CCU-CHC^^^PCla, b.p. 238-242°, accompanied by tetra- 

chloroethylene (3:6460) and pentachloroethane (3:6880).] 

[C with PClsBr 2 is claimed (146) to give l,l-dibromo-2,2,2-trichloroethane [Beil. 1-93, 
l^m)]y b.p. 9^96° at 14-16 mm., Bi® * « 2.296, ng ^ » 1.52991 (146).] 
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[6 with P2SB in s.t. at 160-170® gives <147) a complicated reaction mixture from which 
only trichloroethylene (3:5170) has been identified.] 

With various salts of inorganic acids (for KCN see further below). 

With alkali bisulfites (or sulfites). [C or its hydrate (3:1270) with aq. alk. bisulfites 
(81) (149) reacts readily; for discussion of products see (81) (150) (151).] 

With hydrogen peroxide. [C with H2O2 in ether (151), or C with K2S2O8 + H2SO4 at 
ord. temp., jpves (152) dichloralperoxide hydrate,” viz., CCl3.CH(OH) — O.O.CH(OH).- 
CCla, cryst. from CeHs or CHCI3, m.p. 122® dec.] 

CHEMICAL BEHAVIOR OF C WITH ORGANIC REACTANTS 
Behavior op C with Hydrocarbons 

With alkanes. [C with aliphatic hydrocarbons in presence of AICI3 reacts violently, 
but no definite products have been isolated (153).] 

With aromatic hydrocarbons. C with aromatic hydrocarbons in presence of H2SO4 
or other condensing agent (note that, when H2SO4 is present in large excess, chloral hydrate 
(3:1270) is frequently substituted for C) reacts in either or both of two modes: C with 
1 mole of hydrocarbon giving trichloromethyharyl-carbinols, C with 2 moles of hydro- 
carbon giving l,l,l-trichloro-2,2-diarylethanes. Although reaction of C with hydrocarbons 
cannot here be summarized for all possible cases, yet the following examples will exemplify 
both modes of reaction. 

[C with CeHe + AICI3 (154) (156) or chloral hydrate (3:1270) with CeHe + AICI3 
(153) cf. (158) (162) or with CeHe 4 - cone. H2SO4 (155) gives trichloromethyl-phenyl- 
carbinol [Beil. VI-476, Vli-(237)], m.p. 37*^ (155), b.p. 145*^ at 15 imn. (155) (corresp. 
acetate, m.p. 87.5® (155); corresp. benzoate, m.p. 97.5® (155); corresp. p-nitrobenzoate, 
m.p. 109° (156)) accompanied (155) by l,l,l-trichloro-2,2-diphenylethane (3:1420), the 
latter also obtainable from C + CeHe with cone. H2SO4 (157) or with AICI3 in CS2 (80% 
yield (162)).] 

[C with toluene + AICI3 (154) or chloral hydrate (3:1270) (3 moles) with toluene 
(1 mole) 4 - cone. H2SO4 (155) gives tricliloromethyl-p-tolylcarbinol (Beil. VI-508, VIi- 
(255)], m.p. 63-64® (154), 63® (155), 61.5-62.5® (159), 58-59® (160); b.p. 155® at 13.5 mm. 
(155), 154-156® at 13.5 mm. (154) (corresp. acetate, m.p. 107.5® (155), 105-106® (160); 
corresp. benzoate, m.p. 100.5® (155), 94-95® (160)). — On the other hand C with toluene 
(2 moles) in pres, of H2SO4 (161), or AICI3 (153) in CS2 at 0® (162) gives (80% yield (162)) 

l, l,l-trichloro-2,2-6t5-(7>tolyl)ethane (Beil. V-619, Vi-(292), V2-(622)], m.p. 89® (161) 
(162) (155), also obtained as by-product of the above carbinol (155); for study of loss of 
HCl with ale. KOH yielding l,l-dichloro-2,2-di-(p-tolyl)ethylene (Beil. V-648, V2-(559)], 

m. p. 92° (161), 85® (lb) see (161) (162) (163).] 

(For generally analogous behavior of C with other aromatic hydrocarbons such as ter- 
butylbenzene (405), m-xylene (153) (163), ethylbenzene (155), naphthalene (164), anthra- 
cene (164), or phenanthrene (164) in presence of condensing agents see indie, refs.] 


Behavior of C with Aryl Halides 

With chlorobenzene. [That C with chlorobenzene (3:7903) (1 mole) 4- cone. H2SO4 
gives the expected trichloromethyl-p-chlorophenyl-carbinol, b.p. 187-188® at 26 mm. 
(165) (corresp. acetate, m.p. 120-121® (165); corresp. benzoate, m.p. 128-129® (165)), has 
never been reported, this prod, having been obtd. only by condensation of p-chlorobenzalde- 
hyde (3:0765) with CHCU (3:5050) in pres, of KOH (23.5% yield (166)). 

However, C or chloral hydrate with chlorobenzene (2 moles) 4- cone. H2SO4 gives the 
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extremely important l,l,l-trichloro-2,2-feis-(p-chlorophenyl)ethane (“DDT”) (3:3298) 
whose text should be consulted for further details. 

With bromobenzene. [That C with bromobenzene (1 mole) -h cone. H 2 SO 4 gives the 
expected trichloromethyl-p-bromophenyl-carbinol, b.p. 183-187° at 18 mm. (166) (corresp. 
acetate, m.p. 145-147° (166)), has never been reported, this product having been obtd. 
(29% yield (166)) only by reaction of C with p-Br.C 6 H 4 .MgCl.] 

[However, C or chloral hydrate (3 : 1270) with bromobenzene (2 moles) + cone. H 2 SO 4 + 
fumg. H 2 SO 4 gives (167) (168) l,l,l-trichloro- 2 , 2 - 6 is-(p-bromophenyl)ethane, m.p. 144° 
(167), 139-141° (168); note that this prod, with ale. KOH loses HCl, giving (82% yield 

(167) (168)) l,l-dichloro-2,2.5is-(p-bromophenyl)ethylene, m.p. 123.5° (167), 119-120° 

(168) .l 

With iodobenzene. [The carbinol to be expected from C with iodobenzene (1 mole) + 
cone. H 2 SO 4 has not been reported.] 

[However, C with iodobenzene (2 moles) + cone. H 2 SO 4 gives (155) 1 , 1 , 1 -trichloro- 
2,2-6i»-(p-iodophenyl)ethane, m.p. 172° (155).] 


Behavior of C with Organic Hydroxy Compounds 
With Alcohols 

General. Since C is an aldehyde, it may be cxi)cctcd (at least with the assistance of 
a condensing agent such as dry HCl) to react with 1 mole of an alcohol to yield the cor- 
responding hemiacetal, CCl 3 .CH(OH)R, with 2 moles of an alcohol to give the correspond- 
ing acetal, CCl 3 .CH(OR) 2 , particularly since both these types of products are well known. 

However, the special influence of the — CCI 3 group becomes apparent in this reaction 
and only the first type (hcmiacetals) are usually obtained by direct condensation, the 
latter (acetals) being obtained indirectly. Moreover, members of the first group (hemi- 
acetals) are formed with extreme ease (even in absence of condensing agents) so that, by 
analogy to the combination of chloral with water to give cliloral hydrate (3:1270), they 
are generically designated as chloral alcoholates; e.g., chloral methylalcoholate, chloral 
ethylalcoholate, etc. Corresponding reaction of several molecules of chloral with multi- 
hydric alcohols can also occur as illustrated below. 

The formation of these chloralalcoholates is profoundly influenced by conditions (es- 
pecially the solvent (169)); furthermore, they readily dissociate into their original com- 
ponents on heating and, therefore, on heating in other alcohols (170) (171) or orthoformate 
esters of other alcohols (170) suffer reactions involving redistribution of the various alkyl 
radicals. 

With monohydric alcohols. Although reaction of C with all possible monohydric alcohols 
obviously cannot be included here, the following examples will serve to exemplify the 
reaction. 

With methyl alcohol. [C with MeOH (1:6120) (1 mole) gives (171) (172) (173) (174), 
trichloroacetaldehyde monomethylacetal (chloral methylalcoholate), hygroscopic ndls., 
m.p. abt. 50° (172), 38° (171), b.p. 116° (173), 106° (172), 98° (174) (corresp. carbamate, 
m.p. 121° (175)). — Note that trichloroacetaldehyde dimethylacetal, CCl 3 .CH(OCH 3)2 
[Beil. 1-621, l 2 -( 681 )], b.p. 183.2° cor. (176), 68-69° at 10 mm. (177), is obtd. by indirect 
means; note incidentally that this acetal is isomeric with butyrchloral hydrate (3 : 1905) 
and with chloral ethylalcoholate (3:0860).] 

With ethyl alcohol. [C with EtOH (1 : 6130) gives trichloroacetaldehyde monoethylacetal 
(chloral ethylalcoholate) (3:0860), q.v. for details. For the corresp. acetal, viz., trichloro- 
acetaldehyde diethylacetal, CC18.CH (C>C 2 H 6 ) 2 , b.p. 204°, see its own text as 3:6317. 
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Wiih nrpr(ypyl alcohol [C with n-PrOH (1:6150) (178) (171) (170), or with NaO-ii-Pr 

(179) or chloral hydrate (3:1270) with n-PrOH (1:6150) (170) gives (yields: 90% (178), 

77-90% (170)) trichloroacetaldehyde Ti-propylhemiacetal (chloral n-propylalcoholate), 
liquid, b.p. 119-121® at 742.4 mm. (170), 120-122® (178), = 1.2996 (170), - 

1.4622. (Note that the corresp. trichloroacetaldehyde di-ri-propylacetal is unreported.)] 

With isopropyl alcohol. [C with iso-PrOH (1:6135) (178) (171) gives trichloroacetalde- 
hyde isopropylhemiacetal (chloral isopropylalcoholate), m.p. 47® (178), 45° (171); b.p. 
108® (178) (note that the corresp. trichloroacetaldehyde di-isopropylacetal is unreported).] 

With n-huiyl alcohol. [C with n-BuOH (1:6180) gives (171) (179) (170) trichloro- 
acetaldehyde n-butylhemiacetal (chloroal n-butylalcoholate) (3:0843), m.p. 49-60° (180), 
49° (171) (170); b.p. 129-130® at 742 mm. (170) (note that corresp. trichloroacetaldehyde 
di-n-butylacetal is unreported).] 

With isobutyl alcohol. [C with iso-BuOH (1:6165) gives (180) trichloroacetaldehyde 
isobutylhemiacetal (chloral isobutylalcoholate), liquid, b.p. 122 ® without decompn. (180); 
note that trichloroacetaldehyde df-isobutylacetal, b.p. 241.8® at 760 mm. (181), has been 
prepared indirectly).} 

With sec-butyl alcohol. [C with butanol-2 (1:6155) gives (180) (171) trichloroacetalde- 
hyde scc-butylhemiacet-al (chloral sec-butylalcoholate), m.p. 12 ® (171), b.p. 120 - 121 ° 

(180) ; note that the corresp. trichloroacetaldehyde di-sec-butylacetal is unreported.] 

With ter-butyl alcohol. [C with ter-butyl ale. (1:6140) gives (171) trichloroacetaldehyde 

/er-butylhemiacctal (chloral <€r-butylalcoholate), m.p. 43® (171) (note that the corresp. 
trichloroacetaldehyde di-<er-butylacetal is unreported).] 

With other monohydric alcohols. [For analogous formn. of hemiacetals from C with 
isoamyl ale. (1:6200) (180), with i^r-AmOH (1:6160) (171), with allyl ale. (1:6146) (99), 
with n-octyl ale. (1:6255) (171), with benzyl ale. (1:64^) (171), with cinnamyl ale. 
(1:5920) (171), with methyl-neopentyl-carbmol (182), or with /3,/3,/3-trichloro-ter-butyl 
alcohol (‘‘ Chloretone ^’) (3:2662) (183) see indie, refs ] 

With dihydric alcohols. With ethylene glycol. [C (1 mole) with ethylene glycol (1:6465) 
(1 mole) at 0° for 2 weeks gives (184) cf. (185) trichloroacetaldehyde (/3-hydroxyethyl)- 
hemiacetal (“chloral ethyleneglycolate ”), m.p. 50-51° (184), 42® (185); note that this 
product with cone. H 2 SO 4 on stdg. or htg. loses 1 H 2 O with ring closure to the cyclic acetal, 
2-(trichloromethyl)-l,3-dioxolanc, m.p. 40® (184). — However, C (2 moles) with ethylene 
glycol (1:6465) (1 mole) gives (186) cf. (185) ethylene glycol l,2-5is-(/3,^,/3-trichloro-a- 
hydroxyethyl) ether, which on distn. at ord. press, also gives (186) the above 2 -(trichloro- 
methyl)-l,3-dioxolane, m.p. 42° (186).] 

With polyhydric alcohols. With glycerol. [For behavior of C with glycerol (1:6540) 
see (186) (184).] 

With erythritol. [For behavior of C with erythritol (1 :5825) see (186).] 

With various carbohydrates. C combines with various polyhydroxy compounds of the 
carbohydrate type to give products collectively designated as ehloraloscs. Such combina- 
tions can be effected with pentoses or hexoses, with various stereoisomers within any such 
group, and more than one molecule of chloral per mole of carbohydrate is sometimes 
involved. In the light of modern work these chloraloses are probably cyclic acetals. 
Although space cannot here be taken for an extensive record, the following comments will 
serve as starting points for further exploration. 

The most important chloralose is that derived from d-glucose and often indexed as 
glucochloralose. Two forms of this compound are known, viz., a-glucochloralose and / 3 - 
glucochloralose; for important studies of their structures see (187) (188). For study of 
^-xylochloralose see (189). 

For important (but older) factual data on chloraloses see (190) (191) (192). 
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Although the biochemical and physiological aspects of the chloraloses cannot be treated 
here, attention is called to severi recent papers <193) (194) (195) (196) relative to their 
detection and determination, especially in body fluids. 


With Phenols 

Because in phenols there is involved not only the H of the OH group but also reactive 
H of the aromatic nucleus, their condensation with C may lead to various products ac- 
cording to circumstances. 

With monohydric phenols. With phenol. [C (1 mole) with phenol (1 : 1420) (1 mole) + 
small amt. dry K 2 CO 3 in CHCI 3 gives (7.5% yield (148)) trichloroacetaldehyde phenyl- 
hemiacetal, m.p. 15-18®, and rather unstable (148); note that the corresp. trichloroacetalde- 
hyde diphenylacetal is unreported. — However, C with phenol -f- dry K2CO3 as directed 

(197) (198), or chloral hydrate (3 : 1270) with phenol -f- dry K 2 CO 3 on fusion and long stdg. 
(199), gives trichloromethyl-(p-hydroxyphcnyl)-carbinol (corresp. diacetate, m.p. 155® 

(198) , corresp. dibenzoate, m.p. 132® (198)).] 

[C (1 mole) with phenol (1:1420) (2 moles) in ACOH/H 2 SO 4 (200) cf. (199) or in pres, 
of Alois (153), or cUoral hydrate (3:1270) (1 mole) with phenol (1:1420) (2 moles) -f 
conc. H 2 SO 4 (201) (202), gives (80% yield (201)) l,l,l-trichloro- 2 , 2 - 6 is-( 7 >-hydroxyphenyl)- 
ethane [Bed. VI-1006, VIr(491)], m.p. 212® (153), 202 ® ( 201 ) (199), 202® dec. (200), 199- 
200 ® ( 202 ).] 

[For different behavior of C m large excess with phenol (1 : 1420) -f cone. H 2 SO 4 see 
(207).] 

With p<reBol. [C (1 mole) with p-cresol (1:1410) (1 mole) + dry K 2 CO 3 in CHCI 3 
gives (^% yield (148)) cf. (203) trichloroacetaldehyde p-tolyhemiacetal, m.p. 52-56® 
(203), 46-47® (48); note, however, that the corresp. trichloroacetaldehyde di-p-tolylacetal 
is unreported. — However, C (1 mole) with p-cresol (1 : 1410) (1 mole) -f dry K 2 CO 3 as 
directed (197) (198) (199), or chloral hydrate (3:1270) + p-cresol + dry HCl (148), gives 
trichloromethyl-(2-hydroxy-5-methylphenyl)-carbinol, m.p. 147-148® (197) (199) (148) 
(corresp. diacetate, m.p. 106® (198) 104.5® (148); corresp. dibenzoate, m.p. 139® (198)).] 

(Note that chloral hydrate (3:1270) with o-cresol (1 : 1400) or with 7 ?i-cresol (1 : 1730) -f 
conc. H 2 SO 4 gives ( 202 ) products presumably to be regarded respectively as 1 , 1 , 1 -tricliloro- 
2,2-6M^(4-hydroxy-3-methylphenyl)ethane, m.p. 121-122°, and as l,l,l-trichloro-2,2-6M- 
(4-hydroxy-2-methylphenyl)ethane, m.p. 162-163®, although no other record of these 
compounds is reported.] 

WUh other monohydric phenols. [For hemiacetal formn. in pres, of K 2 CO 3 or Na^COs 
from C -h other phenols, such as o-methoxyphenol (guaiacol) (1 : 1405) (197) (198) (199) 
<^ethoxyphenol (1:1745) (204), 2,6-dimethoxyphenol (205) (206), o-chlorophenol (3:5980) 
(197), p-chlorophenol (3:0475) (197), see indie, refs.] 

With polyhydric phenols; [For hemiacetal formns. in pres, of K 2 CO 3 from C with 
polyhydric phenols, such as pyrocatechol (1:1520) (198) (199), resorcinol (1:1530) (198) 
U99), see indie, refs.] 


Behavior op C with Organic SH Compounds (Mercaptans and Thiophbnols) 

C with RSH compds. in pres, of dry HCl combines mole for mole yielding monothio- 
hemiacetals of the type CCl8*CH(OH).SR. [e.g., for behavior of C in dry CeHe -j- dry 
HCl with ethyl, n-butyl, and benzyl mercaptans, or with thiophenol, p-chlorothiophenol 
or p-thiocresol, see (8); for study of vapor-phase reaction of C -f mercaptans see (208).] 
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Berayior of C with Phenol Eihebs 
With Ethers of Monohydric Phenols 

With phenyl methyl ether (anisole). [C with 2 moles anisole (1:7445) + cone. H 2 SO 4 
or AlCla (153) (162) or chloral hydrate (3:1270) with 2 moles anisole (1:7445) in AcOH/ 
H 2 SO 4 (201) gives (yields: 94% (162), 90% (201)) l,l,l-trichloro-2,2-6M-(p-methoxy- 
phenyDethane [Beil. VI-1007, VIi-(491)l, m.p. 94° (162), 92° (201), 89° (209), 78° (153). — 
Note that neither trichloroacetaldehyde p-methoxyphenylhemiacetal nor trichloroacetaide- 
hyde di-(p-methoxyphenyl)acetal is reported.) 

With phenyl ethyl ether (phenetole). [C with 2 moles phenetole (1:7485) -f cone. 
H 2 SO 4 or AICI 3 (153) (162) or chloral hydrate (3:1270) with 2 moles phenetole (1:7485) 
in ACOH/H 2 SO 4 (209) gives (91% yield (162)) l,l,l-trichloro-2,2-W«-(p-ethoxyphenyl)- 
ethane [Bed. Vl-1007, VIi-(491)l, m.p. 105.3° (162), 105° (209). — Note that neither tri- 
chloroacetaldehyde p-ethoxyphenylhemiacetal nor trichloroacetaldehyde di-(p-ethoxy- 
phenyl)acetal is reported.) 

With ethers of other monohydric phenols. [For analogous prepn. of other 1,1,1-trichloro- 
2,2-di(alkoxyaryl)ethanes from C with p-cresol methyl ether (1:7495) (162), p-cresol 
ethyl ether (1:7535) (162), ethyl a-naphthyl ether (1:7635) (201), and ethyl /3-naphthyl 
ether (1:7135) (201) see indie, refs.] 

With Ethers of Dihydric Phenols 

With pyrocatechol dimethyl ether (veratrole). (For behavior of chloral hydrate (3 : 1270) 
with veratrole (1:7560) -}- cone. H 2 SO 4 yielding (210) l,l,l-trichloro-2,2-5w-(3,4^meth- 
oxyphenyl)ethane [Beil. VI-1172], m.p. 116-119° (211), see indie, refs.) 

With hydroquinone dimethyl ether. [C with hydroquinone dimethyl ether (1:7160) 
in ACOH/H 2 SO 4 gives (212) l,l,l-trichloro-2,2-6w-(2,6-dimethoxyphenyl)ethane [Beil. 
VI-11721, m.p. 123° (212).] 

Behavior of C with Aldehydes 
With Formaldehyde 

[Chloral hydrate (3:1270) (2 parts) with 40% aq. formaldehyde (formalin) (1:0145) 
(1 part) -f cone. H 2 SO 4 as directed (213) gives both 2,4-6i»-(trichloromethyl)-l,3,5-trioxane 
(“ hexachlorodimethyltrioxin ”) [Beil. XIX-384], m.p. 129°, and 2,6-6M-(trichloromethyl)- 
tetramethylenetetroxide- 1 ,3,5,7 C hexachlorodimethyltetroxan ”) [Beil. XIX-4341, m.p. 
189°.] 

Behavior with Ketones 

[C with acetone (1:5400) in AcOH in s.t. at 100-150° for 15 hrs. (398) (399) cf. (400) 

(401) gives by addition the corresp. carbinol, viz., trichloromethyl-acetonyl-carbinol 
(“ chloralacetone ”) [Beil. 1-831, l2-(872)], cryst. from Igr., m.p. 75-76° (398) (399) (401) 
(corresp. oxime, m.p. 104-106° (399), 95-105° (402)).] 

[C with methyl phenyl ketone (acetophenone) (1:5515) in AcOH refluxed 20 hrs. (398) 

(402) or at 135° (399) gives (45% yield (400)) by addition the corresp. carbinol, viz., tri- 
chloromethyl-phenacyl-carbinol (“ chloralacetophenone ”) [Beil. VIII-116], m.p. 76-77° 
(398), 76° (399), 68-70° (400) (corresp. oxime, m.p. 135-137° (402), 131-132° (399)).] 

[For behavior of chloral hydrate (3:1270) with acetophenone (1:5515) or benzophenone 
(1:5150) in pres, of AlCls see (153).] 

Behavior with Ketenes 

[For reaction of C with diphenylketene in s.t. at 130° for 12 hrs. see (214).] 
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Behavior with Organic Acids 
Wiih Adds Containing No Other Functional Group 

[For behavior of C with AcOH in pres, of AICI 3 see (153); with Hg(OAc )2 + ethylene 
in ale. soln. giving a prod, possibly having the structure CCl 3 .CH(OC 2 H 5 ) (OCH 2 CH 2 - 
HgOAc) see (215).] 

[Note that C is able to add to its carbonyl group a reactive H atom derived from certain 
acids [e.g., C with maJonic acid (1:0480) in AcOH at 100° for 40 hrs. (216) cf. (217), or 
in pyridine at 100° for 2 hrs. (67.5% yield (218)) cf. (219), or chloral hydrate (3:1270) -j- 
malonic acid (1:0480) pyridine at 100 ° ( 220 ) gives (note loss of CO 2 ) 7 , 7 i 7 “trichloro- 
/3-hydroxy-n-butyric acid [Beil. III-310, llli-(117), 1 II 2 -( 221 )], m.p. 118-119° (217) (218), 
118.5° (216) (note hydrate, m.p. 52-54° (218)); note also that by further elimination of 
H 2 O (e.g., with AC 2 O + NaOAc (217)) this prod, yields 7 , 7 , 7 -trichlorocrotonic acid [Beil. 
11-418, IIi-(l^), Il 2 -( 397 )], m.p. 113-114° (217).] 

[Similarly, C adds one of the a H atoms from succinic acid (1:0530): e.g., C with di- 
sodium succinate + AC 2 O yields an intangible intermediate which suffers two types of 
further change, on one hand losing H 2 O to give trichloromethylparaconic acid (/3-carboxy- 
7 -trichloromethyl- 7 -butyrolactone) [Beil. XVlII-372], and on the other suffering hydrolysis 
of its — CCI3 group to give isocitric acid (a-hydroxypropane-a,/ 3 , 7 -tricarboxylic acid) 
[Beil. I1I-555, IIl 2 -( 359 )]; for details of execution of these reactions see ( 221 ).] 

With a-Hydroxy Acids 

Condensation of C (or its hydrate) with acids containing an a-hydroxy group leads to 
the formation of products generically designated as “ chloralides these are ether-esters 
comprising position-5 substitution products of the true parent 2-(trichloromethyl)-l,3- 
dioxolanone-4 (from a-hydroxyacetic acid) and are not to be confused with the specific 
compound “ chloralide ** (3:3510) obtd. from C with H 2 SO 4 . With true chloralides above 
the initial parent, two geometrically isomeric forms are possible. 

With a-hydrozyacetic acid. [C with glycohc acid (1:0430) in s.t. at 120-130° for 2 
days gives (224) 2-(trichloromethyl)-l,3-dioxolanone-4 (“glycolic acid chioralide”) 
[Bed. XIX-103], m.p. 41-42°.] 

With lactic acid. [C with anhydrous lactic acid (1 :0400) in s.t. at 150-160° (225) (224) 
or better chloral hydrate (3:1270) with lactic acid (1:0400) + cone. H2SO4 (226) (227) 

(228) (229) gives 2-(trichloromethyl)-5-methyl-l,.3-dioxolanone-4 (“ lactic acid chloralide ”) 
[Beil. XIX-105], m.p. 45° (226) (227), b.p. 222-224° (224) (225), 218-220° at 714 mm. (226); 
note, however, that two geom. isomers, cisj m.p. 56°, and trans, b.p. 210 - 212 °, are claimed 

(229) .] 

\^th malic acid. [C with Amalie acid (1:0450) at 120-130° for 20 hrs. (224), or chloral 
hydrate (3:1270) with ^-malic acid (1:0450) -h cone. H2SO4 (230) (228), gives 2-(trichloro- 
methyl)-6-(carboxymethyl)-l,3-dioxolanone-4 (“ 1-malic acid chloralide ”), m.p. 141° 

(230) , 139-140° (224) (228): note, however, that chloral hydrate (3:1270) -|- d,^malic 
acid 4- cone. H 2 SO 4 at room temperature overnight gives (59% yield (231)), m.p. 180- 
181°.] 

With citric acid. [Chloral hydrate (3:1270) with citric acid (1:0455) -f cone. H 2 SO 4 
gives (228) (231) 2-(trichloromethyl)-5,5-6t»-(carboxymethyl)l,3-dioxolanone-4 (CgHgOT- 
Qa), m.p. 164° (231), 161° (228).] 

With mandelic acid. [C with d,^>mandelic acid (1:0465) at 120° (224) cf. (227), or 
chloral hydrate (3:1270) with d,i-mandelic acid (1:0465) + cone. H 2 SO 4 (228) (231), 
gives 2-(trichloromethyl)-6-phenyl-l,3-dioxoIanone-4 [Beil. XIX-129], m.p. 82-83° (224) 
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<228), 70-71® (231), 50-60® (227); note that this disafq’eement of m.p.’s may be due to 
mixtures of possible ds’-trans stereoisomers.] • 

With benzilic acid. [C with benzilic acid (1:0770) in s.t. at 160-165® for 5 hrs. gives 
(231) 2-(trichloromethyl)-5,5-diphenyl-l,3-dioxolanone-4 (*' benzilic acid chloralide ”), 
m.p. 70°. Note that an analogous prod, has been reported (232) from chloral hydrate 
(3:1270) with thiobenzilic acid, (C 6 Hb) 2 C(SH)COOH in AcOH + HCl gas.] 

With tartaric acid. [Since this acid is twice an a-hydroxy acid it reacts with 2 moles 
of C forming a dichloralide* of compn. C 8 H 4 O 6 CI 6 : e.g., C with d-tartaric acid (1:0525) at 
150° (224), or chloral hydrate (3:1270) with d-tartaric acid (1:0525) (227) (228) (229) 
(230) (231) or d,^tartaric acid (1:0550) (227) (228) gives “tartaric acid dichloralide^’ 
[Beil. XIX-449], m.p. 213-215° (229); 164^-166° (227), 161-162° (231), 161° (229), 160° 
(228), 150-161° (227); 128-130° (228), 122-124® (224), 116-118° (227). Note that this 
product should exist in three stereoisomeric forms (230), and the three groups of m.p.’s 
above given may represent this expectation.] 

With mucic acid. This acid combines with 3 moles of chloral hydrate to give a prod, 
commonly called a “ trichloralide ”; note, however, that it is undoubtedly a dichloralide 
which has further condensed at its two free OH groups with a third molecule of chloral 
[e.g., chloral hydrate (3:1270) with mucic acid (1:0845) -f- H 2 SO 4 gives (228) (229) a 
“trichloralide,” m.p. 200-201° (228), 198° (229), 174r-175° (229); doubtless these represent 
at least two stereoisomeric forms]. 

With Phenolic Acids (or Their Ethers) 

In condensation of C (or its hydrate) with phenolic acids, the latter behave like carboxy- 
substituted phenols; two series of products result according to whether cm or tvx} moles 
of carboxy-phenol are involved per mole of chloral. To assist in recognizing this analogy, 
the several products are here named as substituted carbinols or ethanes just as was done 
above in the behavior of C with phenols (q.v.). Since the methyl ethers of these phenolic 
acids in general behave similarly, they are associated below with the corresponding phenolic 
acids. 

With o-phenoUc acids. With o-hydroxyhemoic acid. [Chloral hydrate (3:1270) with 
salicylic acid (1:0780) + cone. H 2 SO 4 gives (233) cf. (234) some 1,1,1-trichloromethyl- 
(4-hydroxy-3-carboxyphenyl)-carbmol, m.p. 180-182° (233), but main prod, is 1,1,1- 
trichloro-2,2-6i5-(4-hydroxy-3-carboxyphenyl)ethane, m.p. 290-292° (corresp. diacetate, 
m.p. 207-209° (233)).] 

With o-methoxybenzoic acid. [Chloral hydrate (3:1270) with o-mothoxy benzoic acid 
(1:0685) + cone. H 2 SO 4 gives (yields: 45% (234), 25% (235)) l,l,l-trichloro-(4-methoxy- 
3-carboxyphenyl)-carbinol, m.p. 224° (234), 216° (235), some sulfonation also occurring 
(235).] 

With ^diydroxyS-methylhemoic acid. [Chloral hydrate (3:1270) with o-cresotic acid 
[Beil. X-220, Xi-(96)] + cone. H 2 SO 4 gives (236) l,l,l-trichloro-2,2-6M-(4-hydioxy-3- 
methyl-5-carboxyphenyl)ethane, m.p. 283-285° (236): note that the corresp. carbinol 
to be expected from chloral hydrate + 1 mole o-cresotic acid is unreported.] 

With S~hydroxy-4-methylb€moic acid. [Chloral hydrate (3:1270) with m-cresotic acid 
[Beil. X-233, Xi-(IOO)] is complex and disputed; for discussion see (236) (237) (238) (239). 
— For behavior of C with 2-methoxy-4-methylbenzoic acid see also (241).] 

With ^-hydroxyS-methylhenzoic acid. [Chloral hydrate (3:1270) with p-cresotic acid 
[Beil. X-227, Xi-(98)] -|- cone. H 2 SO 4 gives (236) a prod, of compn. C 12 H 8 O 4 CI 6 (2,4-6m- 
(trichloromethyl)-6-methyl-l,3-benzdioxin-8-carboxylic acid), m.p. 285-286° dec., derived 
from 2 moles chloral hydrate -f- 1 mole p-cresotic acid.] 
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WUh B’-hydraxyS-naphthoic acid. [For behavior of chloral hydrate (3:1270) with 2- 
hydroxy-3-naphthoic acid (1:0860) + cone. H 2 SO 4 see (242).l 

With m-phenolic acids (or their ethers). Condensation of C or its hydrate with m- 
phenolio acids leads generally to substituted phthalides. 

With mrhydroxybenzoic acid. [Chloral hydrate (3:1270) with m-hydroxybenzoic acid 
(1:0825) + cone. H 2 SO 4 gi^es (243) (244) 3-(trichloromethyl)-6-hydroxyphthalide 
[Beil. XVIII-20], m.p. 199-200® (244), 197-198® (243). — Note that chloral hydrate 
(3:1270) with ethyl m-methoxybenzoate (1:4131) + cone. H 2 SO 4 gives (243) (245) 3- 
(trichloromethyl)-6-methoxyphthalide [Beil. XVIII-20], m.p. 135° (243) (245), which by 
alk. hydrol. of the — CCI 3 group gives (243) (245) 6-methoxyphthalide-3-carboxylic acid 
[Beil. XVIII-525], m.p. 170® (245), 169-170® (243).] 

Wi^ B-chloro^-hydroxyhemoic add. [Chloral hydrate (3 : 1270) with 2-chloro-3-hydroxy- 
benzoic acid (3:4395) -|- cone. H 2 SO 4 gives (246) 3-(trichloromethyl)-7-chloro-6- 
hydroxyphthalide, m.p. 195.5-196°.] 

With 4'^dhyl-3-hydroxyhemoic add. [Chloral hydrate (3:1270) with 4-methyl-3- 
hydroxybenzoic acid [Beil. X-237] + cone. H 2 SO 4 gives (247) 3-(trichloromethyl)-5- 
methyl-6-hydroxyphthalide, m.p. 232® (247). — Similarly, chloral hydrate (3:1270) with 
4-methyl-3-methoxybenzoic acid -f cone. II 2 SO 4 gives (247) 3-(trichloromethyl)-5-methyl- 
6-methoxyphthalide, m.p. 132® (247).] 

With 3,4,64rihydroxybmzoic acid. [Chloral hydrate (3:1270) with gallic acid (1:0876) 
-h cone. H 2 SO 4 gives (236) according to conditions three different products: with excess 
of gallic acid prod, is 3-(trichloromethyl)-4,5,6-trihydroxyphthalide, m.p. 210-212® (236), 
for further reactions of which see (236) (248); with excess chloral, however, the reaction 
gives two other materials (236). — Note that chloral hydrate (3 : 1270) with 3,4,5-tri- 
methoxybenzoic acid (gallic acid trimethyl ether) [Beil. X-481, Xi-(240)] + cone. H 2 SO 4 
(249) (250) (251), or with methyl 3,4,5-trimethoxybenzoate (methyl gallatc trimethyl 
ether) [Beil. X-484, Xi-(242)] (252), gives (56% yield (249)) 3-(trichloromethyl)-4,5,6- 
trimethoxyphthalide [Beil. XVIIIi-(389)], m.p. 76-77® (249), 71-72® (250), 70-71® (252) 
(note also that during condensation some demethylation may occur (253), avoided by 
(251)); this prod, by hydrolysis of the trichloromethyl group yields 4,5,6-trimethoxy- 
phthalide-3-carboxyHc acid [Beil. XVIIIi-(644)], m.p. 147-149® (249), 147-148® (250), 
147® (251), 146-149® (254), 142-143® (252).] 

With ^-phenolic acids (or their ethers). With p-hydroxybemoic add. [Chloral hydrate 
(3:1270) (3 moles) with p-hydroxybenzoic acid (1:0840) (1 mole) -h cone. H 2 SO 4 
at room temp, for 3 days condenses giving (31% yield on the acid (255)) 2, 4-5is- (trichloro- 
methyl )benzodioxin-l,3-carboxylic acid- 6 , m.p. 225.5-226.5® (265); for further related 
reactions of this prod, see (256); for further generally similar work in benzodioxin series 
see (257) (258); note that neither the substituted carbinol nor the substituted ethane 
corresp. to the behavior of o-hydroxy benzoic acid (see above) under similar conditions 
is reported.] 

With jhmelhoxybemoic add. [Chloral hydrate (3:1270) with p-anisic acid (1:0805) 
+ cone. H2SO4 reacts in a 1 : 1 ratio (note difference from 2 : 1 ratio in preceding paragraph) 
giving (269) cf. (235) trichloromethyl-(2-methoxy-5-carboxyphenyl)-carbinol,' m.p. 198- 
199® (259); note that the earlier product (235) was impure.] 

WUh 4-hydroxy^3,6-dirndhoxyhenzoic add. [Chloral hydrate (3:1270) with syringic 
acid (1:0830) + cone. H 2 SO 4 gives (86% yield (253)) 3- (trichloromethyl )-6-hydroxy-4,6- 
dimeAoxyphthalide, m.p. 172-173® (253).] 

With keto acids (see also below under behavior with esters of organic acids). 

WUh levulinic add. [C (1 mole) with p-acetopropionic acid (levulinic acid) (1:0405) 
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in pres, of NaOAc refluxed 4 hrs. gives (30% yield <271 » a-(trichloroethylidene)-/9-aoeto- 
propionic acid, m.p. 113.5'* (271).] 

Behavior with Esters of Organic Acids 

(Note that C does not <170) react with orthoformates (difference from chloral hydrate 
(3 : 1270) q.v. — Note that C with esters of a-ketoacids on htg. gives <260) 6-6ubstituted- 
2-(trichloro)-l,3-dioxolanone-4*s, such esters reacting in their enolic forms as esters of 
a-hydroxy unsaturated acids; for such products from ethyl acetopyruvate [Beil. III-747, 
IIIi-(261), IIl2-(465)] <261) or from ethyl benzoylpyruvate (Beil. X-815, Xi-(396)] see 
<260). — 6 with ethyl acetoacetate (1 : 1710) in pyridine at 25-30® for 5 days gives <262) 
by addn. the corresp. carbinol, viz., ethyl a-(2,2,2-trichloro-l-hydroxyethyl)acetoacetate.] 

Behavior with Acid Chlorides 

(See also behavior with anhydrides below.) 

[C with acetyl chloride (3:7065) <263) <264) in pres, of cone. H2SO4 <265), or chloral 
hydrate (3:1270) with acetyl chloride (3:7065) <263) ^ves a,j8,j8,j8-tetrachloroethyl acetate 
C chloral-acetyl cliloride ’*), b.p. 193® <264), 185® <263).] 

[For analogous behavior of C with propionyl chloride (3:7170) <265), with n-butyryl 
chloride (3:7370) <265), with acetyl bromide <266), or with acetyl iodide <266) see indie, 
refs.] 

[For behavior of C with carbonyl chloride (3:5000) in pres, of tertiary amines (except 
pyridine) giving a,/3,/3,^-tetrachloroethyl chloroformate [Beil. III-12] or 6t«-(a,/3,/S,|3-tetra- 
chloroethyl)carbonate [Beil. III-8] see <267).) 

Behavior with Acid Anhydrides 

[C with acetic anhydride (1 : 1015) at 150® <263) or in pres, of H2SO4 at 5® <268) or chloral 
hydrate (3:1270) with AC2O (1:1015) + H2SO4 <269) gives trichloroethylidene diacetate, 
CCl3.CH(OAc)2 [Beil. 11-153, IIi-(71), Il2-(167)}, b.p. 221-222® <263), 221® at 751 mm. 
<269), 111-113® at 10 mm, <268): for study of pyrolysis of this prod, see <270).] 

Behavior involving Condensation of C with Reactive C-H op 
various Organic Compounds 

(See also above under acids.) 

With various alkylated p3nidines. With 2‘methylpyrtdine. [C with 2-methylpyridine 
(o-picoline) [Beil. XX-234, XXi-(82)] in iso-AmOAc refluxed 10-12 hrs. <272) <273) <274) 
<275) <276) <27/) <278), or without solvent at 100® for 10 hrs. <279) or 112® for 36-40 hrs. 
<280), gives (yields: 67% <280), 47% <278), 40-47% <276)) trichloromethyl-«.picolyl- 
carbinol = l-(trichloromethyl)-2-(a-pico]yl)ethanol [Beil. XXI-46], m.p. 86-87® <272) 
<273) <279), 86® <278), 85-86® <280), 82® <277) (corresp. S.HCl, m.p. 201-202® <272), 
199-200® <274); corresp. S.PkOH, m.p. 167® <274)). — For studies on dehydrative hydroly- 
sis of this prod, to /3-(a-pyridyl)acrylic acid [Beil. XXII-55], m.p. 202-203® <272), 200® 
dec. <274) (corresp. hydrochloride, m.p. 220® dec. <273)), see <280) <275) <273) <274) <272); 
for studies on its reduction see <281) <275) <274).] 

Wah 4-methylpyridine. [C with 4-methylpyridine (y-picoline) [Beil. XX-240, XXi- 
(85)] at 100® for 15 hrs. <282), or in pres, of ZnCh in s,t. at 85-90® <283) <284) or at 34® 
for 24 hrs. then at 100® for 2 hrs. <285) <286), gives (yields: 42% <286), 16-18% <285), 
S”9% <284)) trichloromethyl-7-picolyl-carbinol = l-(trichloromethyl)-2-(7-picolyl)-etha- 
nol [Beil. XXI-57, XXIi-(204)], m.p. 168® cor. <286), 166-167® cor. <285), 166® cor. 
<283), 160® <282). — For studies on dehydrative hydrolysis (yields: 73% <285), 70% <283)) 
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of this prod, to /3-(7-pyridyl)acrylic acid [Beil. XXIIi-(505)], m.p. 296® cor. dec. (283), 293- 
295® cor. (285), see indie, refs.] 

With other alkylated pyridinea. [For corresp. condensations of C with 3-ethyl-4- methyl- 
pyridine /3-collidine ”) [BeU. XX-250, XXi-(87)] (287) (288), with 5-ethyl-2-methyl- 
pyridine [Beil. XX-248, XXi-(86)] (290), with 2,4,6-trimethylpyridine (“ collidine **) 
[Beil. XX-250, XXi- (87)] (289) (291 ) see indie, refs.] 

With various alkylated quinolines. [For corresp. condensations of C with 2-methyl- 
quinoUne (quinaldine) [Beil. XX-387, XXi-(148)] (285) (292) (293) (294) (295), or with 
4-methylquinoline C lepidine ») [Beil. XX-395, XXi-(150)] (296) (297) (295), see indie, 
refs.] 

With nitroparaffins. C in aq. mildly alk. soln. also adds 1 reactive hydrogen atom 
from nitroalkanes yielding the corresp. substituted alcohols. 

With nitromethane. [Chloral hydrate (3:1270) (1 mole) with nitromethane (1 mole) 
in aq. Na2S03 at 70® gives (100% yield (298)) the corresp. carbinol, viz., 1,1,1-trichloro- 
3-iiitropropanol-2 [Beil. 1-366], m.p. 48-49® (299), 45-46® (298), 42-43® (300); b.p. 119® 
at 3 mm. (298) (corresp. acetate, m.p. 61-62°, b.p. 160® at 25 mm., 148° at 16 mm. (298)); 
note that other mildly alk. salts such as K2CO3 (298) (300), NaOAc (298), or Na2B407 
(298) may be used although Na2S03 is best (298); note also that this prod, does not (298) 
react further with chloral. — For studies of the behavior of this prod, or its esters with 
diazonium salts (299) (301), with various amines (302) (303), or reducing agents (304) 
see indie, refs.] 

With nitroethane. [Chloral hydrate (3 : 1270) with nitroethane in aq. Na2.S03 -f- K2CO3 
gives (80% yield (305)) the corresp. carbinol, viz., l,l,l-trichloro-3-nitrobutanol-2, oil, 
b.p. 115® at 2 mm. (corresp. acetate, b.p. 125® at 2 mm., 98° at 0.05 mm. (305)).] 

With phenyUnitromethine. [Chloral hydrate (3:1270) with phenyl-mtromethane in 
aq. K2CO3 at 80° gives (305) l,l,l-trichloro-3-phenyl-3-nitropropanol-2, m.p. 109® (corresp. 
acetate, m.p. 98® (305)).] 


Behavior with Grignard Reagents 

C with RMgX reagents may react in either or both of two modes: on the one hand 
normal addition may occur leading to the corresp. carbinols; on the other, reduction at 
the expense of the RMgX cpd. may occur leading to formn. of 2,2,2-trichloroethanol-l 
(3:5775). Of these two types the former occurs when the RMgX cpd. is not easily de- 
hydrogenated. 

With aliphatic RMgX compounds. With MeMgX. [C with MeMgBr (306) (307) cf. 
(308) or MeMgl (307) (166) cf. (308) in ether gives (yields: 40% (306) (307)) 1,1,1- 
trichloropropanol-2 (3:0846); note, however, that yield is profoundly influenced by pres, 
of certain metal salts (306), that some reduction of C to 2,2,2-trichloroethanol-l (3 : 5775) 
probably occurs, and that this latter is favored by use of EtOMgBr, etc. (see 3:5775).] 
With EtMgX. [C with EtMgBr (309) (310) (311) or with EtMgl (166) gives both ad- 
dition and reduction leading respectively to l,l,l-trichlorobutanol-2 (3:5955) q.v. and 

2.2.2- trichloroethanol-l (3:5775) q.v.] 

With nrPrMgX. [C with n-PrMgBr in ether gives (21-23% yield (310)) the carbinol 
from addition, viz., l,l,l-trichloropentanol-2 [Beil. 12-419], b.p. 115® at 686 mm. (310), 
* 1.481 (310) (corresp. acetate, b.p. 168-169® at 686 mm., corresp. benzoate, b.p. 
197-198® at 686 mm. (310)) but whether the material still unaccounted for represents 

2.2.2- trichloroethanol (3 : 5775) from reduction of C has not been reported.] 

With iao-PvMgX, [C with iso-PrMgBr in ether gives (31-33% yield (312)) the carbinol 
from addition, viz., l,l,l-trichloro-3-methylbutanol-2 [Beil. 1-392, l2-(425)], b.p. 105® at 
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674 mm., Z^o “ 1.402 <312) (corresp. acetate, b.p. 156-157® at 685 mm.; corresp. benzoate 
b.p. 180-’181® at 685 mm. <312)), but whether the material still unaccounted for represents 
2,2,2-trichloroethanol-l (3:5775) from reduction of C has not been reported.) 

With n^BuMgX. [C with n-BuMgBr in ether gives (34-36% yield <312)) the carbinol 
from addition, viz., l,l,l-trichlorohcxanol-2 [Beil. l2-(438)], b.p. 108® at 673 mm., D20 “ 
1.327 <312) (corresp. acetate, b.p. 157-158® at 684 mm.; corresp. benzoate, b.p. 182-183® 
at 684 mm. <312)), but whether the material still unaccounted for represents 2,2,2-trichloro- 
ethanol-1 (3:5775) from reduction of C has never been reported.) 

With higher alkyl MgX cpds. [C with n-AmMgBr <313) or with n-HexMgBr <313) in 
ether gives (yields respectively 50-61% and 56-69%) the reduction product, 2,2,2-tri- 
chloroethanol-l (3:5775); the corresponding carbinols to be expected by addition are 
unreported.) 

With aromatic RMgX compounds. With C^H^gX. [C with CeHsMgBr in ether 
gives (70% yield <314)) <315) the expected trichloromethyl-phenyl-carbinol [Beil. 
VI-476, VIi-(237)), m.p. 37® <155), b.p. 145® at 15 mm. (155) (corresp. acetate, m.p. 87.5® 
(155); corresp. benzoate, m.p. 97.5° <155); corresp. p-nitrobenzoate, m.p. 109® <156)).] 

With alkaryl MgX compounds. With C^f,CH 2 MgX cpds. [C with C6H6CH2MgCl 
(309) (310) or C6n6CH2MgBr (166) gives both addition (309) (310) (166) and reduction 
(309) yielding from the former trichloromethyl-benzyl-carbinol, b.p. 158-160° at 18 mm. 
(166) (corresp. acetate, m.p. 110-111® (166), 109-110° (309)), together with a very small 
amount (309) of 2,2,2-trichloroethanol-l (3:5775).] 

With cyclohexyl MgX cpds, [C with cyclohexyl MgBr (314) (316) in ether is claimed 
to give (30% yield (316)) trichloromethyl-cyclohexyl-carbinol, b.p. 119-121® at 15 mm., 
D 20 = 1.2839, no = 1.4820 (corresp, acetate, b.p. 173® at 680 mm.; corresp. benzoate, 
b.p. 210® at 683.3 mm.), and also (42% yield_<314)) 2,2,2-trichlorocthanol-l (3:5775).] 

With various other cases. [For behavior of C with the RMgX cpds. from /3-phenylethyl 
bromide, 7-phenylpropyl bromide, and 3-phenylbutyl bromide where the reaction appears 
to be mainly reduction of C see (317).] 

Behavior with HCN (or Its Salts) 

Behavior with HCN. [C with strong aq. HCN refluxed several days (318) or chloral 
hydrate (3:1270) with aq. 10-12% HCN (319) (320) or with aq. 15% HCNin8.t. at 1(X)® 
for 4 hrs. (321) cf. (322) gives (71% yield <321)) i8,i3,/a-trichloio-a-hydroxypropionitrile « 
trichlorolactonitrile = chloral cyanohydrin [Beil. II 1-288, IIIi-(lll), IIl2-(210)l, m.p. 
60-61® (318), 58-61° (321) (corresp. benzoate, m.p. 40-41° (323)); this prod, upon partial 
hydrolysis in ACOH/H2SO4 gives (324) trichlorolactamide [Beil. III-288, IIIi-(lll), 
IIl2-(210)], m.p. 95-96® (324), or on complete hydrolysis with cone. HCl (321) (318) (320) 
gives trichlorolactic acid [Beil. III-286, IIIi-(lll), IIl2-(210)], very sol. aq., but cryst. 
from ether, m.p. 118-119® (321),] 

Behavior with KCN. [C with MeOH/KCN gives within 1 min. (84% yield (131)) 
methyl dicbloroacetate (3:5655); C with EtOH/KCN similarly gives (88% yield (131)) 
ethyl dicbloroacetate (3:5850); C with n-propyl alc./KCN similarly gives (70% yield 
(131)) w-propyl dicbloroacetate (3:6000); for extensive discussion of this reaction see 
(131) (325) (329).] 

[For discussion of behavior of chloral hydrate (3 : 1270) with KCN in CeHe see (326) : 
note that chloral hydrate (3 : 1270) with NaCN 4- CaCOs as directed (328) is an important 
method of prepn. (88-92% yield) of dichloroacetic acid (3:6208) q.v.: note al^ that 
chloral hydrate (3 : 1270) -j- NH4OH -f- KCN in ether as directed (329) gives (65-78% 
yield) dichloroacetamide (see under the acid (3:6208).] 
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Behavior with Diazomethane 

iC {309) (330) (331) or chloral hydrate (3:1270) (332) gives (yields: 64% (330), 48% 
(300), 47.6% (332)) 3,3, 3-trichloro-l, 2-epoxypropane (3:5760) q.v.] 

Behavior with Amines 

With primary aromatic amines. With aniline, [C with aniline <333) (334), or chloral 
hydrate (3:1270) with anihne in aq. (334), gives l,l,l-trichloro-2,2-dianilinoethane 
05,i8,i8-trichloroethylidene)di-aniline [Beil. XII-187, XIIi-(168)], pr. from ether/alc., 
m.p. 107-108® (335), 107.5® (334), 100-101® (333). — Note that the addition product to 
be expected from 1 mole C with 1 mole aniline has not itself been isolated (except as a 
molecular compound with chloral hydrate (336)) since it appears to react immediately 
with a second mole of aniline to give the above-indicated prod.] 

With aniline -f- hydroxylamine, [Chloral hydrate (3:1270) (1 mole) with aniline (1 
mole) -h NH 2 OH.HCI (3 moles) + HCl -f Na 2 S 04 in aq. soln. as directed gives (80-01% 
yield (337)) cf. (338) (339) isonitrosoacetanilide [Beil. XIIi-(275)], mp. 175° dec. (337) 
(338) (339). — Note that this product with cone. H 2 SO 4 (337) (340) gives (71-78% yield 
(337)) indigo; for extension of the method to use of other amines (and ultimately substi- 
tuted indigos) see (338) (341) (345).] 

With other primary aromatic amines. The condensation of C or of chloral hydrate 
(3 : 1270) with many other primary aromatic amines and diamines has been studied but 
cannot be detailed here [for extensive review and discussion see (336) (334) (335) (342) 
(343) (344) (403)]. 

With secondary aromatic amines. With N-alkylanilines. [Chloral hydrate (3 : 1270) 
with A^-methylaniline on warming gives (346) trichloromethyl-(p-methylaminophenyl)- 
carbinol [Beil. XIII-628], m.p. 112® dec.; similarly, chloral hydrate (3:1270) with A- 
ethylaniline on warming gives (346) trichloromethyl-(p-ethylaminophenyl)-carbinol 
(Beil. XIII-628], m.p. 98®.] 

With N-alkyUo4oluidines. [Chloral hydrate (3:1270) with i\r-methyl-o-toluidine + 
ZnCh gives (347) trichloromethyl-(4-methylamino-3-methylphenyl)-carbinol, m.p. 104- 
105°; similarly, chloral hydrate (3:1270) with iV-ethyl-o-toluidine -f ZnCh gives (349) 
trichloromethyl-(4-ethylamino-3-methylphenyl)-carbinol, m.p. 107® (for studies of nitra- 
tion (348) and bromination (349) of these two products see indie, refs.).] 

With tertiary aromatic amines. With N^N-dicdkylamltnes. [C with Ar,N-dimethyl- 
aniline in phenol at room temp. (350) or chloral hydrate -with Ar,A^-dimethylaniline -f 
ZnCh on stdg. (351) (352) gives trichloromethyl-(p-dimethylaininophenyl)-carbinol 
[Beil. XIII-628], m.p. Ill® dec. (352) (corresp. carbinyl acetate, m.p. 84-85° (352)) (for 
study of nitration of this prod, see (348)).] 

Behavior with Arylhyprazines 

With phenylhydrazine. [C with phenylhydrazine or chloral hydrate (3:1270) with 
aq. phenylhydrazine salts reacts (353) vigorously, but the products formed have not 
b^ unambiguously characterized (see also below).] 

With p-nitrophenylhydrazine. [Chloral hydrate (3:1270) Oarge excess) with p-nitro- 
phenylhydrazine in AcOH at 100° for 10 min. undergoes a series of reactions resulting 
(354) in a chlorine-free prod., m.p. 228°, regarded (354) as l-(p-nitrophenyl)-3, 5-dihydroxy- 
pyrazolone-4- (p-nitrophenylhydrazone) .] 

With 2,4-di^trophenylhydrazine. [Chloral hydrate (3:1270) with 2,4-dinitrophenyl- 
hydrazine gives according to conditions either or both (355) glyoxylic acid p-nitrophenyl- 
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hydrazone, dihydrate from aq., m.p. 191® (355); anhydrous, m.p. 194-195® (355), 190® 
(356), or chloroglyoxal 6is-(2,4-dinitrophenylhydrazone), m.p. 278® (355).] 

With various halogenated hydrazines. Owing to the violence with which the product 
‘initially formed decomposes, the behavior of C with phenylhydrazine (see also above) has 
been little studied. With halogenated phenylhydrazines the decomposition is more 
moderate and has been extensively examined. The nature of the products has been found 
to depend mainly upon the solvent mediiun: thus in alcohols the principal product is the 
corresponding substituted phenylhydrazone of the appropriate alkyl glyoxylate; in water 
or AcOH, however, loss of both H 2 O and HCl occurs leading to formation of the cor- 
responding a,a-dichloro-/3-arylazoethylenes. 

[Chloral hydrate (1 mole) (3:1270) with 2,4-<lichlorophenylhydrazine in ethyl ale. at 
60® gives (100% yield (357)) ethyl glyoxylate 2,4-dichlorophenylhydrazone, yellow pr., 
m.p. 121.5®; note that other ales. (357) give corresp. esters. — However, chloral hydrate 
(1 mole) (3 : 1270) with 2,4-dichlorophenylhydrazine (1 mole) in AcOH at 80® (or in presence 
of NaOAc at 60®) gives (357) a,a-dichloro-i3-(2,4-dichlorobenzeneazo)ethylene, red pr. 
from ale., m.p. 84.5®.] 

[For completely analogous behavior of chloral hydrate (3 : 1270) with other halogenated 
phenylhydrazines, such as 2,5-dichlorophenylhydrazine (358), 2,4,5-trichlorophenyl- 
hydrazine (358), 2,4,6-trichlorophenylhydrazine (359), 2,4,6-tribromophenylhydrazinc 

(359) , 3-bromo-4-methylphenylhydrazine (360), or 3,5-dibromo-4-methylphenylhydrazine 

(360) , see indie, refs. — Note that a generally analogous behavior toward halogenated 
arylhydrazines is shown by butyrchloral (3:5910) q.v. and by tribromoacetaldehyde 
(bromal).] 

Behavior with Amides 

C with compounds of the amide type readily undergoes an addition reaction leading to 
products of the general form CCl 3 .CH(OH).NH.CO.R. 

With Aliphatic Monamides 

With formamide. [C (1 mole) with formamide (1 mole) on stdg. gives (361) (362) an 
addition prod., chloralformamide, CCl 3 .CH(OH).NH.CHO [Beil. 11-27, IIi-(21), II 2 - 
(37)1, m.p. 124-126® (363), 118® (362), 115-116® (361); note that this product has in the 
literature often been confused with the isomeric /3,i8,j8-trichloroethyl carbamate, CClj,- 
CH 2 O.CO.NH 2 (“Voluntal”) [see also under /3,^,/3-trichloroethyl alcohol (3:5775)]. 
Note also that chloralformamide with aq. NaOH + AC 2 O (362) or with aq. NaOH + 
BzCl (364) cf. (362) undergoes bimolecular condensation with loss of H 2 O giving anhydro- 
chloralformamide [CCl3.CH(NH.CH0)l20, m.p. 194.5-195® (362), 193® (364).] 

With acetamide. [C (1 mole) with acetamide (1 mole) (72) (172), or chloral hydrate 
(3:1270) (1 mole) with acetamide (1 mole), or chloralammonia with AcCl or AC 2 O (128) 
gives chloralacetamide [Beil. 11-179, IIi-(81)], m.p. 158-159® (362), 158® (172), 166®-157® 
(72), 156® (128); this prod, with aq. NaOH -f AC 2 O undergoes bimolecular loss of aq. 
yielding (362) cf. (369) anhydrochloralacetamide, [CCl 3 .CH(NH.CO.CH 3 )]iO, m.p. 212- 
213® (362), 207® (364). — For study of reduction of chloralacetamide see (365) (366).] 

With higher monoamides. [For analogous condensation of C with propionamide, iso- 
butyramide, n-Valeramide, n-caproamide, n-caprylamide, and phenylacetamide together 
with study of reduction of the several products see (367) cf. (369).] 

With Aromatic Monoamides 

With benzamide. [C (1 mole) with benzamide (1 mole) (172) (362) cf. (369), or chloral 
hydrate (3:1270) with benzonitrile + dry HCl (368) gives chloralbenzamide [Beil. IX- 



8:5210 


TRTCHLOROACETALDEHYDE 


642 


209, IXi.(lOl)], m,p. 150-151® <72), 150® (362), 146® (172) (368); this product with aq. 
NaOH + BzCl or AC2O gives (362) by dehydrative bimolecular condensation anhydro- 
chloralbenzamide, known (362) in two forms, higher-melting form, m.p. 199-200®, and 
lower-melting form, m.p. 137-138®. — For study of reduction of chloralbenzamide see 
(366) cf. (369).] 

With toluamides. [For condensation of C with o-, w-, and p-toluamides see (370); for 
the behavior of the products with PCls see (371).] 

With salicylamide. [C with salicylamide on warming directly (372) or in CHCI3 (373) 
gives chloralsalicylamide, sintering at 117® and melting about 10® higher (372); for the 
corresp. anhydro compound (cf. above), m.p. 174-175®, sec (369); for studies of chloral- 
salicylamide on chlorination (374), bromination (375), or nitration (375) see indie, refs.) 

With amides of various substituted salicylic acids. [For behavior of C with the amides 
of 3-chlorosalicylic acid (3:4745), 5-chlorosalicylic acid (3:4705), and 3,5-dichlorosalicylic 
acid (3:4935) see (374) (376) (377); for behavior of C with amides of various nitrosalicylic 
acids (378) or various aminosalicylic acids (379) see indie, refs.] 

With o-aminobenzamide (anthranilamide). [For behavior of C with anthraniiamide 
and its relatives see (380).] 


With Amides of Dibasic Acids 

Note that two series of products are formed. 

With urea. [Chloral hydrate (3:1270) (1 mole) with urea (2 moles) in aq. soln. on 
stdg. 3 days at room temp, gives (66% yield (381)) (382) cf. (172) cliloralurea, Ar-(/3,/3,/3- 
trichloro-«-hydroxyethyl)urea [Beil. 111-59, IIIi-(27)], cryst. from MeOH/CeHe (381) or 
EtOH/CeHe 1:3 (382), m.p. 150° dec. (381) (382). — However, chloral hydrate (3:1270) 
(2 moles) with urea (1 mole) in aq. HCl at room temp, for 3 days gives (71% yield (381)) 
(382) cf. (383) dichloralurea [Beil. 111-60, IIIi-(27), lll2-(49)], cryst. from aq. ale., m.p. 
196® (381), 194® dec. (382), 190® (172).] 

With thiourea. [For behavior of C with thiourea see (383).] 

With various substituted ureas. With monosubstituted ureas. [Chloral hydrate (3 : 1270) 
(2 moles) with A-methylurea (1 mole) in aq. soln. at room temp, gives (384) 
A-methyl-A'-(^,/3,/3-trichloro-«-hydroxyethyl) urea, m.p. 140° dec. (384). — Chloral 
hydrate (3: 1270) with A-ethylurea behaves in analogous fashion (384). — Chloral hydrate 
(3:1270) (23^ moles) with A-phenylurea in aq. HCl gives (84% yield (382)) 

A-phenyl-A '-(^,/3,/3-trichloro-a-hydroxycthyl)urea, m.p. 142° dec. (382). — For corresp. 
behavior of chloral hydrate (3:1270) with A-o- tolylurea, A-p-tolylurca, A-m-nitrophenyl- 
urea, and A-p-nitrophenylurea see (385).] 

With disubstituted ureas. [Chloral hydrate (3:1270) with A,A-dimcthylurea gives 
(384) cf. (386) A,A-dimcthyl-A'-(^,/3,/3-trichloro-a-hydroxyethyl)urea, cryst. from aq. 
as monohydrate, m.p. 74® dec. (384) (386), which becomes anhydrous on stdg., cryst. from 
ale., m.p. 157° dec. (384), 156° (386). — For analogous behavior of C with A,A-diethylurea 
giving prod., m.p. 146° dec. (384), 142° (386), see indie, refs. — C with A, A-diphenylurea 
gives analogous prod., m.p. 170° dec. (384).] 

With axnides of other dibasic acids. [For generally analogous behavior of C with oxamide 
(384), maionamide (384) (369), succinamide (369), and their relatives see indie, refs.] 

With Urethanes 

With ethyl carbamate. [C with ethyl carbamate (“ urethane ”) in cone. HCl gives 
(387) (388) ethyl A-(j8,/3,j8-trichloro^hydroxyethyl)carbamate (“ chloralurethane ”) 
[Beil. 111-24, nil- (12), Ill2“(22)], m.p. 103® (362) (388). — This product on htg. alone or 
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in aq. at 100® regenerates <388) chloral and ethyl carbamate. — With AcCl under reflux 
it gives (80% yield (387)) the corresp. acetate, m.p. 47-49°, b.p. 165° at 15 mm. (387). — 
With aq. NaOH 4- AC 2 O <362) <387) or with aq. KOH 4 - BzCl <364) chloralurethane 
undergoes dehydrative bimolecular condensation yielding anhydro-chloralurethane [Beil. 
III 1 -I 2 ], which exists in both high-melting (161-162°) and low-melting (149-150°) forms 
<362).] 

With other alkyl carbamates. [For generally analogous behavior of C with methyl 
carbamate <362), n-propyl carbamate <389), isobutyl carbamate <389), isoamyl carbamate 
<362), and menthyl carbamate <362) see indie, refs.) 

(g) Preliminary tests for C: Owing to the length of the text of this compound, a brief 
summary of the tests most significant as preliminary indications is given here; for 
details refer back as indicated and also see chloral hydrate (3:1270). 

C reduces NHa/AgNOs and Feliling’s soln. but only on warming (see above under 
oxidn. of C). — C gives fuchsin-aldehyde test with SchilT’s reagent (but chloral hydrate 
(3:1270) does not). — C with cone. II 2 SO 4 readily polymerizes (see above under 
polymerization of C). — C with aq. or ale. alkali on warming undergoes hydrolytic 
cleavage to CHCI 3 (3:5050) 4- alkali formate (see above under behavior of C with 
alkalies); therefore, 0 with ale. alkali 4- aniline gives characteristic odor of phenyl 
isocyanide. 

Trichloroacetaldioxime: m.p. 56° <135). [See above under behavior of C with 

hydroxy lamine . ] 

Trichloroacetaldehyde phenylhydrazone: unreported. [See above under behavior 

of C with arylhydrazines.] 

Trichloroacetaldehyde ^-nitrophenylhydrazone: unreported. [See above under 

behavior of C with arylhydrazines.] 

Trichloroacetaldehyde 2,4-dinitrophenylhydrazone : a prod, of m.p. 131° has been 

claimed (390) but could not be confirmed <391). [See also above under beha\dor of 
C with arylhydrazines.] 

Trichloroacetaldehyde semicarbazone: unreported. [Note that chloral hydrate 

(3:1270) with semicarbazide in aq. <392) <394) cf. <393) or chloral ethylalcoholate 
(3:0860) with semicarbazide in ale. <392) gives an addn. prod., m.p. 90°, which on 
boilg. with aq. yields <392) glyoxylic acid semicarbazone [Beil. III-600, IIIi-(209) 
III 2 - (389)1, m.p. 235-236° <392), 235-238° <393), 207° (395), 206-208° dec. <396), 
202-203° <397), 202° dec. <394) (note that these results may represent two stereoiso- 
meric forms <397)).] 

3:5210 <1) Perkin, J. Chem. Soc, 51, 808-819 (1887). <2) Lecat, Rec. trav chim. 45, 623 (1926). 
<3) Passavant, J. Chem. Soc. 39, 53-57 (1881). <4) Goslawaki, Marchlewski, Butt. irUem. acad. 

Polonaiee, 1031A, 383-391; CerU 1932, I 1491; [C.A. 27, 231 (1933)]. <5) Jefremov, J. Rusa. 

Phya.-Chem. Soc. 50, 361 (1918); Cent. 1923, III 826; not in C.A. <6) Thorpe, J. Chem, Soc.^ 
37, 191-192 (1880). <7) Friend, Hargreaves, Phfd. Mag (7) 35, 626 (1944). <8) Johns, Hixon, 

J. Am. Chem. Soc. 56, 1333-1336 (1934). <9) van Rossem, Z. phystk. Chem. 02, 681-712 (1908). 

<10) Briihl, Ann. 203, 11-12 (1880). 

<11) Cheng, Z. physik. Chem. B-26, 295 (1934). <12) Stauff, Schumacher, Z. phyaik. Chem. 

B-48, 1 4r-176 (1941). <13) Klug, Schumacher, Z. physik. Chem. B-47, 67-92 (1940). <14) 

Coomber, Partington, J. Chem. Soc. 1938, 1450 <15) Jefremov, Ann. inst. anal, phyaico-chim. 

Leningrad, 4, 118-159 (1 28); CerU. 1929, I 729-730; not in C.A. <16) von Auwers, Ber. 02, 
1319 (1929). <17) Breuer, J. Am. Chem. Soc. 57, 2236-2237 (1935). <18) Boeseken, Schimmel, 
Rec. trav. chim. 32, 112-127 (1913). <19) Kurnakow, Efremov, Z. phystk. Chem. M, 401-413 

(1913). <20) Excelsior Feuerldschgerate, A. G., Ger. 554,521, Sept. 9, 1932; Cent. 1932, II 

1335; C.A. 20, 6083 (1932). 

<21) Lecat, Ann. soc. sd. BruxeUea 45, I 175 (1926). <22) Liebig, Ann. 1, 189-198 (1832). 
<23) Brochet, Butt. aoc. chim. (3) 17, 228-230 (1897); Ann. chim. (7) 10, 332-335 (1897). <24> 



3:ff210 


TRICHLOROACETALDEHYDE 


644 


TriUat, BuU. aoc. chim. (3) 17, 230-234 (1897). <26) Kraemer, Ber, 3, 267-262 (1870). (26) 
Altaohul, Mey4r, Ber. 36, 2756^2769 (1893). (27) Besson. Ger. 133,021, July 31, 1902; Cent. 
1963 II 663. (28) Ohse (to Chem. Fabrik von Heyden), Ger. 734,723, March 25, 1943; C.A. 38, 
3671 (1944). (29) Page, Ann. 336, 209-211 (1884). (30) Pinner, Ber. 4, 250-257 (1871). 

(31) Pinner, Ann. 179, 24r-29 (1875). (32) Fuchs, Katscher, Ber. 67, 1258 (1924). (33) 
Stftdeler, Ann. 61, 101-121 (1847). (34) Goldschmidt, Schtissler, Ber. 68, 569-570 (1925). 
(35) Consortium fUr Elektrochem. Ind., French 706,320, June 23, 1931, Cent. 1931, II 1489; 
[C.A. 36, 1302 (1932)]. (36) Ingold, J. Chem. Soc. 136, 1536-1537 (1924). (37) Mason, /. 

Chem. Soc. 97, 866-867 (1910). (38) Moruen, Dufraisse, Bcrchet, BuU. soc. chim. (4) 43, 942- 

967 (1928). (39) Byasson, Compt. rend. 87, 26 (1878); BuU. soc. chim. (2) 33, 304-305 (1879). 
(40) Paterno, Ann. 166, 256 (1869). 

(41) Reichert, Bailey, Nieuwland, J. Am. Chem. Soc. 46, 1556-1557 (1923). (42) Hirwe, 
J. Univ. Bombay, 6, Pt. II, 182-198 (1937); Cent. 1938, I 4031. (43) Busch, Stdve, Ber. 49, 
1068 (1916). (44) Kelber, Ber. 60, 308 (1917). (45) Self, Pharm. J. (4) 36, 4-7 (1907); Cent. 

1967, II 1019. (46) Vogt. Arch. expU. Path. Pharmakol. 178, 628-638 (1935) ; Cent. 1936, 1 801; 

[C.A. 39, 6945 (1935)]. (47) Griebel, Weiss, Z. Unterstich. Lebensm. 56, 163 (1928). (48) 
Personne, Ann, 157, 113-115 (1871). (49) Jona, Giorn. farm. chim. 61, 57-59 (1912); CerU. 
1913, I 1148; C.A. 6, 1337-1338 (1912). (60) Meillcre, J. pharm. chim. (8) 11, 145-147 (1930); 

Cent. 1930, I 3221; C.A. 34, 4586 (1930). 

(51) Cotton, BiiU. soc. chim. (2) 43, 622-625 (1884). (52) Deodhar, J. Indian Chem. Soc. 11, 

83-86 (1934). (53) Sandonnini, Borghello, Atti acc^. Lincei (6) 31, 30-35 (1935); Cent. 1936, 

II 1860; C.A. 39, 4679 (1935). (54) Meerwein, Schmidt, Ann. 444, 234 (1925). (55) Chalmers, 

Org. Syntheses, Coll. Vol. 1 (Ist ed.) 598-601 (1943); 16, 80-84 (1935). (56) Boeseken, Tellegen, 

Plusje, Bee. trav. chim. 67, 74-75 (1938). (57) CaUsen (to Winthrop-Chem. Co.), U.S. 1,725,054, 

Aug. 20, -1929; [Cent. 1930, 1 434]; C.A. 33, 4709 (1929): Ger. 437,160, Nov. 18, 1926; Cent. 1937, 
I 802; not in C.A.: Brit. 286,797, April 5, 1928; Cent. 1938, I 2750; C.A. 33, 395 (1929). (58) 

Nagai, Biochem. Z. 153, 272 (1924); Cent. 1936, I 637; [C.A. 19, 2807 (1925)]. (59) Meerwein 

(to Bayer and Co.), U.S. 1,572,742, Feb. 9, 1926; Cent. 1936 I 3627, [C.A. 30, 1243 (1926)]; 
Brit. 235,584, June 27, 1926; [Cent. 1936, II 1097J; C.A. 30, 917 (1926). (60) Dworzak, MonaJtsh. 
47, 12-13 (1926). 

(61) CaUsen (to I.G.), Ger. 489,281, Jan. 15, 1930; Cent 1930, 1 3104; [C.A. 34, 2140 (1930)]: 
Swiss 126,293, July 16, 1928, Cent. 1939, 1 1741; C.A. 33, 852 (1929). (62) Nord, Ger. 434,728, 
Oct. 6, 1926; Cent. 1936, II 2845; not m C.A. (63) CaUsen (to I.G.), Ger. 566,157, Nov. 26, 
1932; Cent. 1933, I 1514; C.A. 37, 992 (1933): Brit. 384,166, Dec. 22, 1932; Cent. 1933, I 1351; 
[C.A. 37, 4240 (1933)]. (64) I.G., Brit. 370,490, May 6, 1932; Cent. 1933, II 3303-3304; C.A. 

37, 2961 (1933). (65) GarzaroUi-Thurnlackh, Ann. 310, 64-68 (1881). (66) Delacre, BuU. 

soc. chim. (2) tt, 784-788 (1887), (67) Meerwein, Hinz, Majert, Soiiko, J. prakt. Chem. (2) 

147, 236, 243 (1936). (68) WUlstatter, Duisberg, Ber. 56, 2284-2285 (1923). (69) Lintner, 
LUers, Z. physiol. Chem. 88, 122-123 (1913). (70) Judson, Ber. 3, 782-784 (1870). 

(71) Kolbe, Ann. 54, 183-185 (1845). (72) Wallach, Ber. 6 , 254-256 (1872). (73) Khotinsku, 
Aleksandrova, Proc. Kharkov State Univ. 4, 59-61 (1936); C.A. 31, 6615 (1937). (74) Plump 

(to Pennsylvania Salt Mfg. Co.) U.S. 2,370,577, Feb. 27, 1945; C.A. 39, 4085 (1945). (75) 
Moureu, Dufraisse, J. Soc. Chem. Ind. 47, 819-828, 849-854 (1928). (76) Clermont, Ann. 161, 

128 (1872); Compt. rend. 73, 113 (1871). (77) Clermont, Ann. 166, 64 (1873); Compt. rend. 74, 
1492 (1872). (78) Seubert, Ber. 18, 3336-3339 (1885). (79) Ssuknewitsch, TschUingarjan, 

Ber. 68, 1215 (1935). (80) Bhatnagar, Mathur, Kapur, PhU. Mag. (7) 8, 466-467 (1929). 

(81) Stadeler, Ann. 106, 253 (1858). (82) Karaoglanov, Z. anal. Chem 131. 206-207 (1941). 

(83) Cotton, BuU. soc. chim. (2) 43, 420-^23 (1885). (84) Vanino, Z. anal. Chem. 79, 369-371 
(1930). (85) Hartwagner, Z. anal. Chem, 53, 19-20 (1913). (86) Wieland, Ber. 45, 2610 (1912). 
(87) Amato, Jahresber. 1875, 473. (88) Alexander, Schumacher, Z. physik. Chem. B-44, 313- 

326 (1939). (89) Verhoek, Hinshelwood, Proc. Roy. Soc. London, A-146, 327-333, 334-344 

(1934). (90) Verhoek, Trans. Faraday Soc. 31, 1521-1524 (1935). 

(91) Combes, Ann, chim. (6) 13, 267-271 (1887). (92) Boeseken, Bee. trav. chim. 39, 95-96, 
104-108 (1910). (93) Mouneyrat, BuU, soc. chim. (3) 19, 260-261 (1898). (94) Boeseken, 

Schimmel, Bee. trav. chim. 33, 128-133 (1913). (95) Boeseken, Schimmel, Bee. trav. chim. 33, 
112-127 (1913). (96) Gauthier, BuU. soc. chim. (2) 45, 86-88 (1886). (97) Alexander, Schu- 

macher, Z. physik. Chem. B-44, 57-68 (1939). (98) Mouneyrat, BuU. soc. chim. (3) 17, 794-797 
(1897). (99) OgUaloro, Ber. 7, 1461-1462 (1874). (lOO) Vorlander, Ann. 341, 21-22 (1905). 

(101) Gaathaug, Norwegian 54,575, Nov. 5, 1934; Cent. 1935, I 1617; not in C.A. (102) 
BSeseken, Chem. Weekhlad 7, 121-132 (1910); Cent. 1910, I 1002; C.A. 5, 1419 (1911). (103) 
Grabowski, Ber. 8, 1433-1437 (1875). (104) Kekul6, Ann. 105, 293-295 (1858). (105) Otto, 
Ann. 339, 262-263 (1887) . (106) WaUacb, Ann. 193, 4, 8, 11-19 (1878) . (107) Fuchs, Katscher, 



m 


LIQUIDS WITH 


3:5210 


Ber. 62, 2381-2386 (1929). (108) Chattaway, Kellett. J. Chem, Soc, 1628, 2709-2714. (109) 
Mallett, Am. Chem. J, 19, 809-810 (1897). (llO) Erdmann, Ger. 139,392, March 4, 1903; 
Cent. 1908, 1 743. 

(Ill) Helferich, Besler, Ber. 57, 1279-1280 (1924). (112) Hibbert, Gillespie, Montonna, 

J. Am. Chem. Soc. 50, 1953-1956 (1928). (113) Mulder, Rec. trav. chim. 7, 322-323 (1888). 
(114) Belohoubek, Cent. 1898, I 568. (115) Rosenthaler, Reis, Cent. 1907, II 891. (116) 
Reioher, Rec. trav. chim. 4, 347-360 (1886). (117) Bottger, Kotz, J. prakt. Chem. (2) 05, 481- 

499 (1902). (118) Werner, J. Chem. Soc. 85, 1376-1381 (1904). (119) Enklaar, Rec. trav. chim. 

23, 419-438 (1904). (120) Enklaar, Rec. trav. chtm. 24, 419-443 (1905). 

(121) Enklaar, Rec. trav. chim. 25, 297—310 (1906). (122) Enklaar, Rec. trav. chim. 29, 173— 

184 (1910). (123) Benrath, Ann. 382, 225 (1911). (124) Kotz, CerU. 1909, II, 2136. (125) 

Kekul6, Ann. 119, 187-189 (1861). (126) Arenson, Roller, Brown, J. Phya. Chem. 30, 623-625 

(1926). (127) Truchet, Compt. rend. 202, 1997-1998 (1936). (128) Schiff, Ber. 10, 166-168 

(1877). (129) Aschan, Ber. 48, 880-882, 889-891 (1915). (130) D61epine, BuU. aoc. chim. (3) 

19, 171-173 (1898). 

(131) Chattaway, Irving, J. Chem, Soc. 1929, 1038-1048. (132) Schiff, Gcuz. chim. ital. 21, 

490-497 (1891). (133) B6hal, Choay, Ann. chim. (6) 26, 5-12, 59-60 (1892). (134) Meyer, 
Ann. 264, 118-121 (1891). (135) Palazzo, Egidi, Gazz. chim. ital. 43, I 67-68 (1913). (136) 

Hantzsch, Ber. 25, 705-712 (1892). (137) Ponzio, Baldracco, Gazz. chim. ital. 60, 415-429 (1930). 

(138) Houben, Kaufmann, Ber. 46, 2824-2825 (1913). (139) Hantzsch, Ber. 25, 701-705 (1892). 

(140) Knopfer, Monatsh. 32, 768-769 (1911). 

(141) StoI16, Helwcrth, J. prakt. Chem. (2) 88, 315-318 (1913). (142) Knopfer, Monoid. 37, 

357, 364 (1916). (143) Knopfk, Monatah. 34, 769-776 (1913). (144) Giolitti, Gazz. chim. ital. 

34, I, 247-253 (1904). (145) Paterno, Ann. 151, 116-121 (1869). (146) Paterno, Gazz. chim. 

Ual. 1, 690-592 (1871). (147) Pateino, Oglialoro, Ber. 7, 81 (1874). (148) Balfe, Webber, 
J. Chem. Soc. 1942, 719-720. (149) Kerp, Bauer, Cent. 1907, II 270. (150) Rathke, Ann. 101, 
154-166 (1872). 

(151) Backer, Rec. trav. chim. 48, 571-574 (1929). (152) Bayer, Villiger, Ber. 33, 2481-2484 

(1900). (153) Frankfurter, Kritchevsky, J. Am. Chem. Soc. 86, 1511-1529 (1914). (164) 

Dinesmann, Compt. rend. 141, 201 (1906). (155) Chattaway, Muir, J. Chem. Soc. 1934, 701- 
703. (156) Florence, Bull. soc. chim. (4) 49, 926-927 (1931). (157) Baeyer, Ber. 5, 1098-1099 

(1872). (158) van Laer, Bull. soc. chim. 28, 346-350 (1919). (159) lozitsch, J. Ruaa. Phya.^ 
Chem. Soc. 34, 97 (1902). (160) Howard, Stephens, J. Am. Chem. Soc. 60, 228 (1938). 

(161) Fischer, Ber. 7, 1191 (1874). (162) Harris, Frankfurter, J. Am. Chem. Soc. 48, 3144- 

3147 (1926), (163) Brand, Busse-Sundermanii, Ber. 75, 1819-1829 (1942). (164) Frankforter, 

Kritchevsky, J. Am. Chem. Soc. 37, 385-392 (1915). (165) Howard, J. Am. Chem. Soc. 57, 

2317-2318 (1935), (166) Hubert, Bull. soc. chim. (4) 27, 49, 63-64 (1920). (167) Brand, 

Krucke-Amelung, Ber. 72, 1031-1032 (1939). (168) Zeidler, Ber. 7, 1180-1181 (1874). (169) 

Grabowsky, Herold, Z. physik. Chem. B-28, 290-302 (1935). (170) Post, J. Org. Chem. 0, 

830-836 (1941). 

(171) Kuntze, Arch. Pharm. 246, 97-110 (1908). (172) Jacobsen, Ann. 157, 243-248 (1871). 

(173) Houben, Fischer, Ber. 64, 243 (1931). (174) Martius, Msndelssohn-Bartholdy, Ber. 3, 

443-446 (1870). (175) Sprongerts (to Kalle and Co.), Ger. 430,732, June 19, 1926; Cent. 1026, 

II 1160-1161; not in C.A. (176) Magnanni, Gazz. chim. ital. 16, 332 (1886). (177) Meerwein, 

Bersin, Burneleit, Ber. 62, 1007 (1929). (178) Gabutti, Gazz. chim. ital. 31, I 86-89 (1901). 

(179) Vitoria, BuU. acad. roy. Belg. 1904, 1087-1123 (1904) ; Cent. 1905, 1 345. (180) Fourneau, 

Florence, BuU. soc. chim. (4) 47, 350-356 (1930). 

(181) Perganni, Gazz. chim. ital 26, II 470-472 (1896). (182) Whitmore, Homeyer, J. Am. 

Chem. Soc. 55, 4195 (1933). (183) Hoflfmann-LaRoche and Co., Ger. 151,188, May 11, 1904; 
Cent. 1904, I 1506. (184) Hibbert, Morazain, Paquet, Can. J. Research 2, 131-143 (1930); 

{Cent. 1930, 1 3770]; [C.A. 24, 2109 (1930)]. (185) de Forcrand, BuU. aoc. chim. (3) 2, 256 (1889). 

(186) Meldrum, Vad, J. Indian Chem. Soc. 13, 118-122 (1936). (187) White, Hixon, J. Am. 

Chem. Soc. 55, 2438-2444 (1933). (188) Coles, Goodhue, Hixon, J. Am. Chem. Soc. 51, 519-624 
(1929). (189) Goodhue, White, Hixon, J. Am. Chem. Soc. 52, 3191-3195 (1930). (190) Hanriot, 

KHng, Ann. chim. (9) 12, 129-150 (1919). 

(191) Hanriot, Ann. <him. (8) 18, 466-502 (1909). (192) Hanriot, BuU. aoc. chim. (4) 5, 

819-826 (1909). (193) Genot, J. pharm. chim. Belg. 8, 407-410 (1926); Cent. 1026, II 803; 
C.A. 21, 3706 (1927). (194) Cheramy, J. pharm. chim. (9) 1, 233-234 (1940); CerU. 1041, I 

2837; cf. C.A. 34, 2878 (1940). (195) Lespagnol, Paris, Merville, BuU. aoc. chim. biol. 24, 117- 

119 (1942); Cent. 1943, II 1742; C.A. 38, 6863 (1944). (196) Truffert, BuU. soc. chim. biol. 24, 

195-199 (1942); Cent. 1044, I 303; C.A. 89, 1820-1821 (1946). (197) Haakh, Smola, Austrian 
141,159, March 26, 1935; Cent. 1985, II 439; C.A. 20, 4021 (1936). (198) Meldrum, Lonkar, 



3:5210 


TRICHLOROACETALDEHYDE 


646 


/. Univ. Bombay 6, Pt. II, 116-119 (1937); Cent, 1988, I 4034; C.A. 82, 3760 (1938). (199) 
Pauly, Schanz, Ber. 66, 981-986 (1923). (200) ter Meer, Ber. 7, 1201-1202 (1874). 

(201) Elba, J, prakt. Chem. (2) 47, 59-79 (1893). (202) Harden, Reid, J. Am. Chem. Soc. 64, 
4333-4334 (1932). (203) Mazzara, Gazz. chim. ital. 18, 271-272 (1883). (204) Spengler, Pfan- 
nenstiehl (to Winthrop Chem. Co.), U.S. 1,819,132, Aug. 18, 1931; Cent. 1982, II 1381; C.A. 26, 
6678 (1931). (205) Pauly, Strasstoger, Ber. 62, 2279 (1929). (206) Mauthner, J. prakt. Chem, 
(2) 110, 128 (1925). (207) Chattaway, Morris, J, Chem. Soc, 1927, 2013-2017. (208) Moore, 

lotoa State CoU. J, Sci. 16, 99-102 (1941) ; C.A. 86, 4396 (1942). (209) Fritsch, Feldmann, Ann. 
806, 77-79 (1899). (210) Feuerstein, Ber. 84, 415 (1901). 

(211) Erdtman, Ann. 506, 199 Note (1933). (212) Kaufmann, Burr, Ber. 40, 2359 (1907). 
(213) Pinner, Ber. 81, 1926-1938(1898) ; cf. Ber. 88, 1432-1433 (1900). (214) Staudinger,Kon,Ann. 
884, 87 (1911). (215) Schering-Kahlbaum, Brit. 459,462, Feb. 4, 1937; Cent. 1987, I 3618; 
C.A. 81, 3942 (1937) : Swiss 187,423, Feb. 1, 1937; Cent. 1987, II 626; not in C.A. (216) GarzaroUi- 
Thurnlackh, Monatsh. 12, 556-565 (1891). (217) von Auwers, Schnudt, Ber. 46, 487-^94 (1913). 

(218) McKenzie, Plenderleith, J. Chem, Soc. 128, 1092-1093 (1923). (219) Kurien, Pandya, 
Surange, J. Indian Chem. Soc. 11, 826 (1934). (220) von Auwers, Wissebach, Ber. 56, 735 

(1923). 

(221) Nelson, J. Am. Chem. Soc. 62, 2929-2933 (1930). (222) Fittig, MiUer, Ann. 266, 43-51 
(1^9). (223) Wislicenus, Nassauer, Ann. 285, 7-10 (1895). (224) Wallach, Ann. 193, 35-47 

(1878). (225) Wallach, Heymer, Ber. 9, 545-547 (1876). (226) Neiicki, J. prakt. Chem. (2) 

17, 239-240 (1878). (227) Boeseken, Blok, Cent. 1927, I 2987; not in C.A. (228) Meldrum, 

Bhatt, J. Univ. Bombay, 3, 149-152 (1934); Cent. 1936, I 3128; C.A. 29, 4734 (1935). (229) 

Shah, Alimchandani, J. Univ. Bombay 6, Pt. 2, 132-136 (1936); Cent. 1938, I 57; C.A. 31, 3002 
(1937). (230) Yorston, Rec. trav. chim. 46, 711-714 (19270. 

(231) Shah, Alimchandani, J. Indian Chem. Soc. 11, 545-550 (1934). (232) Bistrzycki, 

Brenken, Helv. Chim. Acta 3, 455 (1920). (233) Calvet, Mcjuto, J. Chem. Soc. 1936, 554-556; 

Anales soc. espafi.fis. quim. 34, 641-649 (1936); Cent. 1938, I 586; C.A. 31, 5756 (1937). (234) 
Shah, Alimchandani, J. Indian Chem. Soc. 13, 475-477 (1936). (236) Hurr^, Meldrum, J. 

Indian Chem. Soc. 11, 535-538 (1934). (236) Alimchandani, Meldrum, J. Chem. Soc. 119, 
201-209 (1921). (237) Shah, Alimchandani, /. Indian Chem. Soc. 11, 467^69 (1934). (238) 

Shah, Alimchandani, J. Indian Chem. Soc. 8, 261-270 (1931). (239) Alimchandani, Meldrum, 

J. Indian Chem. Soc. 2, 1-9 (1925). (240) Schleussner, Voswinckel, Ann. 422, 111-133 (1921). 

(241) Meldrum, Chandam, J. Indian Chem. Soc. 6, 253-268 (1929). (242) Brass, Fiedler, 

Ber. 66, 1655, 1657 (1932). (243) Fritsch, Ann. 296, 344-345, 350-352 (1897). (244) Chat- 
taway, Calvet, Anales soc. espafi. /is. quim. 26, 75-91 (1928); Cent. 1928, 1 2618; C.A. JK8, 1965 
(1928). (245) Chakravarti, Perkin, J. Chem, Soc. 1929, 196-201. (246) Buehler, Block, J. 
Am. Chem. Soc. 68, 532-533 (1946). (247) Meldrum, Kapadia, J. Indian Chem. Soc. 9, 483- 

491 (1932). (248) Meldrum, Parikh, Proc. Indian Acad. Sci. A-1, 431-436 (1935). (249) 
Alimchandani, J. Chem. Soc. 126, 639-543 (1924). (250) Feist, Dschu, Fesischiift A. Tschirch 

1926, 23-29; Cent. 1927, II 58; C.A. 22, 3405 (1928). 

(25l) Chopra, Ray, J. Indian Chem. Soc. 13, 480 (1936). (252) Bargellini, Molina, Gazz. 

chim. Hal. 42, II 403-408 (1912). (253) Alimchandani, Meldrum, J. Chem. Soc. 117, 964-970 

(1920). (254) Horzig, Ann. 421, 283-289 (1921). (255) Chattaway, Calvet, J. Chem. Soc. 

1927, 686-692. (256) Meldrum, Tata, J, Univ. Bombay 6, Pt. II, 120-122 (1937); Cent, 1938, 

I 4036; C.A. 32, 3761 (1938). (257) Chattaway, Irving, J. Chem. Soc. 1934, 325-330. (258) 

Irving, Curtis, J. Chem. Soc. 1M3, 319-321. (259) Chattaway, Calvet, J. Chem. Soc. 1928, 

2913-2918; Anales soc. espafi.fis. quim. 26, 320-326 (1928) ; Cent. 1929, 1 528; C.A. 23, 699 (1929). 
(260) Schiff, Ber. 31, 1304-1306 (1898). 

(261) Marvel, Dreger, Org. Syntheses, ColL Vol. 1 (2nd ed.) 238-240 (1941); (1st ed.) 233-235 
(1932); 6, 40-42 (1926). (262) Kulkarni, Shah, J. Univ. Bombay 10, Pt. 3, 120-121 (1941); 
C.A. 36, 3795 (1942). (263) Meyer, Bulk, Ann. 171, 65-78 (1874). (264) Delacre, BuU. soc. 

chim. (2) 48, 716 (1887). (265) Deodhar, J. Indian Chem. Soc. 11, 83-86 (1934). (266) Gabutti, 
BargeUini, Gazz. chim. ital. 31, I 82-85 (1901). (267) Bayer and Co., Ger. 121,223, June 3, 
1901; Cent. 1901, II 69. (268) Spath, Monatsh. 36, 37 (1915). (269) Wegseheider, Spath, 
Monatsh. 30, 847 (1909). (270) Parlee, Dacey, Coffin, Can. J. Research 16-B, 254-259 (1937) 

Cent. 1988, I 4307; C.A. 31, 6538 (1937). 

(271) Coles, J. Am. Pharm. Assoc. 27, 477-480 (1938); Cent. 1939, I 96; C.A. 32, 7671 (1938). 
(272) Einhorn, Ann. 266, 209-238 (1891), (273) Einhorn, Liebrecht, Ber. 20, 1592-1594 (1887). 
(274) Feist, Arch. Pharm. 240, 180-184 (1902). (275) Ldffler, Kaim, Ber. 42, 96-97 (1909). 
(276) Koller, Monatsh. 47, 394 (1926). (277) Clemo, Ramage, J. Chem. Soc. 1932, 2972. (278) 
Winterfeld, Holschneider, Arch. Pharm. 277, 198, 200-201 (1939). (279) Boehringer and Sons, 
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Ger. 42,987, May 27, 1887; PriedUinder 1 , 194 (1888). (280) TuUoch, McEIvain, J. Am. Chem. 
Soc. 61, 963 (1939). 

(281) Brand, Reuter, Ber. 72, 1668-1678 (1939). (282) Diiring, Ber. 38, 167 (1905). (283) 
Rabe, Kindler, Ber. 52, 1847-1850 (1919). (284) Rabe, Kindler, Wagner, Ber. 55, 535-536 

( 1922) . (285) Alberts, Bachman, J. Am. Chem. Soc. 57, 1285-1286 (1935) . (286) Webb, Corwin, 
J. Am. Chem. Soc. 66, 1458 (1944). (287) Rabe, Hunteuberg, Schultze, Volger, Ber. M, 2493- 

2496 (1931). (288) Koenigs, Ottmann, Ber. 54, 1345-1347 (1921). (289) Takahaski, J. Pharm. 

Soc. Japan, 46, 168-170 (1929); Cent. 1930, I 1308; C.A. 24, 1380 (1930). (290) Schubert. 
Ber. 27, 86-90 (1894). 

(29l) Koenigs, Mengel, Ber. 37, 1335-1337 (1904). (292) Kondo, Matsumo, J. Pharm, Soe. 

Japan 49, 79-83 (1929); Cent. 1929, II 1006; C.A. 23, 4218 (1929). (293) Gerngross, Ber. 42, 
400-401 (1909). (294) Einhorn, Ber. 18, 3465-3468 (1885); 19, 904-911 (1886). (295) von 

Miller, Spady, Ber. 18, 3402-3405 (1885); 19, 130-134 (1886). (296) Clemo, Hoggarth, J. 

Chem. Soc. 1939, 1242. (297) Koenigs, Muller, Ber. 37, 1337-1340 (1904). (298) Chattaway, 

Witherington, J. Chem. Soc. 1935, 1178-1179. (299) Jones, Kenner, J. Chem. Soc. 1930, 927. 
(300) Henry, BuU. acad. roy. Belg. (3) 32, 17-32 (1896); BxjJl. soc. chim. (3) 15, 1223 (1896); 
Cmnpt. rend. 120, 1262 (1895). 

(301) Chattaway, Drewitt, Parkes, J. Chem. Soc. 1036, 1693-1694. (302) Irving, J. Chem, 

Soc. 1936, 797-801. (303) Chattaway, Drewitt, Parkes, J. Chem. Soc. 1936, 1530-1532. (304) 

Chattaway, Witherin^on, J. Chem. Soc. 1935, 1623-1624. (305) Chattaway, Drewitt, Parkes, 
J. Chem. Soc. 1936, 1294-1295. (306) Khaiasch, Kleiger, Martin, Mayo, J. Am. Chem. Soc. 

63, 2305-2307 (1941). (307) Victoria, Rec. trav. chim. 24, 268-271 (1905) ; BuU. acad. roy. Belg. 

1904, 1087-1123; Cent. 1905, I 344-345. (308) Bayer and Co., Ger. 151,545, May 20, 1904; 
Cent. 1904, I 1586. (309) Gilman, Abbott, J. Org. Chem. 8, 224-229 (1943). (310) Howard, J. 
Am. Chem. Soc. 48, 774-775 (1926). 

(311) lothitch, J. Russ. Phys’Chem. Soc. 36, 445 (1904); BuU. soc. chim. (3) 34, 329 (1905). 
(312) Howard, J. Am. Chem. Soc. 49, 1068-1069 (1927). (313) Floutz, J. Am. Chem. Soc. 67, 

1615-1616 (1945). (314) Floutz, J. Am. Chem. Soc. 65. 2255 (1943). (315) lotsitch, J. Russ. 
Phys.-Chem. Soc. 34, 96 (1902). (316) Howard, Brown, J. Am. Chem. Soc. 58, 1657 (1936). 

(317) Dean, Wolf, J. Am. Chem. Soc. 58, 332 (1936). (318) Pinner, Bischoff, Ann. 179, 77-85 
(1875). (319) Pinner, Ber. 17, 1997 (1884). (320) Bischoff, Pmner, Ber. 5, 208-212 (1872). 

(321) Behrend, Kolln, Ann. 416, 231-233 (1918). (322) Hagemann, Ber. 5, 151-152 (1872). 
(323) Francis, Davis, J. Chem. Soc. 95, 1407 (1909). (324) Pinner, Fuchs, Ber. 10, 1061 U877). 
(325) Cocker, Lapworth, Peteis, J. Chem. Soc. 1931, 1382-1391. (326) Crowther, McCombie, 
Reade, J. Chem. Soc. 105, 933-947 (1914). (327) WaUach, Ann. 173, 288-302 (1874). (328) 

Cope, Clarke, Connor, Org. Syntheses, CoU. Vol. 2 (1st ed.), 181-183 (1943); 19, 38-39 (1939). 
(329) Clarke, Shibe, Connor, Org. Syntheses 20, 37-39 (1940). (330) Arndt, Eistert, Ber. 61, 

1121 (1928). 

(331) Schlotterbock, Ber. 42, 2561 (1909). (332) Meerwein, Bersin, Burneleit, Ber. 62, 1006- 
1007 (1929). (333) Wallach, Ann. 173, 274-284 (1874); Ber. 5, 251-256 (1872); 4, 668-669 
(1871). (334) Eibner, Ann. 302, 335-370 (1898). (335) Jordan, J. Am. Chem. Soc. 82, 973- 

977 (1910). (336) Rugheimcr, Ber. 39, 1653-1664 (1906). (337) Marvel, Hiers, Org. Syntheses, 

CoU. Vol. 1 (2nd ed.), 327-330 (1941); (1st ed.) 321-324 (1932); 5, 71-74 (1925). (338) Sand- 
meyer, Helv. Chim. Acta 2, 234-242 (1919). (339) Geigy A.G., Ger. 313.725, July 21, 1919; 
Cent. 1919, IV 665; not in C.A.: Brit. 128,122 [C.A. 13, 2375 (1919)]. (340) Wibaut, Geerling, 

Rec. trav. chim. 50, 41-43 (1931). 

(341) Geigy A.G., Ger. 320,647, April 26, 1920; Cent. 1920, IV 223; not in C.A. (342) 
Wheeler, Weller, J. Am. Chem. Soc. 24, 1063-1066 (1902). (343) Wheeler, J. Am. Chem. Soc. 

30, 136-142 (1910). (344) Wheeler, Jordan, J. Am. Chem. Soc. 31, 937-943 (1909). (345) 
Gulland, Robinson, Scott, Thornley, J. Chem, Soc. 1929, 2924-2941. (346) Boessneck, Ber. 21, 

782-784 (1888). (347) Meldrum, Advani, J. Indian Chem. Soc. 10, 107-110 (1933). (348) 

Advani, Wheeler, Rec. trav. chim. 52, 257-266 (1933). (349) Advani, J. Indian Chem. Soc. 10, 

621-624 (1933). (350) Zierold, Ger. 61,551, Feb. 10, 1892; Friedl&nder 3, 109 (1896). 

(351) Knofler, Boessneck, Ber. 20, 3193-3196 (1887). (352) Boessneck, Ber. 18, 1516-1521 
(1885). (353) Causse, BuU. soc. chim. (3) 17, 547-553 (1897). (354) Stepanow, Kusin, Ber. 
65, 1239-1241 (1932). (355) Torres, Brosa, Anales soc. espah. fis. quim. 32, 509-518 (1934);* 

Cent. 1935, I 382; C.A. 28, 6104 (1934). (356) Brady, J. Chem. Soc. 1981, 756-759. (357) 
Chattaway, Bennett, J. Chem. Soc. 1927, 2850-2853. (358) Chattaway, Adair, J. Chem. Soe. 
1933, 148^1490. (359) Chattaway, Daldy, J. Chem. Soc. 1928, 2756-2762. (360) Chattaway. 
Browne, J. Chem. Soc. 1931, 1088-1092. 

(361) Chem. Fabrik Schering, Ger. 50,586, Dec. 18, 1889; PriedUinder 2, 524 (1891). (362) 
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Feist, Ber, 45, 945-962 (1912). <363) Bennett. Campbell, Qvart. /. Pharm. Pharmacol, 8, 398- 
400 (1935) ; Cent. 1936, 1 1916; C.A. 30, 813 (1936). (364) Moscheles, Ber. 24, 1803-1805 (1891). 
(365)' Meldrum, Vad, J. Indian Chem. Soc. 13. 117-118 (1936). (366) Yelburgi, Wheeler, J, 
Indian Chem. Soc. 11, 217-223 (1934). (367) Meldrum, Bhajraj, J. Indian Chem. Soc. 13, 
185-186 (1936). (368) Pinner, Klein, Ber. U, 10-11 (1878). (369) Meldrum, Deodhar, J. 

Indian Chem, Soc. 11, 529-533 (1934). (370) Hirwe, Deshpande, Proc Indian Acad. Sci. A-13, 
275-276 (1941). 

(371) Hirwe, Deshpande, Proc. Indian Acad. Sci. A-13, 277-280 (1941). (372) Kaufmann, 
Arch. Pharm. 265, 237-238 (1927). (373) Ritsert (to Goedecke and Co.), Ger. 498,432, May 28, 

1930; Cent. 1930, II 584; C.A. 24, 3861 (1930). (374) Hirwe, Rana, Ber. 72, 1346-1350 (1939). 
(375) Hirwe, Gavankar, Patil, Proc. Indian Acad. Sci. A-11, 512-516 (1940). (376) Hirwe, 

Rana, J. Indian Chem. Soc. 16, 677-680 (1939). (377) Hirwe, Rana, J. Univ. Bombay 7, Pt. 
Ill, 174-177 (1938); Cent. 1939, II 383; C.A. 33, 3778 (1939). (378) Hirwe. Gavankar, J. 
Univ. Bombay 6. Pt. II, 123-126 (1937); Cent. 1938, I 4172; C.A. 32, 3762 (1938). (379) Rana, 

J. Indian Chem. Soc. 19, 299-302 (1942). (380) Hirwe, Kulkarni, Proc. Indian Acad. Sci. 
A-13, 49-52 (1941). 

(381) Coppin, Titherly, J. Chem. Soc. 165, 32-36 (1914). (382) Chattaway, James, Proc. 
Roy. Soc. (London), A-134, 372-384 (1931). (383) Feist, Ber. 47, 1188-1193 (1914). (384) 

Chattaway, James, J. Chem. Soc. 1934, 109-113. (386) Chattaway, Kerr, Lawrence, J. Chem. 
Soc. 1033, 30-32. (386) van der Zande, Rec. trav. chim. 8, 238-241 (1889). (387) Diels, Seib, 
Ber. 42, 4062-4072 (1909). (388) Bischoff, Ber. 7, 631-632 (1874). (389) Meldrum, Pandya, 
J. Univ. Bombay, 6, Pt. II. 114-116 (1937); Cent. 1938, I 3462; C.A. 32, 3760 (1938). (390) 

Roduta, Quibilan, Rev. filipina med. farm. 27, 123-130 (1936); C.A. 31, 98 (1937). 

(391) Allen, Richmond, J. Org. Chem. 2, 225 (1937). (392) Kling, BuU. soc. chim. (4) 5, 

412-414 (1909); Compt. rend. 148, 569 (1909). (393) Knopfer, Monatsh. 32, 768-771 (1911). 
(394) Darapsky, Prabhakar. Ber. 45, 2624-2625 (1912). (396) Miiller, Ber. 47, 3021 (1915). 

(396) Sah, Kao, Chang, J. Chinese Chem. Soc. 2, 236 (1934). (397) Busch, Achterfeldt, Seufert, 
J. praki. Chem. (2) 92, 24 (1916). (398) Koenigs, Ber. 25. 794-797 (1892). (399) Wislicenus, 

Kiroheisen, Sattler, Ber. 26, 908-915 (1893). (400) Sen, Barat, J. Indian Chem. Soc. 2, 403- 
414 (1926). 

(401) Uschakoff, J. Russ. Phys.-Chem. Soc. 29. 113-118 (1897); Cent. 1897, I 1019. (402) 
Koenigs, Wagstaile, Ber. 26, 554-556 (1893). (403) Sumerford, Dalton, J. Org. Chem. 9, 
81-84 (1944). (404) Frolich, Wiezevich (to Standard Oil Dev. Co.), U.S. 2,042,303, May 26, 

1936; Cent. 1936, II 3193; C.A. 36, 4871 (1936); Ger. 629,897, May 26, 1936; Cent. 1936, II 
2448; C.A. 36, 6006 (1936). (405) Cristol, Hayes, HaUer, Am. Chem. Soc. 68, 913-914 (1946). 


3:5220 2^-DICHLOROBUTADI£NE-l,3 

H2C 


Cl Cl C 4 H 4 CI 2 


44 


==CH2 


Beil. S.N. 12 


B.P. 98® at 760 mm. (1) (2) Df = 1.1829 (1) n?? * 1.4890 (1) 

41-43^ at 85 mm. (1) 

40-43*’ at 86 mm. (3) 


(For prepn. of C ( 86 % yield (1)) from l,2,3-trichlorobutene-3 (2,3,4-trichlorobutene-l ) 
(3:9064) with excess MeOH/KOH at 10-15® see ( 1 ) ( 2 ); for formn. (together with other 
products) from 1,2,3,4-tetrachlorobutane (3:1760) with MeOH/KOH at 10-18® see (1) 
( 2 ); from chloroprene (3:7080) by addn. of ICl foUowed by treatment with ale. KOH (3).] 
C polymerizes completely within 24 hrs. at room temp., in about 40 min. at 85-90®; this 
is about 10 times as fast as chloroprene (3 : 7080) and 7000 times as fast as isoprenc (1 : 8020). 
The polymer is a white opaque tough hard mass, non-plastic and lacking extensibility. 
It is insol. in and separates from liquid C but is partly soluble in CHCI 3 ( 1 ). The poly- 
merization is inhibited by hydroquinone and accelerated by benzoyl peroxide ( 2 ). 

C does not (1) react with maleic anhydride (1 : 0625) or with 1,4-naphthoquinone (1 : 9040). 


3:5226 (l) Carothers, Berchet, J. Am. Chem. Soc. 55, 2004-2008 (1933). (2) Carothers, Berohet, 
U.S. 1,965,319, July 3, 1934; Cent. 1935, 1 3724; C.A. 28, 5716 (1984). (3) Petrov, J. Oen. Chem. 
(U.S.S.R.) 13, 155-158 (1943); C.A. 38, 1466-1467 (1944). 



649 


LIQUIDS WITH > 1.16 


3:5225-3:5935 


3:5225 METHOXYACETYL CHLORIDE CsHsC^a Beil. S.N. 220 

CH3OCH2— c=o 

ii 

B.P. 99^ <1) « 1.1871 r?S « 1.41945 <2) 

50-51^ at 69 mm. (2) 

[For prepn. of C from methoxyacetic acid (1:1065) with SOCI2 (yields: 70% (1), 46% 

(2) ) see indie, refs, (note that best yield is obtd. with 10% less than 1 mole SOCI2 (1) 
since cleavage of the methoxy group is thus minimized) ; from methoxyacetic acid anhydride 
[Beil, nil- (92)1 with COCI2 (3:5000) at 160® under reduced press, over CaCl2 on pumice 
see (3); from chloromethyl methyl ether (3:7035) contg. 4.67% dislvd. ZnCl2 on shaking 
with CO at 25-50® and 275-625 pounds press, for 8 hrs. see (4).] 

[C with aJes. + pyridine in CHCI3 soln. ^ves (1) corresp. esters; for rcactn. of C with 
benzyl ale. (1:6480), with /3-phenylethyl a c. (1:6505), citronellol, or geraniol (1:6270) 
see (1); with menthol (1:5940) see (5); for study of rate of reactn. of C with benzyl ale. 
(1:6480), cyclohexanol (1:6415), or ethylene chlorohydrin (3:5552) in dioxane soln. see 

(2y 

C on hydrolysis yields methoxyacetic acid (1:1065); for the amide, anilide, and other 
derivs. corresp. to C see methoxyacetic acid (1 : 1065). 

3:5226 (1) Rothstein, BuU. soc. chim. (4) 61, 840 (1932). (2) Leimu, Ber. 70, 1044, 1050 (1937). 

(3) Stellmann, French 785,075, Aug. 1,- 1935; Cent. 10^, II 3301. (4) Scott (to du Pont Co.), 

U.S. 2,084,284, June 15, 1937; Cent. 1037 , II 2261; C.A. 31 , 5383 (1937). <5) Rule, Smith, 

J. Chem. Soc. 127 , 2191 (1925). 


3:5230 1, 2, 3-TRICHLORO-2- (CHLOROMETHYL). CsHgCU 

BUTANE 

CH2— Cl 

CHr-CH— d; CH, 

ii 


BeU. S.N. 10 


B.P. 102-104° (1) 

Di* = 1.3997 <2) 

= 1.5012 

<2) 

102-103° (2) 


ni* - 1.51036 
ny = 1.5033 

(2) 


Dl* = 1.4133 (1) 

(1> 

[For prepn. of C from 3.chloro-2- (chloromethyl )butene-l (3:9206) 

with CI2 + NaHCOs 


at 0® (90% yield) see (1); for formn. from other sources see (2).] 

[C with ale. KOH gives (2) (by loss of 1 HCl) l,3-dichloro-2-(cliloromethyl)butene-l 
(3:9201) and (by further loss of 1 HCl or perhaps 2 HCl from C) also l-chloro.2-(chloro- 
methyl)butadiene-l,3 (3:9195).] 

C on hydrolysis with aq. K2CO3 -f KOH yields (2) an alcohol. 


3:6230 (l) Tishchenko, /. Gen. Chem. (U.S.S.R.) 8, 1232-1246 (1938); Cent. 1939 , II 4222; 
C.A. 33 , 4190 (1939). (2) Tishchenko, /. Gen. Chem. {U.S.S.R.) 6 . 1116-1132 (1936); Cent. 
1937 , I 673; C.A. 31 , 1003 (1937). 


3:5235 CHLOROACETYL CHLORIDE CH2— C=0 C 2 H 2 OCI 2 

<!;i Ai 


BeU. n - 199 
n,-( 89) 
n,-(i93) 


BJ>. 105.0° at 760 mm. (1) Oj® - 1.4202 (1>; n|? = 1.4541 (1); 

104.7-105.2° <2) 1.4177 (4) 1.4535 (4) 

103-106° at 760 mm. <3) 
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{For prepn. of C from chloroacetic acid (3:1370) with PCI 3 (5) (40), or in HCl atm. 
under press, at 160® (6), or with ZnCl 2 (67% yield (7)) see indie, refs.; with P 2 O 6 + HCl 
gas at 200 ® see ( 8 ); with SOCI 2 (yields: 95% (9), 55% ( 10 ), 50% (7)) ( 11 ) see indie, refs.; 
with benzoyl chloride (3:6240) (yield 71-76%) see (12); with oxalyl dichloride (3:5060) 
(80% yield) see (3); with phosgene (3:5000) over activated carbon at 200® see (13); with 
benzotrichloride (3:6540) + ZnCl 2 at 80-90® (80% yield) see (14); with CI 2 + S 2 CI 2 
(96% yield (15)) or CI 2 + lower chlorides of sulfur + FeCla, SnCU, etc., at 50-60® (82% 
yield (16)) see indie, refs.] 

(For prepn. of C from chloroacetic acid anhydride (3:0730) with oxalyl dichloride 
(3:5060) see (3); from ketene with NOCl see (17); from a,/ 3 -dichlorovinyl ethyl ether 
(3:5540) + HCl gas see (18); from a,/3-dichloroethylcne + O 2 in pres, of Br 2 or cone. 
H 2 SO 4 see (19); from acetyl chloride (3:7065) with CI 2 in simlight ( 20 ) or in CCI 4 in u.v. 
light ( 21 ) or in pres, of I 2 ( 22 ) see indie, refs.; from a-chloroethyl chloroacetate on htg. 
with 0 . 02 % ZnCh see (23); from 2 - (chloroacetoxy) hexene - 1 with HCl gas see (24), from 
CH 2 CI 2 (3:5020) + AICI 3 + CO gas at 200 ® and 900 atm. see (41).] 

C on htg. with Na 2 C 03 (25) or with KNO 3 (81% yield (26)) gives chloroacetic acid 
anhydride (3:0730) q.v., m.p. 46®. — C treated at —5® with HI gas gives ( 68 % yield (27)) 
chloroacetyl iodide, b.p. 36.5° at 4 mm. (27). [For behavior of C with HBr gas see (40).] 

C with MeOH yields (28) methyl chloroacetate (3:5585), b.p. 131®; C with EtOH (29) 
or with triethyl orthoformate (1:3241) at 100-110° (90% yield (30)) gives ethyl cliloroace- 
tate (3:5700), b.p. 144®. 

[C with ethylene -f AICI 3 gives (small yield (31)) l,4-dichlorobutanone-2, b.p. 63-65® 
at 3 mm. (31). — C with CeHe + AICI 3 gives (32) a>-chloroacetophenone (phenacyl chloride) 
(3:1212); C with ?w-dichlorobenzene (3:5960) + AICI 3 gives (33) 2,4-dichlorophenacyl 
chloride [Beil. VII-283], m.p. 57° (33); C with biphenyl -f- AICI 3 gives (77% yield (34)) 
p-phenylphenacyl chloride (3:3934), m.p. 122-123° (34); C with naphthalene + AlCla 
in CS 2 gives (35) cf. (36) chloromethyl ^-naphthyl ketone.] 

(C with large excess (4 moles) MeMgBr or MeMgl gives (48-51% yield (37)) (38) 
2-methylbutanol-3 (1:6170); C with large excess CeHsMgBr in ether gives (31% yield 
(39)) 1,2,2-triphenylethanol-l [Beil. VI-721], m.p. 87.5-88.5° (39); note that the isomeric 
1,1,2-triphenylethanol-l [Beil, VIi-(354)] has almost same m.p., viz., 89®.] 

C hydrolyzes with aq. yielding chloroacetic acid (3: 1370) q.v. — For the amide, anilide, 
p-toluidide, and other derivs. corresp. to C see chloroacetic acid (3: 1370). 


S:5235 (1) Martin, Partington, J. Chem. Soc. 1936, 162. ( 2 ) Cheng, Z. physik. Chem. B-26, 
295 (1934). (3) Adams, Ulich, J. Am. Chem. Soc. 42, 604, 606 (1920). (4) Vanderstichele, 
J. Chem. Soc. 123, 1228 (1923). (5) de Wilde, Ann. 130, 372-373 (1864). ( 6 ) Scheuble, Ger. 

261,806, Oct. 8 , 1912; Cent. 1912, II 1503-1504. (7) Clark, Bell, Trane. Roy. Soc. Canada 
(3) 27, III 97-103 (1933). ( 8 ) Frankland, Patterson, /. Chem. Soc. 73, 190 (1898). ( 9 ) Barnett, 
Chem. News 122, 220-221 (1921) ; Cent. 1921, III 463. (10) McMaster, Ahmann, J. Am. Chem. 
Soc. 50, 146 (1928). 

(11) Bdeseken, Rec. trav. chim. 32, 5 (1913). (12) Brown, /. Am. Chem. Soc. 60, 1325-1328 

(1938). (13) Hochstetter, Ger. 283,896, April 27, 1915; Cent. 1915, I 1190. (14) Rabcewicz- 
Zubkowski, Roezniki Chem. 9, 526-527 (1929); Cent. 1929, II 2767; C A. 24, 61 (1930). (15) 
Read, J. Am. Chem. Soc. 44, 1751 Note (1922). (16) Britton (to Dow Chem. Co.), U.S. 1,805,162, 
May 12, 1931; Cent. 1931, II 631; C.A. 25, 3670 (1931). (17) Deakin, Wilsmore, J. Chem. Soc. 
97, 1977 (1910). (18) Consortium fiir Elektrochem. Ind., Ger. 222,194, May 19, 1910; Cent. 

1910, 1 1999. (19) Consortium ftir Elektrochem. Ind., Ger. 340,872, Sept. 19, 1921; Cent. 1921, 

IV 1101. (20) Wurtz, Ann. chim. (3) 49, 60 (1857). 

(21) Benrath, Hertel, Z. loiss. Phot. 23, 35 (1924). (22) Jazukowitsch, Zeit. far Chemie 1868, 
234. (23) Soc. Usines Chimiques Rhone-PoiUenc, Brit. 329,721, June 19, 1930; Cent. 1930, II 
1611. (24) Slanina, Hennion, J. Am. Chem. Soc. 59, 856 (1937). (25) Patterson, Ber. 38, 

211-212 (1905). (26) Diels, Okada, Ber. 44, 3335 (1911). (27) Gustus, Stevens, J. Am, Chem* 
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Soc. 55, 375 (1933). (28) Meyer, Ber. 8, 1152-1158 (1875). <29) Waim, Ann, 199, 109-111 

(1857). (30) Lovaillant, Compt. rend. 195, 882 (1932). 

(31) Carroll, Smith, J. Am. Chem. Soc. 56, 372-373 (1933). (32) Friedel, Crafts, Ann. ehim. 
(6) 1, 507 (1884). (33) Kunckell, Ber. 40, 1702-1703 (1907) (34) Silver, Lowy, J. Am, Chem, 

Soc. 56, 2429-2431 (1934). (35) Morgan, Stanley, J. Soc. Chem. Ind. 44, 494-T (1925). (36) 

Widman, Ber. 61, 911 (1918). (37) Duaton, Jackson, Spero, J, Am. Chem. Soc. 63, 1459-1460 

(1941). (38) Henry, Comph rend. 145, 24 (1907). (39) Boyle, McKenzie, Mitchell, Ber, 76 , 

2159 (1937). (40) Aschan, Ber. 46, 2168 (1913). 

(41) Theobald (to du Pont Co.) U.S. 2,378,048, June 12, 1945; C.A. 39, 4085 (1945). 


3:5245 5 ym.-DICHLORODIMETHYL ETHER C 2 H 4 OCI 2 

( 6 M-(Chloromethyl) ether) CICH 2 .O.CH 2 CI 


B.P. 105® (1) ( 2 ) ( 8 ) Dig = 1.315 ( 1 ) 

104-106® (3) Di® = 1.328 (2) 

103-106® (4) 

Liq. fumg. in moist air. 

C dis. slowly in cold and rapidly in warm aq. owing to hydrolysis to formaldehyde 
(1:0145) + HCl. [For quant, study see (5).] 

[For prepn. from formalin (1:0145), paraformaldehyde (1:0080) (95% yield ( 6 )), or 
hexamethylenetetramine -f chlorosulfonic ac. + cone. H 2 S 04 see ( 6 ) (7); from paraformalde- 
hyde (1 :0080) + cone. II2SO4 -f HCl gas (85% yield ( 8 )) see ( 8 ); for prepn. from dimethyl 
ether by chlorination see (9) (10).] 

[For use in production of halogenated higher ethers by addn. to olefins see (11).] 

3:5245 (l) Regnault, Ann. 34, 31 (1840). (2) Brochet, Ann. chim. (7) 16, 297 (1897). (3) 
Grassi, Maselli, Gaze, chirn. ztal. 28, II 485 (1898). (4) Litterschied, Ann. 336, 116 (1903). 

(5) Bohme, Ber. 74, 248-25G (1941); C.A. 36, 3972-3973 (1941). (6) Stephen, Short, Gladding, 

J. Chem. Soc. 117, 513-515 (1920). (7) Carr, /. Soc. Chem. Ind. 38, 468R (1919). (8) Schneider, 

Angew. Chem. 61, 274 (1938). (9) Salzberg, Werntz (to du Pont, U.S. 2,065,400, Dec. 22, 1936; 

C.A. 31, 1046 (1937); Cent. 1937, I 3715. (10) Booth (to Westinghouso Electric Co.), U.S. 

2,066,905, Jan. 5, 1937; C.A. 31, 1037 (1937); Cent. 1937, I 3529. 

(11) Scott (to du Pont), U.S. 2,024,749, Dec. 17, 1935, Brit. 423,520; C.A. 36, 1067 (1936) ; C.A. 
29, 4374 (1935). 


BeU. I - 582 

11- (305) 

12- (646) 


= 1.435 (2) 


3:5270 1 , 1 , 1 -TRICHLOROPROPANE CH3.CH2.CCI3 CsHgCU Beil. S.N. 10 
C Ethylchloroform 

B.P. 106.5-108.5® (4) Uf - 1.287 (1) 

106-107® (1) (2) 


[For prepn. from 1 , 1 -dichloropropene-l (3:5120) + HCl -j- AICI 3 at 5-10® see ( 1 ) ( 2 ) 
(4).] 

[The compd. listed in Beil. 1-106 as C is erroneous ( 1 ) (3).] 

8:5276 (1) Levine, Cass (to du Pont), British 503,615, May 11, 1939; Cent. 1939, II 1572. (2) 
Levine, Cass (to du Pont), U.S. 2,179,218, Nov. 7, 1939; C.A. 34, 1336 (1940). (3) Van Arkel, 

Rec. trav. chim. 61, 1101 (1932). (4) Henne, Whaley, J. Am. Chem. Soc. 64, 1157 (1942). 
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3:6276 CHLOROMETHYX CHLOROFORMATE C 2 H 2 O 2 CI 2 
(Chloromethyl chlorocarbonate) CICH 2 — 0 — C=0 


Beil, m -- 
ini-( 6) 
m2-(ii) 


B.P. 106.5-107° at 760 mm. <1) 
107° <8) 

106.5° (2) 

104^-107° <3) 

52.5-53° at 100 mm. <1) 


« 1.465 (1) 


Dl} = 1.456 <2) 


» 1.4286 <2) 


See also text. 


{/Sec also dichloromethyl chloroformate (3:5315).] 

Colorless lachrymatory oil. — Note that C cannot by distillation be completely separated 
from dichloromethyl chloroformate (3:5315); the constants listed above are on samples 
contg. (1) about 9% of the latter, or (3) about 7% of dichloromethyl chloroformate + 
2% dimethyl carbonate. 

A mixt. of C with dichloromethyl chloroformate (3 : 5315) has been employed as a chem. 
warfare agent under the names “ K-Stoff,'* “ Palite ** (6). — [For studies of physiological 
action see (4) (5); for action on plant tissue see (7).] 

[For prepn. of C from methyl chloroformate (3:5075) or from methyl formate (1:1000) 
with CI 2 under various conditions see (1) (2) cf. (6) (8) (9).] 

C with aq. at ord. temp, or more rapidly on boilg. or C with aq. alk. in (jold undergoes 
hydrolysis <1) yielding formaldehyde (1:0145) + 2 HCl + CO 2 ; by detn. via oxidn. with 
I 2 + NaOH of the formaldehyde so produced C may be quant, estimated cf. (10) (6); note 
also that this hydrolysis to formaldehyde distinguishes C from various other closely related 
compounds, e.g., methyl chloroformate (3:5075), dichloromethyl chloroformate (3:5315), 
trichloromethyl chloroformate C* Diphosgene **) (3:5515), trichloromethyl trichloroacetate 
(3:0290), (trichloromethyl) carbonate (“ Triphosgene (3:1916), or phosgene 
(3:6000). 

C (1 mole) with Nal (2 moles) in dry acetone at 20° (11) liberates I 2 also yielding formal- 
dehyde (1 : 0146) + CO, but the reaction is not quantitative proceeding only to about 70% 
theoretical (11); but C with dry Nal at 90-100° gives (1) CO -f- CO 2 . Note that C with 
liBr in dry acetone does not (11) liberate bromine; in this respect C is like methyl chloro- 
formate (3:5076) but different from dichloromethyl chloroformate (3:5315) and trichloro- 
methyl chloroformate (“Diphosgene”) (3:5615). 

[C with FeCls or AlCla dec. rapidly at 70° <1) (12) yielding phosgene (3:5000) and 
fonnaldehyde (1:0145).] 

[C with methyl hydrogen sulfate gives (13) methyl chlorosulfonate, formaldehyde, 
CO 2 + HCl; C with chlorosulfonic acid at 100° for 4 hrs. gives (13) chloromethyl chloro- 
sulfonate 4- CO 2 + HCl; C with dimethyl sulfate gives (78% yield (13)) methyl chloro- 
sulfonate.] 

[C with alcohols or C with alkali salts of phenols reacts as an acid chlorine yielding (6) 
the corresp. alkyl or aryl chloromethyl carbonates (1).] 

[C with K phenylcyanamide also reacts as an acid chloride giving (14) chloromethyl 
N-cyano-AT-phenylcarbamate, m.p. 48°.] 

S:527ff ( 1 ) Kling, Florentin, Lassieur, Sohmutz, Compt. rend. 169, 1045-1047 (1919); Ann. chim. 
(9) 13, 44-59 (1920). (2) Grignard, Rivat, Urbain, Compt. rend. 160, 1074-1077 (1919); Ann. 
ehim. (9) 18, 246-248 (1920). (3) Herbst, KoUoiichem. Beihefie, 38, 330-331 (1927). (4) van 
Nieuwenberg, Chem. Weekblad 19, 328 (1922). (5) Fegler, Compt. rend. eoc. hiol. 160, 222-224 
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(1929): Cmt. 1929 , I 31U; C.A. 24 , 6373 (1930). (6) Sartori, “ The War Gases, ” pp. 104-109. 
123-124, D. Van Nostrand Co., Inc., New York City, 1940. (7) Guerin. Lormand, Compt. 

rend. 170 , 401-403 (1920). (8) Hood. Murdock, J. Phya. Chem. 28 , 509-511 (1919). (9) 
Hentschel, J. prakt. Chem. (2) 30 , 104-107, 212 (1887). (10) Del6pine, BuU. aoc. chim. (4) 27 , 

39-46 (1920). 

(11) Ferret, Biechler, Bull. aoc. chim. (5) 3 , 957-958 (1936); Compt. rend. 203 , 84-87 (1936). 
(12) Kling, Florentin, Compt. rend. 169 , 1166 (1919). (13) Kraft, Alekseev, J. Gen. Chem. 
(U.S.S.R.) 2 , 726-729 (1932); Cent. 1983 , II 1666; C.A. 27 , 2426-2427 (1933). (14) Ferret, 
Biechler, BtUl. aoc. ind. Mulhouae, 103 , 168-173 (1937) ; Cent. 1037 , II 374; [C.A. 32 , 2087 (1938)]. 

3:5280 1,3-DICHLOROPROPENE-l CHy— CH=CH C8H4a2 Beil. I- (199) 


(a,7-Dichloropropylene ; 

K 


Ii— 

7-chloroallyl chloride) 



l2-(170) 

Higher-boilg. B.P. 112.0** 

(1) 

= 1.317 (1) 

ng* ■= 1.4730 (1) 

stereoisomer 




Lower-boilg. B.P. 104.3** 

(1) 

= 1.334 (1) 

ng* = 1.4683 (1) 

stereoisomer 




Ordinary C B.P. 110** 

<14) 

Di® .= 1.318 (5) 


109-110** 

<2> 



109“ 

(3) 

Di* = 1.333 (2) 

nf? = 1.4735 (2) 

107-109** 

(4) 



107-108** 

(31) 



106** 

(5) 



105.5-106** 

(6) 



105-106** at 780 mm. 

(7) 



[566 also ZyZ-dichloropropene’\ (3:5140).] 





Note that C has frequently been given the extremely unfortunate designation “/S- 
chloroallyl chloride,’^ a practice which has often led to confusion with 2,3-dichloropropene-l 
(3 : 5190). — Note furthermore that, in addition to existing in cis and trans- configurations, 
the structure C also represents the synionic mesomer of 3,3-dichloropropene-l (3:6140); 
reactions of either mesomer may under certain conditions lead also to derivatives of the 
other. — Finally note further that in all reports prior to 1944 the material designated 
as C was in all probability a mixture of the two geometrical stereoisomers. 

C is a colorless oil with odor suggesting chloroform (4). 

[For prepn. of the two geometrical stereoisomers by careful fractional distillation of 
a higher-bo ilg. fraction obtd. from the chlorination of propylene in the scmi-comml. prepn. 
of allyl chloride (and contg. abt. 60% C + 30% 1,2-dichloropropane (3:5200)) see (1).] 

[For prepn. of ord. C from l,3-dichloropropanol-2 (/S./S'-dichloroisopropyl ale.) (“ glycerol 
o-dichlorohydrin ”) (3:6985) by elimination of H2O with POCI3 (yields: 75% (4), 54% 
(7), 34-39% (8)) (5) or with P2O5 (3) (5) (10) (14) in CeHs (30-40% yield (4)) see indie, 
refs.; note that none of the other conventional dehydrating agents (such as 86% HsFOi 
cone. H2SO4, KHSO4, SOCI2, PCls (11), pels, ZnCl2, I2, B2O8 or anhydrous oxalic acid) 
gives satisfactory results (4); for prepn. of C from /8,/3^-dichloroisopropyl benzenesulfonato 
by htg. at 240-250** (77% yield) see (9).] 

[For formn. of ord. C from 3-chloropropen-2-ol-l (3:5820) with PCla see (12); from 1,2,3- 
trichloropropane (3:6840) with NaOH (yielding (6) 12% C accompanied by 70% 2,3- 
dichloropropene-l (3:6190)) cf. (13) (6); from acrolein (1:0115) with PCU (yield 32% 
C accompanied by 16% of the mesomeric l,l-dichloropropene-2 (3:5140) and also some 
1,1,3-trichloropropane (3:5660) (12)) cf. (14); from 3,3-dichloropropen6-l (3:5140) by 
isomerisation with cone. HCl in 8.t. at 100** (14) see indie, refs.] 
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[For use as soil disinfectant of the mixt. of C with 1,2-dichloropropene obtd. in manu- 
facture of allyl chloride by chlorination of propylene see (15); for use of C in prepn. of 
cellulose ethers see (16).] 

Reactions involving unsaturated linkage of C. [C with CI2 adds 1 mole halogen yielding 
(14) 1,1,2,3-tetrachloropropane (3:6035), b.p. 170-180° cor. at 756.6 mm. (14).] — C 
with Br2 adds 1 mole halogen giving (72.7% yield (9)) (5) (3) (17) l,2-dibromo-l,3-di- 
chloropropane [Beil. 1-112], b.p. 212° (3), 215-217° (9), 220-221° (17), 220-225° (5). 

[C with fumg. HCl in s.t. at 150° blackens but docs not add HCl (5).] 

Reactions involving the one reactive chlorine atom of C. Note that the 2 chlorine 
atoms in C possess very different reactivities; that attached to the carbon directly connected 
with the double bond is inert, while the chlorine attached to the carbon in /^-relationship 
to the unsaturated linkage is extremely reactive. 

[C with aq. KOH (1 mole) boiled for 30 hrs. (14), or boiled with 10% aq. Na^COs (slight 
excess) for 2 hrs. (1), or shaken with aq. silver oxide at room temp, for 24 hrs. (small yield 
(12)) gives 3-chloropropen-2-ol-l (l-chloropropcn-l-ol-3) (7-chloroallyl alcohol) (3:5820); 
note that the high-boilg. stereoisomer of C gives (76% yield (1)) the high-boilg. stereoisomer 
of the resultant ale., while the low-boilg. stereoisomer of C gives (81% yield (1)) the low- 
boilg. stereoisomer of the resultant ale. ; note also that aq. NaOH effects from the resultant 
7-chloroallyl ale. the removal of HCl and also causes polymerization (1) so that use of 
hydrolytic conditions as mild as possible is desirable.] — [For rcactn. of C with NaSH or 
Na2S see (18).], 

[C with Na alcoholates, NaOR, replaces the reactive chlorine atom by thc‘ alkoxy residue 
yielding oKihloroallyl alkyl ethers of general formula RO — CH2 — CH = CHC1: e.g., C 
with NaOMe refluxed 4 hrs. gives (12) l-chloro-3-methoxyi)ropene-l, b.p. 107-108°, 
iff = 1.032, rff - 1.431 (12) (note proximity of b.p. to that of ord. C) (for study of 
kinetics of this reactn. see (19)); C with NaOEt refluxed for 4 hrs. (12) or C with ale. 
KOH (5) yields l-chloro-3-ethoxypropene-l [Beil. 1-439], b.p. 126-127°, DL® = 1.018, 
n!? = 1.438 (12); for corresp. reactns. of C with Na derivs. of benzyl ale. (1:6480), /8- 
phenylethyl ale. (1:6505), 7-phenyl-n-propyl ale. (1:6520), and cinnamyl ale. (1:5920) 
together with physical consts. of prods, see (20).] 

[C with alkali metal phenolates replaces the reactive chlorine atom by the aryloxy 
residue yielding oj-chloroallyl aryl ethers of general formula llO.CH2.CH = CHCl: e.g., 
C with Na phenolate in abs. ale. refluxed H br- (21), or C with phenol (1:1420) -j- dry 
K2CO3 in boilg. acetone (8), gives (yields: 75% (21), 72% (8)) w-chloroallyl phenyl ether, 
b.p. 120-121° at 20 mm. (21), 122-127.° at 27 mm. (8), Di^ = 1.146 (21), - 1.5421 

(8), ni) = 1.5447 (21); for corresp. reactn. with salts of o-cresol (1:1400) (21), m-cresol 
(1:1730) (21), p-cresol (1:1410) (21) (8), carvacrol (1:1760) (21), thymol (1:1430) (21), 
|8-naphthoi (1:1540) (21), hydroquinone (1:1590) (21), and several other phenols (21) 
see indie, refs. — Note that these oKjhloroallyl aryl ethers upon treatment with Br2 do 
not add halogen to the unsatd. linkage but instead undergo cleavage: e.g., co-chloroallyl 
phenyl ether (above) in CHCls with Br2 (1 mole) at 0° yields (22) phenol (1 : 1420) -\- 
p-bromophenol -f 3-bromo-l-chloropropene-l (see below) -h w-chloroallyl p-bromophenyl 
ether, b.p. 153° at 13 mm., Dl^ = 1.521, = 1.5785 (22). — Note furthermore that these 

oMshloroallyl aryl ethers with HBr or HI do not add hydrogen halide to the unsaturated 
side chain but instead undergo cleavage similar to that with halogens: e.g., cD-chloroallyl 
phenyl ether in AcOH with HBr gas (1 mole) gives (70% yield (23)) 3-bromo-l-chloro- 
propene-1, lachrymatory oil, b.p. 130° at 7^ mm., D®*® = 1.670, = 1.5255 (23); 

similarly action of HI yields (23) l-chloro-3-iodopropene-l, lachrymatory oil, b.p. 162° at 
760 mm. si. dec., 58° at 19 mm., Dj ® « 2.029, « 1.5993 (23).] 

[C with phenols under suitable conditions can also react to effect direct nuclear alkenyla- 
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tion: e.g., C with phenol (1 : 1420) + Na in CeHe refluxed for 17 hrs. gives (17% yield <8)) 
o-(7-chloroallyl)phenol, b.p. 151-156® at 31 mm., n!? = 1.5638 (8) (soluble in alk.), ac- 
companied by some co-chloroallyl phenyl ether (insol. alk.) (see above).] 

(C with phenol ethers undergoes Friedel-Crafts reactn. of the reactive halogen atom with 
resultant introduction of the o>-chloroallyl group into the aromatic nucleus: e.g., C (1 mole) 
with anisole (1:7445) (10 moles) -f AICI3 gives (70% yield (24)) l-(aH;hlorokllyl)-4- 
methoxybenzene, b.p. 126° at 15 mm. (24); C (1 mole) with pyrocatechol dimethyl ether 
(veratrole) (1:7560) (2 moles) + Zn dust (1 g.) (AICI3 unsuitable) gives l-(co-chloroallyl)- 
3,4-dimethoxybenzene, b.p. 162° at 15 mm., D4* = 1.168, no = 1.551 (24); C with pyro- 
gallol trimethyl ether (1:7145) similarly yields l-(to-chloroallyl)3,4,5-trimethoxybenzene, 
b.p. 174° at 15 mm., — 1.176, wj? = 1.539 (24). — Note that such oKihloroallyl aryl 
ethers (1 mole) upon treatment with KOH (3 moles) in an alcohol R'.OH (5 moles) give 
(by reactn. of the w-chlorine and rearr. or vice versa) substituted cinnamyl ethers of the 
type R0.C6H4.CH = CH.CH20R', used for prepn. of various natural prods. (24).] 

[C with aromatic hydrocarbons undergoes Friedel-Crafts reactn. of the reactive halogen 
atom with resultant introduction of the oKjhloroallyl group into the aromatic nucleus 
e.g., C with CeHe + AICI3 yields (25) 7-chloroallylbenzene (1-chloro^-phenylpropene-l) 
(3:8737) (see below); for analogous reactions of C with toluene (1:7405), o-xylene (1:7430), 
7?i-xylene (1:7420), p-xylene (1:7415), ethylbenzene (1:7410), cumene (1:7440), pseudo- 
cumene (1:7470), mesitylene (1:7455), 7>cymene (1*7505), etc., see (25). — Note that 
the resultant 7-chloroallyl hydrocarbons add Br2 normally (26) to the unsatd. linkage 
(diff. from co-chloroallyl aryl ethers (above) which undergo cleavage); e.g., 7-chloroallyl- 
benzene (above) with Br2 gives 7-chlo^o-^,7-dibromo-7^-propyll)enzene, b.p. 160° at 12 
mm., D4,® = 1.727, n}? = 1.611 (26) (for use of this prod, in prepn. of hydrocinnamalde- 
hyde (1:0225) see (35).)J 

[The direct actn. of C with NH3 appears to be unreported; however, C with KSCN 
followed by alk. hydrolytic cleavage is claimed (27) to yield the expected 7-chloroallyl- 
amine. — C with methylamine (3 molc.s) in CcIIe gives (53% yield (28)) i\r-methyl^-chloro- 
allylamine [Beil. lV2-(668)], b.p. 125° (B.PkOH, m.p. 91° (28)), accompanied by a little 
iV-methyl-6is- (7-chloroallyl) amine [Beil. IV2-(668)], b.p. 88° at 16 mm. (28). — C with 
diethylamine reacts vigorously and on making alkaline gives (75% yield (29)) (12) NjAT- 
diethyl-7-chloroallylamine [Beil. lV2-(668)], b.p. 57-58° at 17 mm. (12), 55° at 9 mm. 
(29) (B.HCl, pi. from acetone, m.p. 221° (29); B.PkOH, ndls. from aq., m.p. 78° (29), 
91° (12); B.H2PtCl6, m.p. 169-170° (12)). — For reactns. of C with tertiary amines, e.g., 
with MC3N (29), EtaN (29), or p>Tidine (19), see indie, refs.] 

[C (1 mole) with aniline (2 moles) in CeH® under reflux ppts. aniline hydrochloride and 
from the solvent gives (68% yield (30)) i\r-phcnyl-7-chloroallylamine, b.p. 137° at 13 mm., 
— 1.1456, nl) := 1.590 (30); for analogous reactns. of C with o-toluidine and m-toluidine 
seej30).] 

[C with excess CaBr2 refluxed for 40 hrs. (12) or actn. of HBr on co-chloroallyl aryl ethers 
(23) (discussed above) gives (58% yield (12)) 3-bromo-l-chloropropene-l (consts. given 
above); similarly C with excess powdered Cal2 shaken at room temp, for 20 hrs. gives 
(65% yield (12)) (14) l-chloro-3-iodopropene-l (consts. given above).] 

[C with NaOAc in AcOH at 110° for 16 hrs. ppts. NaCl (70% theory (12)) and gives 
(50% yield (12)) 7-chloroallyl acetate [Beil. 11-136], b.p. 156-139° (10), b.p. 57° at 15 mm., 
DL^ = 1.140, - 1.444 (12).] 

C reacts very slowly if at all with most metals: e.g., C with Zn dust in boilg. acetone 
or C with Mg in dry ether (even in pres, of I2, EtBr, or HgCl2) is inert (12); however, C 
with Na in tetralin (1:7550) reacts violently giving only gaseous products (12), possibly 
including allene (propadiene-1,2) cf. (3) (31). 
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iC reacts readily with aryl MgBr cpds.» with replacement of its active halogen atom 
by the aryl radical: e.g., C with CeHsMgBr in toluene (26) or ether <32 ) gives (aim. 100% 
yield (26)) 7-chloroallylbenzene (l-chloro-3-phenyl-propene-l (3:8737), b.p. 76® at 13 mm. 

(32) , Di^ « 1.073 (26), nj? = 1.545 (26).— -For analogous reactns. of C with o-tolyl-, 
p-tolyl-, p-cumyl-, 2-cymyl-, p-bromophenyl-, and p-methoxyphenyl-MgX cpds. see (26); 
for corresp. reactn. of C with a-naphthyl MgBr see (34). — For reactn. of C with rt-propyl 
MgBr see (2).] 

[For reactn. of C with diethyl sodiomalonate giving (26% yield (4)) diethyl 7-chloro- 
allylmalonate, with diethyl disodiomalonate giving (32% yield (4)) diethyl 6^s-(7-chloro- 
allyl)malonate, or with diethyl sodio-ethyl-malonate giving (20% yield (4)) diethyl 7- 
chloroallyl-ethyl-malonate see indie, refs.l 

3:5280 (1) Hatch, Moore, J. Am. Chem. Soc. 66, 285-287 (1944). (2) Kirrmann, Grard, Compt. 
rend. 190, 876-878 (1930). (3) Hartenstein, J. prakt. Chem. (2) 7. 308-314 (1873). (4) Hill. 

Fischer, J. Am. Chem. Soc. 44, 2582-2595 (1922). (5) Friedel, Silva, Compt. rend. 75, 81-85 
(1872). (6) Bon, Uchenye Zapiski Leningrad Gosudarst Umv., Ser. Khim. Nauk. 3, 3-37 (1938); 

Cent. 1039, II 366; C.A. 33, 3755 (1939). (7) Bert, Dorier, BuU. aoc. chim. (4) 39, 1573-1575 

(1926). (8) Hurd, Webb, J. Am. Chem. Soc. 58, 2191-2193 (1936). (9) Foldi, Ber. 60, 659- 

660 (1927). (10) Martinoflf, Ber. 8, 1318-1319 (1875). 
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van Romburgh, BuU. aoc. chtm. (2) 36, 549-557 (1881); (2) 37, 98-103 (1882). (15) Carter, 
Science 97, 383-384 (1943). (16) du Pont Co., Brit. 429,949, July 11, 1935; Cent. 1936, I 4098; 

C.A. 29, 7073 (1935). (17) Reboul, Ann. Suppl. 1, 231 (1861). (18) Lilienfeld, French 758,359, 
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727-739 (1927) ; Cent. 1928, 1 2924. (20) Dorier, Compt. rend. 196, 1325-1327 (1933). 

(21) Bert, Compt. rend. 192, 1565-1567 (1931); Cen<. 1931, II 2318. (22) Bert, Andor, Compt. 
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4373 (1943). (26) Bert, BuU. aoc. chtm. (4) 37, 87^881 (1925); Compt. rend. 180, 1504-1506 
(1925). (27) I.G., Dutch 52,449, May 15, 1942; Cent. 1942, II 1180. (28) von Braun, KUhn, 

Weismantel, Ann. 449, 254-265 (1926), (29) Ingold, Rothstein, J. Chem. Soc. 1929, 11-12. 
(30) Dorier, Compt. rend. 196, 1677-1678 (1933); Cent. 1933, II 1020; C.A. 27, 4222 (1933). 

(31) B6hal, Ann. chim. (6) 16, 363-366 (1889). (32) von Braun, Klihn, Ber. 58, 2171 (1925). 

(33) Bert, Dorier, Compt. rend. 191, 332-333 (1930); Cent. 1930, II 2376; C.A. 24, 5739 (1930). 

(34) Bert, Dorier, BuU. aoc. chim. (4) 37, 1600-1602 (1925). (35) Bert, Compt. rend. 215, 356- 
357 (1942); C.A. 38, 3633 (1944). 

3:5990 DICHLOROACETYL CHLORIDE CI2CH.CM) C2HOCI3 BeU. H - 904 

k ni-( 99) 

n2-(i96) 

B.P. 108® (1) 

107-108® (2) 

105-107® (3) (4) 

106.1-107.1® at 739 mm. (5) 

Oil with penetrating odor; fumes in moist air. 

[For prepn. of C from dicMoroacetic acid (3 : 6208) with PCls (2), with HCl gas + P2O6 
(7), with ^Cl2 (poor yield apparently because of much formation (9) of dichloro-acetic 
anhydride (3:6430)) (8) (9) (10) (11), with benzoyl chloride (3:6240) (73% yield (4)), or 
with benzotrichloride (3:6640) (12) (13) see indie, refs.; for prepn. of C from trichloro- 
ethylene (3:5170) by photochemical oxidn. (14) (16) (16) (3) (17) see indie, refs.; for 
prepn. of C from pentachloroethane (3:6880) with fumg. H2SO4 at 50-60® see (18); for 
prepn. of C from a,|3-dichlorovinyl ethyl ether (3:6540) by actn. of CI2 see (19) (20).] 
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[C with ^cohols gives corresp. esters (for studies of rate of alcoholysis see (1) (21)); for 
reactn. of 0 with various carl^hydrates (22) and with cellulose (23) see indie, refs.; 6 + 
phenol yields (20) phenyl dichloroacetate, m.p. 48*^, b.p. 247.5® cor. (20); C with ^>naphthol 
yields (20) /3-naphthyl dichloroacetate, m.p. 92-93® (20).] 

(C on warming with AICI3 yields (24) (25) 1,1,1,2,2,3,3-heptachloropropane (3:0200) + 
chloroform (3:5050) + CO + HCL] 

[C treated with dry HI gas at —5® gives (58% yield (5)) dichloroacetyl iodide, b.p. 64- 
54.5® at 15 mm. (5).] 

C with aq. hydrolyzes very rapidly yielding dichloroacetic acid (3:6208) q.v.; for the 
amide, anilide, p-toluidide, and other derivs. corresp. to C see dichloroacetic acid (3:6208). 

3:6200 (1) Branch, Nixon, J. Am. Chem. Soc. 68, 2499-2504 (1936). (2) Otto, Beckurts, Ber. 

14, 1618-1619 (1881). (3) Erdmann, J. prakt. Chem. (2) 86, 78-89 (1912). (4) Brown, 
Am. Chem. Soc. 60, 1325-1328 (1938). (5) Gustus, Stevens, J. Am. Chem. Soc. 66, 374r-377 
(1933). (6) Vanderstichele, J. Chem. Soc. 123, 1228 (1923). (7) Frankland, Patterson, J. 

Chem. Soc. 73, 187 (1898). (8) Bdeseken, Rec. trav. chim. 20, 99-100 (1910). (9) Blaise, BvU. 

80C. chim. (4) 16, 729 (1914). (lO) Carr5, Libermann, Compt. rend. 100, 1423 (1934). 

(11) Clark, Bell, Trane. Roy. Soc. Can. (3) 27, III 97-103 (1933). (12) Mills (to Dow Chem, 
Co.). U.S. 1.921,767, Aug. 8, 1933; Cent. 1033, II 2595; C.A. 27, 5085 (1933). (13) MUls (to 
Dow Chem. Co.), U.S. 1,965,556, July 3, 1934; Cent. 1034, II 2899; C.A. 28, 5474 (1934). (14) 

Muller, Ehrmann, Ber. 60, 2207-2210 (1936). (15) Muller, Schumacher, Z. phyaik. Chem. 
B-37, 365-373 (1937). (16) MUller, Schumacher, Z. Elektrochem. 43, 807-808 (1937). (17) 
Consortium fur Elektrochem. Ind., Ger. 391,674, Mar. 3, 1924, Cent. lOIM, II 887; Ger. 340,872, 
Sept. 19, 1921; Cent. 1021, IV 1101; French 706,320, Juno 23, 1931; Cent. 1031, II 1489. (18) 
Chem. Fabrik Weiler-ter-Meer, Ger. 362,748, Oct. 31, 1922; Cent. 1023, II 405. (19) McKie, 

J. Chem. Soc. 123, 2214-2215 (1923), (20) Crompton, Triffett, J. Cfiem. Soc. 110, 1874-1875 

(1921). 

(21) Leimu, Ber. 70, 1046 (1937). (22) Bell, J. Chem. Soc. 1036, 1180-1182. (23) Barnett, 

J. Soc. Chem. hid. 40, T-253-256, 274 (1921). (24) Ref. 8, p. 108. (25) Boeseken, Prins, Cent. 

1011, I 466. 


3:5300 l,l-DICHLORO-2-METHYLPROPENE-l CH3 C4HeCl2 Beil. 1-200 

(a,a-Dichloroi8obutylene) I Ii— 

H3C — C=CCl2 

B.P. 108.7-109.1® (1) Dj® = 1.449 (3) 

108-109® (2) 

107.5-108.6® (3) 

Note: C by virtue of allylic transposition may yield derivatives of its synionic isomer 
l,3-dichloro-2-methylpropene-l (3:5590) q.v. 

[For prepn. of C from ^,/3,/3-trichloro-<er-butyl acetate (3:6180) (85% yield (3) (2)) or 
from /3,j8,/3-trichloro-ter-butyl alcohol (“ Chloretone **) (3:2662) (very poor yield (1)) 
with Zn dust in ale. see (1) (2) (3); for prepn. of C from l,l,l-trichloro-2-bromo-2-methyl- 
propane by htg. in quinoline (2), or from l,l,l,2-tetrachloro-2-methylpropane (3:4725) 
by htg. with K in tetralin (5% yield (2)), see (2).] 

C with Br2 yields (2) l,2-dibromo-l,l-dichloro-2-methylpropane, m.p. 209® (s.t.) (2). 

3:6800 ( 1 ) Bruyne, Davis, Gross, Phyeik. Z. 33, 720 (1932). (2) Jacob, BuU. eoc. chim. (5) 
7, 681-586 (1940) ; C.A. 36, 3507 (1942) . (3) Favorskii, Jozitsch, Cent. 1809, 1 778. (4) Jositsch, 
Cent. 1899, 1 606. 
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3:5310 DICHLOROACETALDEHYDE ETHYL 
ALCOHOLATE Cl 


(Dichloroacetaldehyde ethyl 
hemiacetal) 


ni- 

k 


C4H8O2CI2 

OH 


-O— C 2 H 6 


Beil. I - 614 

11- 

12- (677) 


B.P. 109.6-111° (1) 


Di® = 1.314 <1) 


Oil, spar. sol. aq. or Igr. but misc. with ale., Celle, CHCI3. 

[For prepn. of C from dichloroacetaldehyde (3:5180) with a limited amt. abs. EtOH 
see (1).] 

C readily changes to dichloroacetaldehyde diethylacetal (3:6110), b.p. 184°, and di- 
chloroacetaldehyde hydrate (3:1085), m.p. 56°. 

C with boilg. aq. HCl yields (1) 2,2-dicliloroethanol-l (3:5745) + acetaldehyde (1:0100). 
C with powdered KCN (1 mole) in EtOH at 20° for 5 min., then poured into aq., gives 
(38% yield (2)) ethyl chloroacetate (3:5700), b.p. 144°. 

[For condensations of C with phenol (3), p-nitrophenol (3), p-hydroxybenzoic acid [4), 
or p-methoxybenzoic acid (6) to yield substituted benzdioxms see indie, refs.] 

C in AcOH on warming with 2 moles phenylhydrazme yields (5) glyoxal 6zs-phenylosa- 
zone, yel. pi. from boilg. ale., m.p. 169-171° (5). 

3:5310 ( 1 ) Oddo, Mamoli, Gazz. chim ital 33, II 399 -408 (1903). (2) Chattaway, Irving, J. 
Chem. Soc. 1939, 1042-1043. (3) Chattaway, Morns, J. Chem. Soc. 1928, 3241-3246. (4) 
Chattaway, Fariiiholt, J. Chem. Soc. 1931, 1737-1740. (5) Chattaway, Fannolt, J. Chem. Soc. 

1930, 96. (6) Chattaway, Farinholt, J. Chem. Soc. 1931, 1828-1834. 


3 : 6315 DICHLOROMETHYL CHLOROFORMATE C2HO2CI3 Beil. HI — 

(Dichloromethyl chlorocarbonate) CI 2 CH — 0 — C=0 IIIi-( 6) 

lUs-di) 

B.P. llO-lll* at 760 mm. <1) Dll = 1.668 <2> ng = 1.44382 (2) 

111 * < 2 ) 

114* {4) Dl^ = 1.660 (1) 

64-66* at 100 mm. (1) 

46** at 62 mm. (2) 

See also text. 

[See oho chloromethyl chloroformate (3:5276).] 

Colorless lachrymatory oil. — Note that C cannot by distillation be completely separated 
from chloromethyl chloroformate (3:5275); the constants listed above from (2> represent 
prepDS. contg. about 2.5% chloromethyl chloroformate (3:5275). 

A mixt. of C with chloromethyl chloroformate (3:5275) has been employed as a chem. 
warfare agent under the names “ K-Stoff ” or “ Palite (3). 

[For prepn. of C from methyl chloroformate (3:5075) or from methyl formate (1:1000) 
with CI 2 under various conditions see (1) <2) cf. <3) <4).] _ 

C with aq. at ord. temp, or more rapidly on boilg., or C with aq. alk. in cold, undergoes 
hydrolysis (1) yielding quantitatively CO + CO 2 + 3HC1; note that formaldehyde is 
not formed [dif. from chloromethyl chloroformate (3 : 5275)]. 

C (1 mole) with Nal (2 moles) in dry acetone at 20° (5) liberates both I 2 and CO quant, 
according to the equation 20 — » I 2 + 2CO + 2NaCl + HCl [compare behavior of methyl 
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chloroformate (3:5075) which gives no I 2 and that of chloromethyl chloroformate (3:5275) 
trichloromethyl chloroformate (“diphosgene”) (3:5515), and 6i«-(trichloromethyl)- 
carbonate (“triphosgene”) (3:1915) all of which also give I 2 ]. — C with NaBr or LiBr 
in dry acetone behaves in analogous fashion (5) setting free Br 2 ; in this respect C is like 
trichloromethyl chloroformate (“ diphosgene ”) (3:5515) but unlike methyl chloroformate 
(3:5075) or chloromethyl chloroformate (3:5275). 

[C with FeCls or AICI 3 dec. even in cold or rapidly at 80® giving (1) phosgene (3:5000) -f- 
CO_+ HCL] 

[C with aq. sodium phcnolate reacts as an acid chloride giving (1) dichloromethyl phenyl 
carbonate, b.p. 124-125° at 14 mm., m.p. 14.5° (1).] 

[C with aniline in atp or CeHe gives (1) both iV^,iV-diphenylurea and formanilide.] 

3:5315 ( 1 ) Klini;, Florentin, Lassicur, Schmutz, Compt. rend. 169, 1045-1047 (1919); Ann. ehim. 
(9) 13, 44-59 (1920). (2) Grignard, Rivat, Urbain, Conipt. rend. 169, 1074-1077 (1919); Ann. 

chim. (9) 13, 248-251 (1920). (:i) Sartori, “ The War Giuses,” pp. 104-109, 123-124, D. Van 

Nostrand Co , Inc., New York City, 1940. (4) Hof)d, Murdock, J. Phys. Chem. 23, 609-511 

(1919). (5) Ferret, Biechler, Compt. rend. 263, 86 (1936) Bull. soc. chim. (5) 3, 350 (1936). 


3:5320 


d,Z-a-CHLOROPROPIONYL CHLORIDE Cl C 3 H 4 OCI 2 

CHj— i — c=o 




B.P. 110.7-111.2° at760inm.(l) 1^ = 1.2861 (1) ng* 

109-110° at 744 nun. (2) 

107-110° (3) 


Beil, n- 249 
Hi— 
Il»- 


1.43966 (1) 


[For prepn. of C from a-chloropropionic acid (3:6125) with SOCI 2 see (1); from propionic 
acid (1 : 1025) with SO 2 CI 2 + I 2 (4) (no /3-chloropropionyl chloride being formed) or with 
SO 2 CI 2 + BZ 2 O 2 in CCI 4 (45% yield C + 55% yield d-chloropropionyl chloride (3:6690)) 
see (4); from propionyl chloride (3:7170) with CI 2 -|- I 2 (45% yield <3)) (5) see indie, 
refs.; from calcium lactate (6) or anhydrous lactic acid (1:0400) (7) with PCls see indie, 
refs.] 

C on hydrolysis with aq. yields a-chloropropionic acid (3:6125); for the amide, anilide, 
p-toluidide, and other derivs. corresp. to C sec 3:6125. 


3:5320 (1) Leimii, Ber. 70, 1049 (1937). (2) Henry, Compt. rend. 100, 116 (1885); J. prakt. 
Chem. (2) 31, 127 (1885). (3) Wolffenstein, RoUe, Ber. 41, 735 (1908). (4) Kharasch, Brown, 

J. Am. Chem. Soc. 62, 927-928 (1940). (5) Michael, Ber. 34, 4035, 4037 (1901). (6) Wurtz, 
Ann. 107, 194 (1858). (7) BrUhl, Ber. 9, 35 (1876). 
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3:5330 

1,1,2-TRICHLOROETHANE 

Cl 

CsHsCl* 

BeiL 1-85 


(wnspwi.-Trichloroethane, 

ch*-(1:h 

ii k 



Ii-(24) 


chloroethylidene (di)cbloride) 



l2-(55) 

B.P. 


F.P. 



«25 

^Ha 


[114.2® 

at 767.7 mm. 

(1)] -37.4® (8) 

= 1.4345 (13) 

« 1.47345 (7) 

114® 

at 767 mm. 

(13) -36.6® (11) 





114® 

at 760 mm. 

(2) -35.5® (5) 

= 1.443 

(2) 

_20 

Hd 

« 1.4708 (12) 

113.72 

® at 760 mm. 

(3) 

1.4416 (13) 


1.47064 (8) 

113.65* 

’ at 760 mm. 

(4) 

1.4411 

(8) 



113.5® 

at 760 mm. 

(5) (6) 





113.5® 


(7) 





113.3® cor. at 760 mm. 

(8) 





113.2® 


(9) 





112.5-113® 

(10) 






Care must be taken to avoid confusion of C with the isomeric l,l|l-trichloroethane 
(3 : 5085). C is now comml. prod, in U.S. (14). 


' MISCELLANEOUS PHYSICAL PROPERTIES 

Various solubility relationships. C is almost insol. aq.: e.g., 100 g. aq. at 0° dis. 0.466 g. 
C, at 20® 0.436 g. C, at 35® 0.458 g. C, at 55® 0.532 g. C (15). — [For soly. of aq. in C at 0°, 
25®, and 30® (as detd. by Karl Fischer reagt.) see (16).) 

[For soly. of HCl gas in C at various temps, and press, see (10).] 

[For soly. of I 2 in C see (17).] 

Binary systems contg. C. (See also below under uses of C.) C + 1,2-dichloroethane 
(ethylene dichloride) (3:5130): for f.p./compn. data, eutectic f.p. —79® (11), and for 
D and vapor/liq. equil. (13), see indie, refs. 

Azeotropes contg. C. C with EtOH (1:6130) forms a const.-boilg. mixt., b.p. 77.8® 
(4), 77.3® (6) at 760 mm., contg. 35 (6), 30 (4) wt. % C. 

Other physical props. [For study of thermal conductivity of C sec (18).] 

USES OF C 

C is now widely used as industrial solvent and in other ways [e.g., for use of C (40%) 
1,1,1-trichloroethane (3:5085) + 20% pet. hydrocarbons as dry-cleaners^ solv. see (19); 
for use of C + ethylene dichloride (3 : 5130) as hair wash see (20) ; for use of C + n-heptane 
(1:8575), C + cyclohexane (1:8405), or C + CeHe (1:7400) as test mixts. for detn. of 
number of theoret. pi. in fractionating columns see (21); for use of C in dewaxing of oils 
see (22)]. 

PHYSIOLOGICAL ACTION AND TOXICITY 

Full treatment of this topic is beyond the scope of this work [however, for lead references 
see (23) (24) (25) (26) (27) (67). — For study of C as anthelmintic see (28)]. 

PREPARATION OF C 

From vinyl chloride (3:7010). (See also below under acetylene.) [For prepn. of C 
from vinyl chloride with CI 2 at 0-80® in light or at 180-250® in absence of light or solv. 
see (29) (30) (31) cf. (32); for study of photochemical addn. of CI 2 to vinyl chloride yielding 
C see (33).] 

Prom 1^-dichloroethylene (8:6030). [For prepn. of G from 1,2-dichloroethylene by 
addn. of HCl gas at 30-40® in pres, of Aids (88% yield) see (34) (37) (note that 1, 1,2, 3,4- 
pentachlorobutane (3:0750) is also obtd. as a by-product (35)).] 
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From lyl-dichloroethane (ethylidene (di)diloride) (3:6035). [For formn. of C from 
ethylidene (di)chloride with SbCU (3 wt. parts) on refluxing see (36).] 

From 1,2-dicliloroetliane (ethylene (di)Ghloride) (3:6130). [For prepn. of G from 
ethylene (di)chloride with CI 2 in ultra-violet light at 60° (38) (39) or 26° (40), or with 
CI 2 + suitable cat. at not above 60° (41), or C (as liquid) with CI 2 (7), or with CI 2 in pres, 
of AlCla/NaCl/FeCla at 300-426° as directed (42), or with SO 2 CI 2 + trace dibenzoyl 
peroxide refluxed 2 hrs. in dark (12) (yields: 80% (41), 70% (40) (12), 60% (42)), see indie, 
refs.] 

From ethylene. [For prepn. or formn. of C from ethylene with CI 2 + cat. see (43) 
(44) (45) (46)* (47).] 

From acetylene. [For prepn. of C from acetylene with HCl + CI 2 + cat. (doubtless 
via formn. of vinyl chloride (and subsequent addn. of CI 2 as above) see (48) (30).] 

From other sources. [For formn. of C as by-prod, of prepn. of chloral (3:5210) see 
(49); for prepn. of C from 2,2-dichloroethanol-l (3:5745) with PCI 5 (50), or from cr,/ 8 - 
dichloroethyl chloroformate by loss of CO under influence of AICI 3 (61), see indie, refs.; 
for formn. of C from trichloroethylene (3:5170) with HI for 2 weeks in sunlight see ( 68 ).] 

CHEMICAL BEHAVIOR OF C 

Dehydrochlorination. C under suitable conditions may lose HCl in either or both of 
two modes yielding either or both 1 , 1 -dichloroethylene (vinylidene (di)chloride) (3:5005) 
or a mixt. of the stereoisomeric 1 , 2 -dichloroethylenes (3:6030). — [E.g., C with ale. KOH 
(52) (53) (54), or with excess aq. Ca(OH )2 at 70-80° (55) ( 66 ), or with aq. or ale. NH 3 (67), 
or even with Na in ether (58) gives (yields: 100 % (57), 90% (55) (56)) 1,1-dichloroethylene 
(3:5005). — On the other hand, C pyrolyzed at 400° over pumice contg. CuCl 2 (59) is 
claimed to give mainly 1 , 2 -dichloroethylene (3:5030). — Note also that C with MeOH 
over AI2O3 at 290° gives (60) a mixt. of both prods, together with MeCl (3:7005).] 

[Note in this connection that C with aq. + Zn, Fe, or A1 at 100-120° under press, yields 
(61) vinyl chloride (3:7010); perhaps this occurs by way of the above dichloroethylenes 
as intermediate.) 

Halogenation of C. Chlorination. [C with CI2 + AICI3 at 70-80° yields (62) 1 , 1 , 2 , 2 - 
tetrachloroethane (acetylene tetrachloride) (3:5750).] 

Fluorination. [C with HgF 2 under press, at 140° gives (63) 50% 1,2-dichloro-l-fluoro- 
ethane -f 10 % 2 -chloro-l,l-difluoroethane; for behavior of C with SbFs Br 2 at 160°, 
with SbFs -f SbCls, or with SbF 3 Cl 2 see (63).] 

Behavior of C with other inorganic reactants. [C with alkali hydroxide on fusion at 
250-3(X)° yields (64) salts of glycolic acid (1:0430).] 

Behavior of C with organic reactants. [C with 1,2-dichloroethylene (3:5030) + 1% 
AICI3 at 35-40° for 5 days yields (37) a mixt. of two stereoisomeric 1,1,2,3,4-pentachloro- 
butanes, viz., the liq. isomer (3:9068) and the solid isomer (3:0750). — G -j- trichloro- 
ethylene (3:5170) + 1 - 2 % AICI3 at 40° for 7 days yields (37) l,l,l,4,4-pentachlorobutene-2 
(3:9064).] 

[C with CeHe + AICI 3 gives (31% yield (65)) 1,1,2-triphenylethane, b.p. 211° at 14 mm., 
accompanied by diphenylmethane and 1 , 2 -diphenylethylene (stilbene).] 

[C with CeHsMgBr in toluene does not react even at 100 ° ( 66 ).] 

Comment on Fujiwara reaction. C does not respond to Fujiwara reactn. (pyridine + 
NaOH) (23). 

8:5380 (1) Pierre, Ann. 80, 127 (1851). (2) Mumford, Phillips, J. Chem. Soc. 1928, 159. (3) 
Staedel, Ber. 15, 2663 (1882). (4) Lecat, Ann. soc. set. Bruxelles 47, I, 112 (1927); Cent. 1927, 

II 1677. (5) Timmermans, BuU. soc. chim. Belg. 27, 334-343 (1913); Cent. 1914, I 618. (6) 
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Leoat» “ L*Ajseotropisme,” 1918, p. 84. (7) Hamai, BuU, Chem. Soc. Japan 9, 542-548 (1934). 
(8) Henne, Hubbaxd, J. Am. Chem. Soc. 68, 404 (1936). (9) Kohlrausch, Koppl, Monatsh. 96, 

197 (1935). (10) Hamai, BuU. Chem. Soc. Japan 10, 207-211 (1935). 

(11) Timmermans, Vesselovsky, BvU. soc. chim. Belg. 40, 505 (1931). (12) Kharasch, Brown, 

J, Am. Chem. Soc. 61, 2145 (1939). (13) Portnov, Seferovich, Trans. State Inst. Applied Chem. 

{U.S.8.R.) 24, 81-89 (1935); not in CenU C.A. 20, 7272 (1935). (14) McLure, Chem. Eng. 

News 22, 421 (1944). (15) van Arkel, Vies, Rec. trav. chim. 66, 410 (1936). (16) Staverman, 

Rec. trav. chim. 60, 836-841 (1941) ; Cent. 1942, I 1352; C.A. 37, 2638 (1943). (17) Margoschea, 
Hinner, Friedmann, Z. anorg. allgem. Chem. 137, 87-90 (1924). (18) Bates, Hazzard, Palmer, 

Ind. Eng. Chem. 33, 375-376 (1941). (19) Parkhurst (to Standard Oil of California), U.S. 

I, 948,046, Feb. 20, 1934; Cent. 1934, II 863; C.A. 28, 2924 (1934). (20) Cathala, French 598,518, 

Dec. 18, 1925; Cent. 1926, I 2752; not m C.A. 

(21) Stage, Schultze, Gel u. Kohle 40, 90-95 (1944) ; C.A. 38,6134(1944). (22) Sharpies Specialty 
Co.. French 801,583; Aug. 7, 1936; Cent. 1937, 1 263; C.A. 31, 535 (1937). (23) Barrett, Cunning- 
ham, Johnston, J. Ind. Hyg. Tox%col. 21, 479-480 (1939). (24) von Oettmgen, J. Ind. Hyg. 

Tozicoly 19, 398-399 (1937). (25) Sch wander. Arch. Gewerhepathol. Gewerhehyg. 7, 109-116 

(1939); Cent. 1939, H 1331; not in C.A. (26) Barsoun, Saad, Quart. J. Pharm. Pharmacol. 7, 
206-214 (1934); Cent. 1934, II 2550; C.A. 28, 6194 (1934). (27) Lazarev, Arch, exptl. Path. 

Pharmakol. 141, 19-24 (1929); Cent. 1929, 11 451; C.A. 26, 3074 (1931). (2S) Wright, Schaffer, 

Am. J. Hyg. 16, 372-374 (1932). (29) Ernst, Lange (to I G.), U.S. 1,833,358, 1,833,393, Nov. 

24. 1931; C.A. 26, 1301 (1932): Ger. 489,454, Jan. 17, 1930, [Cent. 1930, I 3829; C.A. 24, 2145 
(1930)]: Brit. 298,084, Nov. 28, 1928; Cent. 1929, I 1396, C A. 23, 2724 (1929). (30) I.Q., 

French 690,655, Sept. 24. 1930; 1931, 1 1164; C.A. 26, 1264 (1931): Bnt. 349.097, March 11, 

1029; C.A. 26, 5314 (1932); not in Cent. 

(31) Consortium fur Elektrochem. Ind., French 690,767, Sept. 25, 1930; Cent. 1931, I 1164; 
C.A. 26, 1264 (1931). (32) Biltz, Ber. 36, 3526-3527 (1902). (33) Schmitz, Schumacher, Z. 

physik. Chem. ^62, 73-80 (1942). (34) Prins, Hec. trav. chim. 46, 80-81 (1920). (35) Muller, 

Hdnn, J. prakt. Chem. (2) 133, 289-290 (1932). (36) Meyer, Muller, J. prakt. Chem. (2) 46, 

174-175 (1892). (37) Prins, Rec. trav. chim. 66, 119-125 (1937). (38) Coleman, Moore (to 

Dow Chem. Co.), U.S. 2,174,737, Oct. 3, 1939; C.A. 34, 779 (1940). (39) Compagnie des Prod. 
Chim. d’Alais, etc., French 804,491, Oct. 24, 1936; Cent. 1937, I 1.545; C.A. 31, 3509 (1937). 
(40) Maier, Ger. 522,959, April 20, 1931 , [Cent. 1931, 1 3607] ;C A. 26, 3670 (1931 ) . French 655,930, 
April 25, 1929; Cent. 1929, II 1347; C.A. 23, 3931 (1929). 

(41) Jung, Zimmermann, Ger. 545,993, March 8, 1932; Cent. 1932, I 2893; C.A. 26, 3520 
(1932). (42) Reilly (to Dow Chem. Co.), U.S. 2,140,549, Dec. 20, 1938, Cent. 1939, I 3625, 
C.A. 33, 2540 (1939). (43) Gavat, Ber. 76, 1115-1118 (1943); C A. 38, 4901 (1944). (44) 

Golev, Sbomik Dikhloretan 1939, 18-20; C.A. 36, 2.523 (1942). (45) Bahr, Zielcr, Z. angew. 
Chem. 43, 233-236 (1930). (46) Stewart, Smith, J. Am. Chem. Soc. 61, 3082-3095 (1929). 

(47) Askenasy, Heller, Ger. 549,341, April 26, 1932; Cent 1932, II 286; C A. 26, 3807 (1932). 

(48) I.G., French 687,307, Aug. 7, 1930; Cent. 1930, II 3637; C.A. 26, 715 (1931); Brit 344,592, 

Jan. 31, 1929; C.A. 26, 155 (1932) ; not in Cent. (49) Kraemer, Ber. 3, 261 (1870). (50) Delacre, 

Compt. rend. 104, 1186 (1887). 

(51) Muller, Ann. 268, 58 (1890). (52) Brockvray, Beach, Pauling, J. Am. Chem. Soc. 67, 
2695 (1935). (53) Regnault, J. prakt. Chem. (1) 18, 82-85 (1839); Ann. chim. (2) 69, 155- 

159 (1838). (54) Klimont, Chem. Ztg. 46, 521 (1922). (55) I.G., Brit. 349,872, July 2, 1931; 

CerU. 1931, II 1191; C.A. 26, 5314 (1932); French 702,361, April 7, 1931; Cent. 1931, II 1191; 
C.A. 26, 4285 (1931) : Ger. 529,604, July 4, 1929; C.A. 26, 5178 (1931) ; not in Cent. (56) Howell 
(to Imp. Chem. Ind., Ltd.), Brit. 534,733, March 17, 1941; C.A. 36, 1336 (1942). (57) Engel, 

Bull. soc. chim. (2) 48, 97 (1887). (58) Brunner, Brandenburg, Ber. 10, 1497-1499 (1877); 

II, 61-62 (1878). (59) Hermann, Baum (to Consortium fUr Elektrochem. Ind.), U.S. 1,921,879, 

Aug. 8, 1933; [C.A. 27, 5086 (1933)], not in Cent.: Ger. 570,954, Feb. 22, 1933; C.A. 27, 4252 
(1933); not in Cent.: French 694,054, Nov. 28, 1930; Cent. 1931, I 1514, [C A. 26, 1843 (1931)]. 
(60) I.G., French 805,563, Nov. 24, 1936; Cent. 1937, 1 2258; [C.A. 31, 4345 (1937)]. 

(61) I.G., Ger. 525,309, May 21, 1931 ; Cent. 1931, II 1055; C.A. 26, 4012 (1931) : French 703,767, 
May 6, 1931; Cent. 1931, II 1055; [C.A. 26, 4557 (1931)]. (62) Tzurikh, Trans. State Inst. 

Applied Chem. {U.S.S.R.) 24, 77-80 (1935); C.A. 29, 7272 (1935); not m Cent. (63) Henne, 
RenoU, J. Am. Chem. Soc. 68, 889-890 (1936). (64) Strosacker, Pelton (to Dow Chem. Co.), 
U.S. 1,884,354, Oct. 25, 1932; Cent. 1933, 1 307; [C.A, 27, 1006 (1933)]. (65) Bert, Compt. rend. 
213, 792-793 (1941); Cent. 1942, II 1785; C.A. 37, 4065 (1943). (66) Bert, BuU. soc. chim. (4) 
41, 1173 (1927). (67) Lehman, Schmidt-Kehl, Arch. Hyg. Bakt. 116, 131-268 (1936); C.A. 
81, 477 (1937); not in C.A. (68) Kharasch, Norton, Mayo, J, Org. Chem. 3, 49-50 (1938). 
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3:5345 8,8,3-TRICHLOROPROPENE-l CI3O— CH==CH2 CsHsCla Beil. 1-200 

(l,l»l“Trichloropropene-2) — 

I2- 

B.P. M.P. 

ll4r-116‘» at 760 mm. (1) -30** <2) * 1.369 <1) nf? * 1.4827 <3) 

114-115° at 767 mm. (2) -55- -50° (1) (5) (5) 

67° at 103 mm. (3) D\l = 1.359 <2) 

Liquid with penetrating odor suggesting aldehydes. [For use in dewaxing of mineral 
oil see (4).] 

[For prepn. of C from l,l,l-trichloropropanol-2 (3:0846) (84% yield (3)) with P2O6 
(3)_<2) (1), with PCI3 (5) (1), or with PClg <5) (1) see indie, refs.) 

C in cold and in diffused light adds CI2 yielding (2) 1,1, 1,2, 3-pen tachloropropane (3:4740), 
m.p. 179-180° (2). — C adds Br2 readily yielding (2) l,l,l-trichloro-2,3-dibromopropane 
[Beil. 1-112], cryst. from ale., m.p. 210° (2). 

C with HCl + FeCla at 50° for 50-100 hrs. gives (20% yield (3)) 1,1,1,2-tetrachloro- 
propane (3:5785). — [For study of addn. to C of HBr see (3).] 

3:5346 (1) Henry, Bull. acad. roy. Belg. 1905, 101-121; Cent. 1905, I 1697. (2) Victoria, Rec. 

trav. chim 24, 280-283 (1905). (3) Kharasch, Rossin, Fields, J. Am. Chem. Soc. 63, 2558-2560 

(1941). (4) Standard Oil Development Co , French 790,852, Nov. 28, 1935; Cent. 1936, I 2672; 

C.A. 30, 3223 (1930). (5) Henry, Rec. trao. chim. 24, 336-344 (1905). 

Cl Cl C4H6CI2 Bea,S.N. 12 
Hjc!; — i — ch=ch2 
ii 

n!?® = 1.45fi0 (1> 

[For prepn. of C (together with other products) from butadicne-1,3 with CI2, either 
directly or in CHCI3, CS2 or Igr. soln., see (1) (2); the process can be controlled so as to 
yield little or no 1,2,3,4-tetrachlorobutane but rather a mixt. of C and l,4-dichlorobutene-2 
(3:5725) in theratio2:l (1) <2).] 

C does not (1) rcarr. to l,4-dichlorobutene-2 (3:5725) even on htg. at 90° in a s.t. — 
However, C in the presence of a metal halide cat. (3) such as AICI3 (4) rearr. by allylic 
transposition to l,4-dichlorobutene-2. 

C on htg. at 90° with 2 pts. solid KOH loses HCl yielding (1) (2) 1-chlorobutadiene- 
1,3 (3:7210), b.p. 85° (1) <2); under certain conditions, however, C with KOH loses HCl 
to yield (5) 2-chlorobutadiene-l,3 (chloroprene) (3:7080). 

C on htg. in ale. with Zn dust yields (1) butadiene-1,3. 

C with CI2 3delds solely (1) the hq. isomer of 1,2,3,4-tetraclilorobutane (3:9082). 

C treated directly with O3 at 0°, then with aq., yields (1) a,/9-dichloropropionaldehyde 
(3:9034), b.p. 73° at 50 mm. (1), -f formaldehyde (1:0145). — C on oxidn. with dil. ale. 
KMn04 gives <1) a,/8-dichloropropionic acid (3:0855), m.p. 50° <1). 

3:5350 (1> Muskat, Northrup, J. Am. Chem. Soc. 62, 4043-4065 (1930). (2) Muskat (to du 
Pont), U.S. 2,038,593, Apr. 28, 1936; Cent. 1936, II 3358; C.A. 30, 3912 (1936). (3) I.G. Farben- 
industrie, Brit. 605,573, May 12, 1939; Cent. 1939, II 1572; C.A. 33, 7822 (1939). <4) Nicodemus 
(to I.G.), U.S. 2,242,084, May 13, 1941; C.A. 36, 5134 (1941). <5) Carothers (to du Pont), 
U.S. 2,038,538, Apr. 28, 1936; Cent. 1936, II 3358; C.A. 30, 3838 (1936). 


3 : 5350 3,4-DICHLOROBUTENE-l 
(1 , 2-Dichlorobutenc-3 ) 

B.P. 115° (1) 

45-45.5° at 40 mm. (1) 
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3:5356 CHLOROMETHYL ACETATE CH3.CO.O.CH2CI C8H5O2CI BeU.n.l53 

Hi- 

n2-(i66) 

B.P. 115-116** at 767 mm. (1) DlU * 1.1963 (1) (13) 

116® at 767 mm. (13) 

116® (5) 

113-116® (2) (12) 

116-113® (3) 

63-63® at 290 mm. (4) 

Colorless liq. with penetrlating odor. — Insol. cold aq.; sol. ale., ether. — Sol. in cold 
cone. H2SO4 with evoln. of HCl (1) (13). 

[For prepn. of C from methyl acetate (1:3005) with CI2 in cold (1) (5) and in sunlight 
(2) (6), or with SO2CI2 in sunlight (6), see indie, refs.; from polyoxymethylene with AcCl 
(3:7065) in s.t. at 100® (6) or by htg. in pres, of ZnCl2 (61% yield on AcCl (4)) cf. (7) (8) 
(note that crude C may be more or less contaminated with 5is-(chloromethyl ether) (3 : 5245), 
b.p. 105®, and AC2O (1:1015), b.p. 140®, apparently produced by disproportionation of 
C itself during the htg. (7).] 

C on slight warming with aq. readily dissolves by virtue of hydrolysis, yielding (1) (5) (3) 
formaldehyde (1:0145), AcOH (1:1010), and HCl. 

[C with ales, or Na alcoholates (10) presumably first yields alkoxymethylacetates: e.g., 
C with Na benzylate in CeHe refluxed for 4 hrs. gives (15% yield 4)) benzyloxymethyl 
acetate, b.p. 152-155® at 29 mm. (4); however, the usual type of prod, consists of a mixture 
of formaldehyde dialkylacetal and alkyl acetate (perhaps formed by interchange of radicals 
between the initial product and the alcohol (9)): e.g., C with benzyl ale. (1:6480) gives 
(9) (10) (13) formaldehyde dibenzylacetal, b.p. 188-190° at 13 mm., -f benzyl acetate 
(1:3751), b.p. 217°; C with n-propyl ale. (1:6150) gives (9) (13) formaldehyde di-n- 
propylacetal [Beil. 1-575, Ii-(301), l2-(639)], b.p. 137° at 760 mm., + w-propyl acetate 
(1:3075), b.p. 101.6°; for analogous behavior of C with MeOH (1 : 6120) and EtOH (1 : 6130) 
see (10).] 

[C with Na phenolate does not yield phenoxymethyl acetate but instead (45% yield 
(11)) phenyl acetate (1 : 3571); this may be accounted for in a fashion completely analogous 
to that suggested above in the case of ales., but no attempt was made (11) to verify the 
pres, of formaldehyde diphenylacetal (diphenoxymethane) although the latter [Beil. 
VI-150] is well known.] 

C with NH3 in dry ether gives (12) (13) acetamide, NH4CI + formaldehyde (often in 
the form of hexamethylenetetramine (13)). — C with aniline (1.5 moles) in dry ether 
gives (80% yield (12)) acetanilide, m.p. 114r-115®, -f 1,3,5-triphenyltrimethylenetriamine 
(“ anhydroformaldehydeaniline ”) [Beil. XXVI-3], yel. pr., m.p. 140-141° (produced by 
actn. of the liberated formaldehyde upon the excess of aniline). — [C (1 mole) with N,V- 
dimethylaniline (2 moles) + ZnCh at 11()-120® gives (5) salt of 4,4'-6is-(dimethylamino)- 
diphenyhnethane [Beil. XIII-239, XIIIi-(71)], m.p. 91°.] 

C with pyridine forms an unstable addn. cpd. (12); C with quinoline forms (12) an 
addn. cpd., m.p. 214-216® dec., eas. sol. in abs. ale. but easily pptd. with dry ether (12). 

[C with N-potassiopyrrole in dry ether gives (18% yield (14)) V-pyrrylmethyl acetate, 
b.p. 69-63.5® at 3 mm., « 1.0916, n?? * 1.4907 (14).] 

[For study of rate of reactn. of C with KI in acetone at 20® and 26® see (2).] 

3:6866 (1) Henry, Bcr. 6, 740-741 (1873). (2) Conant, Kirner, Hussey, J. Am, Chem. Soe, 
47, 407, 409 (1025). (3) Descude, Compt. rend. 132, 1568 (1001). (4) Gupta, Kaushal, Desha- 
pande, J. Indian Chem. Soc. 18, ^8-640 (1941). (5) Censi, BvU. aoc. ind. Midfumee 70, 311- 
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313 (1899); Cent. 1900, I 594-595. (6) Henry, Bull. acad. roy. Belg. 1000, 48-56; Cent. 1000, 
1 1122-1123. (7) Descude, BuU. aoc. chim. (3) 27, 867-869 (1902) ; C(mvt. rend. 132, 1568 (1901). 
(8) Henry, Compt. rend. 133, 97 (1901). (9) Descude, Bull. eoc. chtm. (3) 27, 47-48 (1903). 
(10) Descude, BuU. soc. chim. (3) 27, 1215-1219 (1902). 

(11) Kirner, J. Am. Chem. Soc. 48, 2748 (1926). (12) Ulich, Adams, J. Am. Chem, Soc, 43, 
663, 665-666 (1921). (13) Descude, Ann. chim. (7) 20, 504-508 (1903). (14) Taggart, Richter, 

J. Am. Chem. Soc. 56, 1386 (1934). 


3:5358 3-CHLORO-l,2-EPOXyPROPANE 

(“ Epichlorohydrin 
7 -chloropropylene oxide; 
(chloromethyl)ethylene oxide) 


CH 2 CI 



CsHfiOCl 


Beil. XVn - 6 
xvni-(4) 


B.P 


M.P. 

[118-119° 

(1)(60)] -48° 

117° 

(2) (3) (4) (5) 

116.5-117.6° 

at 766 mm. 

(6) 

116.75-117.00^ 

' at 762.2 mm. 

(7) 

116.66° 

at 760 mm. 

(7) 

116.5° 

at 761 mm. 

(8) 

116.45° 

at 760 mm. 

<9) 

117° 

at 768 mm. 

(10) 

117° cor. 

at 766 mm. 

UD 

116-118° 


(12) 

116-117° 

at 760 mm. 

(13) 

116° 


(14) (15) 

115-117° 


(16) 

116-116° 


(17) (18) (48) 

116.4° 

at 764 mm. 

(19) 

116° cor. 

at 740 mm. 

(20) 



(21) 

60-61° 

at 100 mm. 

(17) 

30-32° 

at 10 mm. 

(22) 


<10) = 1.17495 (23) 

1.1723 <24> 

n^‘ = 1.43585 (23) 

= 1.184 (26) 

1.1812 (10) 

1.181 (17) 

1.1801 (25) 

1.18 (18) 

nf? = 1.4382 (26) 

1.438 (17) 

Di* * = 1.1848 (25) 

n}| ' = 1.43969 (25) 
Z)” ® = 1.1928 (26) 

nU ® = 1.44195 (26) 


C is also sometimes designated as “ o^epichlorohydrin ” to distinguish it from the less 
common “ /3-epichlorohydrin ” = /3-chlorotrimethylene oxide. 

C is liq. with odor suggesting chloroform. — C is spar. sol. aq. (see also below) but misc. 
with ale. or ether. 


MISCELLANEOUS PHYSICAL PROPERTIES 

Solubility relations. C with aq. forms two layers: the lower layer conts. the following 
no. of g.*s C per 100 g. satd. soln.: at 25° 98.48 g., at 45° 97.43 g., at 70° 95.82 g., at 80.4° 
94.17 g.; the upper layer conts. per 100 g. satd. soln.: at 30.2° 6.60 g., at 52.0° 7.53 g., at 
65.0° 8.45 g., at 72.0° 9.34 g.,_at 80.2° 10.43 g. (5). 

Binary azeotropes contg. C. C with aq. forms a homogeneous const, boilg. mixt., b.p. 
88°, contg. 75% C; at 25° this azeotrope seps. into two layers contg. respectively 98% 
C and 7% C (17). 

[C with AcOH (1 : 1010) forms (9a) a const.-boilg. mixt., b.p. 115.05° at 760 mm., contg. 
65.5 wt. % C; C with tetrachloroethylene (3:5460) forms (96) a const.-boilg. mixt., b.p. 
110.12° at 760 mm., contg. 51.5 wt. % C.] 
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[Note that C with EtOH (1:6130) (9c) or with formic acid (1:1005) (9d) forms no 
azeotropes.] 

Ternary systems contg. C. [For extensive study of system C -f AcOH + aq- see (5).] 

MISCELLANEOUS PHYSIOLOGICAL AND BIOCHEMICAL 
BEHAVIOR OF C 

[For study of toxicity of C see (27); for effect on proteins see (28); for effect on wire 
worms see (29).] 

USES OF C 

The uses of C both as solvent and as chemical intermediate (see below) are manifold 
and cannot here be reviewed in detail [however, for use of C in stabilization of nitrate 
esters (30), in refining of mineral oil (31), or in treatment of cellulose fibers to improve 
dyeing with acid dyes (32) see indie, refs.]. 

PREPARATION OF C 

[For prepn. of C from l,3-dichloropropanol-2 (“ a-dichlorohydrin ”) (3:5985) with aq. 
Ca(OH )2 (22) (16) (33), with aq. NaOH (4) (13) (17) (34) (37) cf. (35), with ale. NaOH 
(36), with ether + NaOH (38), with solid NaOH (39), or with aq. KOH (2) (1) (yields: 
95% (33), 92.5%(36),90% (13) (16)(34),85% (17),79%_(2),76-81%(38),67-72%(22),70% 
(17), 60% (4)) see indie, refs.; for patents on prepn. of C from this source by use of various 
alk. materials see (40) (41) (33) (37), note that during this type of prepn. of C some gly- 
cerol (1 : 6540) is also formed (38) (44).] 

[For prepn. of C from 2,3-dichloropropanol-l (“ /3-dichlorohydrin *^) (3:6060) with 
aq. alk. see (42) (for studies of kinetics of this loss of HCl see (43)).] 

[For formn. of C from glycerol (1:6540) with PCI3 (45), with HCl (1) (50), or S 2 CI 2 
(50) see indie, refs.] 

[For formn. of C from sodium salt of 7-chloro-/3-hydroxy-n-propyl hydrogen sulfite 
(itself obtd. from C + NaHSOa) on treatment with NaOH see (46). j 

[For formn. of C from l-bromo-3-chloropropanol-2 (see below) by loss of HBr by 
actn. of cone. KOH see (1).] 

CHEMICAL BEHAVIOR OF C WITH INORGANIC REACTANTS 

Reduction of C. [C with Na/Hg in moist ether is very vslowly attacked and some allyl 
ale. (1:6145) (together with other prods.) is formed (47). — Note, however, that reactn. 
of C with Na in ether is very complicated and the prods, and mode of their formn. are 
disputed (48) (49) (44) (50) (51).] — (For behavior of C with HI sec below.) 

Oxidation of C. [C on oxidn. with HNO 3 {D = 1.38) gives (52) /3-chloro-a-hydroxy- 
propionic acid (jS-chlorolactic acid) [Beil. III-286, llli-(llO), lIl2-(209)], eas. sol. aq., 
ale., ether, cryst. from CeHe (53), m.p. 77® (53), 77-78° (52) (for resolution of this prod, 
into opt. act* forms, d-form, m.p. 91.5°, see (54)). — Note that this prod, is also obtd. by 
oxidn. of 3<hloropropanediol-l,2 (“ a-monochlorohydrin ”) (3 :9038) q.v.] 

Halogenation of C. [C with CI 2 in diffuse light gives (55) 7 , 7 -dichloropropylene oxide 
(Beil. XVII-9], oil, b.p. 170°. — C with Br 2 at 100 ° gives (56) (57) a;,a;,a;-tribromo- 7 -chloro- 
propylene oxide [Beil. XVII-9], oil, which on shaking with aq. forms a crystn. tetrahydrate, 
m.p. 55° (56).] ^ 

Behavior of C with water (or dil. acids). [C with aq. at 100° (6) in s.t. (1) cf. (60) or 
on boilg. for 14 hrs. (58) adds H 2 O giving (80% yield (58)) 3-chloropropanediol-l,2 («- 
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monochlorohydrin) (3:9038). This process is greatly facilitated by the pres, of dil. 
acids: e.g., for use of dil. H2SO4 (yields: 85-90% (34) cf. (59), 80% (36)) or formic acid 
(66% yield (212)) see indie, refs.; for study of kinetics of this reactn. inch infiuenoe of 
various acids and salts see (6) (19) (61) (62); for patent on use of dil. acids or acid-reacting 
salts see (63). — Note, however, that C with aq. contg. 3-20% H2SO4 at 100-250® under 
press, gives (72) acrolein (1:0115).] 

Behavior of C with halogen hydracids (HX). With HF. IC with 30% HF soln. reacts 
vigorously yielding (64a) 3-chloropropanedioH,2 (“ a-monochlorohydrin **) (3:9038) 
and other prods. ; note that C with IIF under some circumstances appears to yield (64&) 
polymers.] 

With HCl. [C with cone. HCl shaken several hrs. at room temp. (3) (4) cf. (19) (65), 
or C with HCl gas (51) in AcOH (11), gives (80% yield (4)) l,3-dichloropropanol-2 (“a- 
dichlorohydrin ”) (3:5985).] 

With HBr. [C with const.-boilg. HBr (D - 1.48) as directed (66) cf. (1) gives aim. 
quant, yield l-bromo-3-chloropropanol-2 [Beil. 1-365, Ii-(185), l2-(385)], b.p. 197® at 
760 mm. (66), 92° at 20 mm. (66), = 1.726 (67), ng = 1.5140 (67) (corresp. bia- 

(N-phenylcarbamate), m.p. 73° (68)).] (See below under reactn. of C with metal bromides.) 

With HI. [C with 66% HI (69) cf. (66) (1) gives 3-chloro-l-iodopropanol-2 [Beil. 1-366, 
Ii-(186), l2-(386)], b.p. 226° (1), 107° at 19 mm. (66), 110° at 9 mm. (69).] (See also below 
under behavior of C with metal iodides. ) 

Behavior of C with oxygenated inorganic acids. [C with cone. H2SO4 (70) or 84% 
H2SO4 in cold (71) gives a corresp. mono (acid sulfate) ester [Beil. 1-474, l2-(538)], but 
whether this HSO4 group is attached through oxygen to the first or second carbon atoms 
of C is unknown.] 

[C with HNO3 at not above 20° as directed (73) gives 42% yield of a mononitrate ester 
of 3-chloropropanediol-l,2 (“ a-monoclilorohydrin ^’); C with fumg. HNO3 at 0° gives 

(74) 7-chloropropylene glycol dinitrate [Beil. 1-474]; C with mixed HNO3 + H2SO4 gives 

(75) a mixed nitrous/nitric ester [Beil. 1-474] of 3-chloropropanediol-l,2 (3:9038).] 

[For analogous reactns. of C with n3P04 (71) (89) or with HCIO4 in ether (76) see indie, 
refs.; for behavior of C toward HOC! see (77).] 

Behavior of C with salts of inorganic acids. (For behavior with NaCN, etc., see below 
under organic reactants.) 

With metal chlorides. [C in dry ether adds anhydrous ZnCl2 giving (78) CICH2.CH- 
(OZnCl).CH2Cl;C in dry ether adds anhydrous MgCl2 giving (78) CICH2CH (OMgCl)CH2Cl; 
both these cpds. on hydrolysis yield (78) 1 ,3-dichloropropanol-2 (“ a-dichlorohydrin ”) 
(3:5985). — Note also that C (2 g.) with MgCl2 (1 g.) + aq. (2 ml.) -f abs. ale. (5 ml.) 
in st. at 125° for 6 hrs. (79) cf. (11) gives Mg(OH)2 + 1,3-dichloropropanol (above); C 
with ale. FeCl3 gives (11) Fe(OH)3 + l,3-dichloropropanol-2 (above).] (See also below 
under reactn. of C with RMgX cpds.) 

With metal bromides. [C (1 mole) with MgBr2 (1 mole) in dry ether pves (80) similarly 
ClCH2.CH(OMgBr).CH2Br which on hydrolysis yields (80) l-bromo-3-chloropropanol-2 
(props, given above under reactn. of C with HBr).] (See also below under reactn. of C 
with RMgX cpds.) 

With metal iodides. [C with dry KI in st. at 100® for several days (1), or C with KI 
(2 moles) in abs. ale. at 80-85° for 11 hrs. (81), or C with Nal (1 mole) in acetone refluxed 
21 hrs. (82), gives (40% yield (82)) 3-iodo-l, 2-epoxypropane (“ a-epiiodohydrin ’^) [Beil. 
XyiI-10], b.p. 167° (1), 64® at 24 mm. (82), 62® at 24 mm. (81).] 

[C with cone. aq. Mgl2 soln, gives aim. quant, yield (170) 3-chloro-l-iodopropanol-2 
for whose constants see above under behavior of C with HI.] 
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With aXkali sidfidea. [For patents on behavior of C with aq. Na2S see (83) (84).] (See 
also below.) 

With Mali sulfites, [C with NaHSOs in s.t. at 100® (11) or htd. under reflux {S5) (46) 
(86) or in cold (87) gives sodium salt of 3-chloro-2-hydroxy-w-propyl hydrogen sulfite 
[Beil. 1-474, l2-(538)].] 

[C (1 mole) with cone. aq. Na2S03 (2 moles) htd. under reflux 13^-2 hrs. (46) or C with 
cone. aq. K2SO8 (85) gives corresp. salts of glycerol disulfonic acid.*’] 

[For behavior of C with Na8P04 (15), with Na2HP04 (88), or with NasAsOa (90) see 
indie, refs.] 

Behavior of C with other non-nitrogenous inorganic reactants. [C with PCls gives an 
addition prod. (91) which with aq. regenerates C and also forms H3PO3. — C with PCls 
yields (1) 1,2,3-tricldoropropane (3:5840) + POCI3.] 

[C with ^Cl2 gives (92) 67% l,3-dichloropropanol-2 (“ a-dichlorohydrin ”) (3:5985) -f 
33% o,a'-dichloroacetone (3:0563). — C with SO2CI2 + AICI3 in CCI4 gives (93) /3,/3'- 
dichloroisopropyl chlorosulfonate.] 

[C in alk. soln. treated with H2S at 0® gives (94) /8-chloro-<*-hydroxy-w-propyl mercaptan, 
b.p. 60® at 1.3 mm., — 1.2981, nu - 1.5257 (94); at 50®, however, further loss of 
HCl occurs yielding by ring closure (94) /3-hydroxytrimethylene sulfide, b.p. 57® at 1.3 mm., 
DI® = 1.2130, nf) = 1.5433 (94). — Note, however, that C treated directly at 125® with 
H2S gives (95) 6ts-(/3-chloro-Qc-hydroxy-n-prop3d) sulfide, oil, undistillable without decn. 
even at 2 mm. (95).] 

[C with AgCIs gives (96) iris- (/3,/3'-dichloroisopropyl)arsine, b.p. 88-93® at 10 mm., 
= 2,145 (96).] 

Behavior of C with NH3 and other inorganic nitrogen cpds. [C satd. repeatedly with 
NHa gas as directed (97) gives <ris-(/3-<jhloro-a-hydroxy-n-propyl)amine [Beil. IV-291], 
m.p. 92-93® (corresp. B.HCl, m.p. 173® (97)); note that from the reactn. prod, of C with 
ethyl acetoacetate treatment with excess ale. NH3 gives (98) 3-chloro-2-(l?)-aminopropanol- 
1(2?) [Beil. IV-291].] 

[C in ale. with NH3 gas or C in ale. with NaNH2, or C with aq. NH4OH (11) (99) gives 
a reactn. prod, of undetermined constitution, useful in productn. (100) of vat dye printing 
pastes.] 

[C with hydrazine hydrate at 100® for 30 min. or in ale. under reflux for 5 hrs. gives (101) 
7-hydrazinoepihydrin which with ZnCb at 100° gives (101) pyrazole [Beil. XXIII^9, 
XXIIIi.(15)], m.p. 69.5-70® (101).] 

[For behavior of C with basic potassium iminodisulfonate, KN(S03K)2, leading to 
dipotassium epihydrin-N,N-disulfonate (102) (103), or with basic potassium hydroxyl- 
aminedisulfonate, K0N(S03K)2, leading to dipotassium epihydrinhydroxylamine-N,N- 
disulfonate (104), see indie, refs.] 

CHEMICAL BEHAVIOR OF 0 WITH ORGANIC REACTANTS 
Behavior of C with Hydroxy and Mercafto Compounds 

With monohydric alcohols. C with alcohols reacts to give by opening of the oxide ring 
the corresp. primary ethers of 3-chloropropanediol-l,2(“ a-monochlorohydrin ”) (3:9038). 

[C with MeOH (1:6120) in pres, of H2SO4 (105) (66) (106) (107), or C with MeOH at 
elev. temp, under press. (108), or C with MeOH + BFs (109), gives (yields: 88-90% (105), 
89% (106), 74.5% (109)) 7-chloro-^-hydroxy-n-propyl methyl ether C chloromethylin ”) 
[Beil. l2-(538)], b.p. 173® at 752 mm. (105), 172® (106), 170.5-171.5® (109), 95® at 20 mm. 
(106), Df » 1.1648 (109), w?? = 1.4474 (109). — Note, however, that C with MeOH in 
pres, of KOH ipves (110) (111) glycerol a,a'-dimethyl ether (/3,/3'-dimethoxy-i8opropyl ale.) 
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[Befl. 1-612, l2-(600)], b.p. 167-168° at 760 mm., 65.5-66.0° cor. at 0 mm. <113), - 

1.0085 (113), Df = 1.012 (111), - 1.4183 (111), - 1.4192 (113) (correap. p- 

nitrobenzoate, m.p. 43° (112)).] 

[C with EtOH (1:6130) in pres, of H 2 SO 4 reOuxed 6 hrs. (17) or 20 his. (106) gives 
(yields: 80% (106), 76% (17)) 7 -chloro-^-hydroxy-n-propyl ethyl ether (“ chloroethylin ”) 
[Beil. 1-474, Ii-(638)], b.p. 183-184° (106), 104-106° at 60 mm. (17), 96-100° at 20 mm. 
(106), Dj® - 1.107 (17), nf,® = 1.442 (17). — Note, however, that C with EtOH + KOH 
pves (110) glycerol a,a'-diethyl ether (^,^'-diethoxyisopropyl ale.) [Beil. 1-512], b.p. 191° 
at 760 mm. (13) (111), 108-109° at 60 mm. (Ill), 61.5-62.0° cor. at 2 mm. (113), Dj® = 
0.952 (111) (13), Df = 0.9514 (113), n^® = 1.419 (111) (13), nf? = 1.4200 (113).] 

[For corresp. behavior of C with n-butyl ale. (1:6180) + H 2 SO 4 (106), with isoamyl ale. 
(1:6200) + H 2 SO 4 (106), see indie, refs. — C with dodecanol -1 (lauryl ale.) (1:5900) 4 - 
FeCls in s.t. at 160“ for 18 hrs. (39% yield (114)) or with H 2 SO 4 (115) gives 7-chloro-i3- 
hydroxy-n-propyl n-dodecyl ether, b.p. 157“ at 1 mm. (114), nj} - 1.4525 (114). — (For 
attempts to effect analogous reactn. between C and ter-butyl alcohol (1:6140) in pres, of 
H 2 SO 4 and for physical constants on higlier members of di(alkoxy) isopropyl ale. series 
seeJllS).)] 

[C with ethylene chlorohydrin (3:5552) 4- H 2 SO 4 gives (70% yield (116)) T-chlorcHS- 
hydroxy-n-propyl /3-chloroethyl ether, b.p. 123-125“ at 18 mm. (116).] 

With polyhydric alcohols. [C with ethylene glycol (1:6465) 4- H 2 SO 4 gives (56% 
yield (117)) 7 -chloro-/ 3 -hydroxy-n-propyl /9-hydroxyethyl ether, b.p. 135-139“ (117).] 

[For presumably analogous behavior of C with glycerol 4” H 2 SO 4 see (118); for behavior 
of C with cellulose 4“ 50% NaOH see (119).] 

With mercaptans. C with mcrcaptans behaves in general analogously to C with mono- 
hydric aJes. 4- H 2 SO 4 . 

[E.g., C with MeSH is imreported. — C with EtSH at 50“ for 4 hrs. gives (90% yield 
(95)) 7-chloro-/3-hydroxy-n-propyl ethyl sulfide, b.p. 114-115° at 16 mm.; note, however, 
that C with EtSH in aq. KOH (i.e,, KSEt) reacts differently yielding (95) 1,2-epoxy-n- 
propyl ethyl sulfide, b.p. 67-68“ at 15 mm., = 1.0196, wd = 1.4789. — C with tir 
PrSH 4- activated carbon at 90° for 7 hrs. gives (95) 7-chlorO'/3-hydroxy-n-propyl ri-propyl 
sulfide, b.p. 95“ at 4 mm.] 

[C (1 mole) with benzyl mercaptan (1 mole) at 130“ for 7 hrs. gives (95) 7-chlorcHJ- 
hydroxy-n-propyl benzyl sulfide, b.p. 154-156“ at 4 mm.; note, however, that C (1 mole) 
with benzyl mercaptan (2 moles) in ale. NaOH gives (46) 6i»-(i3,/3'-dibenzylmercapto)- 
isopropyl ale., m.p. 59°.] 

[C with thiophenol at 130“ for 5 hrs. gives (95) 7 -chloro-^-hydroxy-Ti-propyl phenyl 
sulfide, b.p. 141“ at 4 mm.] 

With monohydric phenols. C with monohydric phenols reacts to give by opening of 
the oxide ring the corresp. primary aryl ethers of 3-chloropropanediol-l,2('‘ o-mono^ 
chlorohydrin”) (3:9038). 

[C with phenol (1 : 1420) (2 moles) at 110 “ for 10 hrs. (17), or at 150-160“ under press. 
(120) (121) cf. (122), gives ( 86 % yield (17)) 7 -chlora-| 8 -hydroxy- 7 i-propyl phenyl ether 
(“ «-monochlorohydrin 7 -phenyl ether ”) [Beil. VI-147, VIi-(85)], b.p. 155-156“ at 16 mm. 
(123), 152-153“ at 12 mm. (121), 125-126“ at 2 mm. (17), D^i == 1.209 (17), ng * 1.540 
(17) (this prod, is also formed even in pres, of a very little NaOH (123)). — C (1 mole) 
with phenol (1:1420) (1 mole) 4- aq- NaOH (1^ moles) at ord. temp, for 24 hrs. gives 
(40% yield (17) (125)) (124) 3-phenoxy-l,2-epoxypropane (glycidol phenyl ether) [Beil. 
XVII-105, XVIIi.(50)], b.p. 243-244“ cor. (124), 133“ at 23 mm. (124), 115-116“ at 3-4 
mm. (17), D^l — 1.10 (17); this reactn. occurs so readily that this prod, has formerly been 
mistaken for glycerol a, 7 -diphenyl ether (see following). — C with phenol (1:1420) -f 
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alo. NaOEt under reflux <120) cf. (124) (127) yields glycerol a, a'-di (phenyl) ether 
diphenoxyisopropyl ale.) [Beil. VI-149, VIi-(86)], Ifts. from ale., m.p. 82® (120) (127), 
81-82® (124), 80-81® (17).] 

C (1 mole) with p-nitrophenol (1 mole) + aq. NaOH (1^ moles) at ord. temp, for some 
days gives (126) 3-(p-mtrophenoxy)-l,2-cpoxypropane (glycidol p-nitrophenyl ether) 
[Beil. XVIIi-(51)], m.p. 67® cor. (126), 69® (127). — C (l mole) with 2,4-dimtrophenol 
(1 mole) in aq. KOH 0 mole) refluxed several days, or C with Ag 2,4-dinitrophenolate in 
ale., gives (42^7% yield) (note that C is in excess (128)) glycerol a,o{'-6i8-(2,4r-dinitro- 
phenyl)ether, m.p. 79® (128).] 

[C (1 mole) with o-cresol (1 : 1400) (1 mole) 4- very dil. aq. NaOH at ord. temp. 9 days 
gives (30% yield (123)) 7-chloro-/3-hydroxy-?i-propyl o-tolyl ether (“ a-monochlorohydrin 
7 -(o-tolyl) ether) [Beil. Vli-(201)], oil, b.p. 165° at 14 mm. (corresp. N-phenylcarbamate, 
m.p. 113-114°); C (1 mole) with o-cresol (1 mole) + excess aq. NaOH at ord. temp. 4 
days gives (131) 3- (o-toloxy)-l, 2-epoxypropane (glycidol o-cresyl ether) [Beil. XVII-105], 
oil, b.p. 134.5® at 14 mm. (131); note, however, that C (1 mole) with Na o-cresolate (2 moles) 
in ale. refluxed 24 hrs. gives (37% yield (129)) cf. (130) glycerol a,a'-6i8-(o-tolyl)ether 
[BeU. VI-354], m.p. 36-37°, b.p. 226° at 13 mm. (129) (130). — C (1 mole) with 7n-cresol 
(1:1730) (1 mole) + 20% aq. NaOH (l/40 mole) at ord. temp, for 56 days gives (67.5% 
yield (126)) 7-chloro-/3-hydroxy-n-propyl m-tolyl ether (“ a-monochlorohydrin ” y-(m- 
tolyl) ether) [Beil. VIr(186)], b.p. 167.5° cor. at 13 mm. (corresp. N-phenylcarbamate, 
m.p. 108-108.5° cor.); C (1 mole) with m-cresol (1 mole) + excess aq. NaOH at ord. temp, 
gives (126) 3-(m-toloxy)-l,2-epoxypropane (glycidol m-tolyl ether) [Beil. XVIIi-(51)], 
b.p. 139.6-140° cor. at 15 mm.; note, however, that C (1 mole) with Na m-cresolate (2 moles) 
in ale. refluxed several days gives (23% yield (129)) (130) glycerol a, a'-5i8- (m-tolyl) ether 
[Beil. VI-378], b.p. 232° at 13 mm. (129) (130).— C (1 mole) with p-cresol (1:1410 
(1 mole) -f- 20% aq. NaOH (3^o mole) at ord. temp, for 8 days gives (47% yield (123)) 
7-chloro-/3-hydroxy-n-propyl p-tolyl ether (‘^ a-monochlorohydrin ** 7 -(p-tolyl) ether) 
[Beil. VIi-(201)], oil, b.p. 165° at 14 mm. (corresp. A-phenylcarbamate, m.p. 113-114°); 
C (1 mole) with p-cresol (1 mole) + excess aq. NaOH at ord. temp, gives (124) cf. (120) 
3- (p-toloxy)-l, 2-epoxy propane, (glycidol p-cresyl ether) [Bril. XVlI-105, XVIIi-(51)], 
b.p. 136° at 17 mm. (124); note, however, that C (1 mole) with Na p-cresolate in ale. under 
reflux gives (120) (124) glycerol a, a'-5es- (p-tolyl) ether [Beil. VI-395], m.p. 88° (120) 
(124).] 

[The analogous behavior of C with other monohydric phenols cannot be detailed here; 
however, for C with a-naphthol (1:1500) (120) (126) (132), ^-naphthol (1:1540) (126) 
(127) (132), carvacrol (1:1760) (126), thymol (1:1430) (126), guaiacol (1:1405) (126) 
(127) see indie, refs.] 

With dihydric phenols. [C (1 mole) with pyrocatechol (1:1520) (1 mole) -j- KOH 
(1 mole) condenses with ring closure yielding (133) (134) 5-(hydroxymethyl)-2,3-benzo- 
dioxane-1,4, m.p. 96°, b.p. 160° at 17 mm. (133) (134).] 

[For behavior of C with 4-acetylresorcinol (resacetophenone) see (135).] 

Behavior op C with Ethers 

[C with dimethyl ether -j- BFa at —35° after reactn. and distn. gives (86.6% yield (136)) 
fn«-(j8-chloro-i8'-methoxy-isopropyl) borate, accompanied by a little 7-chloro-/3-hydroxy- 
n-propyl methyl ether (for constants see above under behavior of C with monohydric 
ales.). — C with diethyl ether -f BFs at 20-25° overnight followed by treatment with 
aq. 2N Na 2 C 03 gives mainly (136) 7"Chloroi3-hydroxy-w-propyl ethyl ether (for constants 
see above under behavior of C with monohydric ales.) accompanied by ethyl alcohol 
(1:6130); direct distillation of the reaction mixt. without Na2C08 treatment, however. 
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gives (136) (rM-(/3-chloro-i8-ethoxyi8opropyl) borate, b.p. 210-216® at 12 mm., Dj® « 
1.148 (126).] 

[C with a-halogen-methyl alkyl ethers in pres, of HgCL gives (137) (105) (by ring opening 
and addn.) mixed formals; e.g., C with chloromethyl methyl ether (3:7085) + HgCl2 
gives formaldehyde /3,/3'-dichloroisopropyl methyl acetal, etc.] 

Behavior op C with Carbonyl Compounds 

With aldehydes. [C with aldehydes condenses to yield the corresp. 2-alkyl-4- (chloro- 
methyl )-l,3-dioxolanes; (however, the prod, to be expected from C with formaldehyde 
(1:0145), viz., 4- (chloromethyl )-l,3-dioxolane [Beil. XlX-8, XIXi-(610)], b.p. 126° at 
750 mm. (138), has not been so reported, but rather from 3-chloropropanediol-l,2 (“ a- 
monochlorohydrin”) (3 : 9038)) ; for behavior of this prod, with solid KOH at 110® involving 
loss of HCl and formn. (94% yield (139)) (140) of the formal of propen-1 -diol-2,3, b.p. 
93-95® at 758 mm. (139), nJS = 1-4336 (139), see indie, refs.) 

[C with acetaldehyde (1:0100) -f SnCL* in CCI 4 at 18-25® gives (45% yield (141)) 
4- (chloromethyl )-2-methyl-l,3-dioxolane (“acetaldehyde 7 -chloropropylene acetal ”) [Beil. 
XIXi-(610)], b.p. 158-162® at 760 mm. (141).— C with propionaldehyde (1 :0110) + SnCU 
in CCI 4 gives (64% yield (141)) (142) 4-(cliloromethyl)-2-ethyl-l,3-dioxolane, b.p. 65- 
70® at 18 mm. (142). — For analogous reactions of C with n-butyraldehyde, octanal-1, 
decanal-1, and dodecanal-1 see (142); with crotonaldehyde see (141).] 

With ketones. C with ketones condenses in completely analogous fashion to yield 
the corresp. 2,2-dialkyl-l,3-dioxolancs. [E.g., C (converted to 3-chloropropanediol-l,2 
(“ a-monochlorohydrin *’) (3:9038) although this may be unnecessary) gives (60% jnield 
(58)) 4- (chloromethyl )-2,2-dimethyl-l,3-dioxolane (“ acetone-glycerol a-chlorohydrin **), 
b.p. 157® at 767 mm., /I 4 ® = 1.1079, ni) = 1.43750 (58). — C with benzophenone (1:5150) 
-f- SnCU in CCI 4 at 13-25® gives (73% yield (141)) 4- (chloromethyl )-2,2-diphenyl-l,3- 
dioxolane, m.p. 44.5®, b.p. 159-167® at 2-3 mm. (141). — For analogous behavior of C 
with phenacyl bromide, camphor, and cyclopentadecanone see (141).] 

Behavior of C with Organic Acids 
(For salts, acid chlorides, acid anhydrides, see below.) 

With aliphatic monobasic acids. [C with AcOH (1 : 1010) in s.t. at 180® for 24 hrs. 
(143) cf. (1) gives a mixt. of both glycerol a-chlorohydrin a'-acetate (3:6775) and glycerol 
a-chlorohydrin /3-acetate (3:6517); C with AcOH -|- a little FeCL at room temp, for 24 
hrs. gives (90% yield (144)) a prod, supposed originally (144) to be glycerol a-chlorohydrin 
a'-acetate (3:6775); note, however, that later workers (36) could obtain only 25% 3deld 
unless mixt. stood 15 days at room temp, or 2 days at 80® and regarded the product as 
glycerol a-chlorohydrin /3-acetate (3:6517). — C with ahphatic monobasic acids contg. 
at least 4 carbon atoms AICI3 (145) or C with aliphatic, alicyclic, or aromatic acids 
(contg. no sulfonic acid groups) pyridine (146) gives corresp. mono esters (probably 
mixt. of a- and /3-) of 3-chloropropanediol-l,2 (3:9038).] 

[C with trichloroacetic acid (3:1150) undergoes ring closure (similar to that of C with 
carbonyl cpds. above) giving (147) 4-(chloromethyl)-2-hydroxy-2-(trichloromethyl)-l,3- 
dioxolane, b.p. 99-101® at 0.11 mm., = 1.4892.] 

[C ^ith thiolacetic acid (CHs.CO.SH) at 60® for 12 hrs. gives (76% yield (148)) 7 - 
chloro-j3-hydroxy-n-propyl thiolacetate, b.p. 100-101® at 1 mm., D?? — 1.2806, n© ** 
1.5186; on longer htg., e.g., 85 hrs. at 60®, or even at ord. temp, on 2 weeks stgd. in diffuse 
light, largely rearr. to /3-chloro-/3'-mercapto-isopropyl acetate, b.p. 69-70° at 1 mm., />?? « 
1.2308, wg* - 1.4855 (148).] 
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With HCN (or its salts). [C with excess anhydrous HCN in s.t. at 75-86® for 90 his. 
.<149) <150) cf. <151) <152), or C with anhydrous HCN + some solid KCN in s.t. at ord. 
temp, for 8-4 days <153), or C with aq. Ca(CN )2 <154), gives (yields: 86% <153), 72% 
<150), 70% <151), 65% <149)) 7-chloro-/3-hydroxy-n-butyronitrile [Beil. III-310], b.p. 
260® dec. <151), 140® at 20 mm. <151), 134-136® at 15 mm. <153), 110-111® at 2 mm. <161), 
HL® « 1.233 <163), nif = 1.4736 <153). — Note, however, that C with aq. or ale. KCN 
splits out KCl giving <155) <85) 3-cyano-l, 2-epoxy propane (“ epicyanhydrin ”) [Beil. 
XVIII.2611, m.p. 162®.] 

Behaviob op C with Salts op Organic Acids 

[C with dry KOAc first at 110®, later at 150® <156) cf. <157), or at 120-135®, later 150® 
<18) <168), gives 3-acetoxy-l, 2-epoxy propane (glycidyl acetate) [Beil. XVII-106], b.p. 
168-169® <157), 167-168° <143), 162-164® at 750 mm. <158), accompanied by other prods, 
(for study of polymerization of this prod, see <18) <158)).] 

C with aq. K cyanate on boilg. <159) <160) or C with free isocyanic acid (from htg. 
cyanuric acid) in cold <160) adds yielding 5-(chloromethyl)oxazolidone-2 [Beil. XXVII- 
145, XXVIIi-(260)l,_pr. from aq., CeHe, or AC 2 O, m.p. 106® (161) <159), 105® <159). 

[For behavior of C with diso^um methyl phosphate (162) or with disodium glycero- 
phosphate <163) see indie, refs.) 

Behavior op C with Acid Chlorides 

C with acid chlorides yields corresp. esters of jSjjS'-dichloroisopropyl ale. (“ glycerol a- 
dichlorohydrin ’*) (3:5985) as exemplified by the following illustrations. 

With aliphatic acid chlorides. [6 with AcCl (3:7065) <164) in s.t. at 100® for 2 hrs. 
<165) or 30 hrs. <166) gives (73% yield <164)) /3,/3'-dichloroisopropylacetate (3:6318). — 
C with propionyl chloride (3:7170) in s.t. at 135® for 3 hrs. gives <167) /3,/3'-dichloroiso- 
propyl propionate [Beil. Il2-(221)], b.p, 208®, Z)!® = 1.2222 <167). — C with w-butyryl 
chloride (3:7370) in s.t. at 100® <166) or with exclusion of aq. in flask at 75® for 8 hrs. <167) 
gives /S,^-dichloroisopropyl n-butyrate [Beil 11-271, Il2-(246)], b.p. 226-227® at 738 mm. 
<166), 223.5® <167), - 1.1792 <167), = 14540 <167). —C with isovaleryl chloride 

(3:7560) gives <166) <168) /3,/3'-dichloroisopropyl isovalerate [Beil. 11-312, Il2-(275)1, 
b.p. 245® at 737 mm. <166), 127-140® at 36 mm. <168), Z)?? = 1.444 <168), = 1.450 

<168). — C with stearoyl chloride (3:9960) in s.t. at 130® for 3)^ hrs. gives <167) 
^chloroisopropyl stearate [Beil. Il2-(362)], m.p. 39.5°.] 

Behavior op C with Acid Anhydrides 

With anhydrides of aliphatic acids. [C with Ac20 (1 : 1015) in s.t. at 180® for 4 hrs. 
<166) or C with AC 2 O -f FeCls at ord. temp, for 24 hrs. <144) gives (90% yield <144)) 
dichloroisopropyl acetate (3:6318).] 

With anhydrides of aromatic acids. [C with phthalic anhydride (1 :0725) + dimethyl 
aniline at 100® is claimed <169) to give the monomolecular neutral phthalate [Beil. XIX- 
166] of 3-chloropropanediol-l,2.] 

Behavior op C with Oroanometaluc Compounds (or Their Equivalents) 

Behavior with Grignard compounds. With RMgX cpds. from alkyl or alkaryl halidea 
[C with MeMgl in dry ether evolves gas (CHt?) and after acidification yields <171) 3- 
(diloro-l-iodopropanol-2 (for constants see above under behavior of C with HI).] 

[The reactn. of C with EtMgBr may give three different prods, (or mixtures of them) 
according to circumstances: the first of these is l-bromo-3-chloropropanol-2 (for constants 
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see above under behavior of C with HBr) ; the second is the expected l-chloropentanol-2 
(3:8225); the third is cyclopropanol, b.p. 100-103“ (80) (172), Dig - 0.9110 (80), niS - 
1.4129 (80) (corresp. p-nitrobenzoate, m.p. 72.0-72.6®; 3,6^nitrobenzoate, m.p. 108-109®; 
i^-phenylcarbamate, m.p. 101.5-102.0®; iST- (p-nitrophenyl)carbamate, m.p. 169-160®; 
i\r-(a-naphthyl)carbamate, m.p. 100.6-101.5® (172)). — Note that C with EtMgBr gives 
(16-19% yield (67) (173)) l-chloropentanol-2 (3:8225), whUe C with MgEt2 gives 70-83% 
yield (80). — For review of earlier work on this rather complex system see (80) (173) (67).] 
[For behavior of C with 15 other RMgX cpds. leading in general to chlorohydrins of 
type RCH2CH(0H)CH2C1 see (173).] 

WUh RMgX cpda. from aryl halides. [C with CeHsMgBr gives (18% jdeld (173)) (132) 
(174) (176) 3-chloro-l-phenyl-propanol-2 [Beil. VI-503], b.p. 254-257® (174), 163-164® 
at 28 mm. (174) (175), 142-144® at 23 mm. (173), - 1.1528 (173), ng » 1.6470 (173) 

(corresp. 3,6-dinitrobenzoate, m.p. 120-121® (173)). — For analogous behavior of C with 
RMgX cpds. from a-bromonaphthalene and from p-bromanisoie (p-bromophenyl methyl 
ether) see (132).] 

Behavior with various sodio derivatives. [C with diethyl sodiomalonate in abs. ale. at 
50® does not split out NaCl but rather by ring opening, addn. of reactant, and elimination 
of EtOH ppts. (176) (177) cf. (178) the monosodium enolate (m.p. 172® dec. (176)) of a- 
carbethoxy-«-chloro-n-valero-7-lactone [Beil. XVlII-373, XVlIIi-(478)], set free (yields: 
78% (177), 50% (176)) by acidification as an oil, b.p. 180-182® at 12 mm. (176), 176-180® 
at 12 mm- (177). — Note that this lactone with excess ale. NHs gives on evapn. (176) 
(179) 7-chloro-/3-hydroxy-n-propylmalondiamide [Beil. III-450], m.p. 117-118®.] 

[C with ethyl sodioacetoacetate in abs. ale. at 60® does not split out NaCl but rather by 
ring opening, etc., as in preceding case gives after acidification (yields: 80% (176), 74% 
(177)) a-aceto-6-chloro-n-valero-7-lactone [Beil. XVII-421, XVIIi-(230)], b.p. 168® at 
16 mm. (177), 163® at 12 mm. (176).] 

[C with ethyl sodio-benzoylacetate in abs. ale. behaves in analogous fashion yielding 
after acidification (180) a-benzoyl-fi-chloro-TO-valero-7-lactone [Beil. XVII-497], m.p. 
105*-106®.] 

Behavior of C with Amines 

With primary amines. With aliphatic primary amines. This reactn. appears not to 
to have been thoroughly studied [however, for reactn. of C with MeNH2 (181) and use 
of prod, in prepn. of vat dye printing pastes (182) see indie, refs.]. 

With alicyclic primary amines. [C (1 mole) with cyclohexylamine (3J^ moles) under 
reflux gives (18% yield (82)) ^,j3'-6i5-(cyclohexylamino)isopropyl ale., m.p. 72-73®.] 

With aromatic primary amines. [C (1 mole) with aniline (2 moles) in toluene refluxed 
95 hrs. gives (yield not stated (71)) 3-(phenylamino)-l, 2-epoxypropane (“ glycidanilide ”). 
— C (1 mole) with aniline (3 moles) at 140® is claimed (183) to yield ^,/5'-6w-(phenyl- 
amino)isopropyl ale. [Beil. XII-553J, m.p. 53-54®, but later workers could obtain only 
viscid oils (184) or a further reactn. prod, supposed (185) to be /3-(phenylamino)i5'-(di- 
phenylamino)isopropyl ale., m.p. 350® dec. (185).] 

[C (1 mole) with p-toluidine (2 moles) might be expected to yield 3- (p-tolylamino)-l ,2- 
epoxypropane, but no such cpd. appears to have been recorded. — However, C (1 mole) 
with p-toluidine (1 mole) in dil. ale. (186) (184) (82) (but not in CcHc (184)) opens ring to 
yield by addn. /?-chloro-/3'-(p-tolylamino)isopropyl ale., m.p. 85® (184), 81-82® (186); 
this prod, on htg. with p-toluidine (184) or C (1 mole) with p-toluidine (2 moles) at 155® 
(186) gives /9,/5'-6is-(p-tolylamino)isopropyl ale., m.p. 116® (184), 113.5® (186).] 

[C with p-phenetidine hydrochloride in aq. soln. at ord. temp, especially in sunlight 
Cpves (40% yield (187)) cf. (188) N,N-Ws“(7-<5hloroi3-hydroxy-n-propyl)phenetidine4 
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[For behavior of C with ^-naphthylamine in xylene under reflux <189), with arsanilic 
acid <190), or with p-aminophenol (or its ethers) <191) see indie, refs.] 

With heterocyclic primary amines. [C with a-aminopyridme gives (63% 3rield <192)) by 
addn. to oxide ring and subsequent ring closure a prod., m.p. 190®, regarded as 1,2- 
divinylene-6-hydroxytetrahydropyrimidine.”] 

With phenylhydrazine. [C with 13^ pts. phenylhydrazine in ether at not above 16® for 
10 days ppts. phenylhydrazine hydrochloride and leaves in the other 4-hydroxy-l-phenyl- 
pyrazolidine [BeiL XXIII-348], m.p. 103-104® <193); this prod, with phenylhydrazine 
hydrochloride on warming in CeHe <193) or C with 2 pts. phenylhydrazine in CeHe re- 
fluxed 8-9 hrs. <194) gives (58% yield <194)) 1-phenylpyrazole [Beil. XXIII-40, XXIIIi- 
(16)1, b.p. 246.5® cor. at 765.4 mm. <194), m.p. 11-11.5° <194), = 1.1127 <195), n|? « 

1,6966 <195).] 

With secondary amines. With aliphatic secondary amines. [C with Me 2 NH pre- 
sumably gives <196) /3-chloro-/9'-(dimethylamino)isopropyl ale., but no constants are 
reported in the literature, either for it or for its ring-closure derivative, 3-(dimethylamino)- 
1, 2-epoxypropane, cf. <196); note further that the prod, to be expected from 0+2 Me 2 NH, 
viz., /3,/3'-6w-(dimethylamino)isopropyl ale. [Beil. IV-2901 <197), although known, has not 
been prepd. from C, but only by other means.] 

[C with aq. Et 2 NH gives <196) <198) cf. <199) 3-(diethylamino)-l,2-epox3q)ropane 
[BeU. XVIII-583], b.p. 155-159 at 760 mm. <198), 55-60® at 15 mm. <196), 40-50® at 
8 mm. <198), Z)4® = 0.8876 <196). — C (1 vol.) with Et 2 NH (3^ vols.) refluxed 2-3 hrs. 
gives (82% yield <200)) /3,/8^-5i5-(diethylamino)isopropyl ale., b.p. 114® at 9 mm. (corresp. 
S.2PkOH, m.p. 163® <200).] 

[C with di-n-propylamine (2 moles) gives (70% yield <215)) l,3-6is-(di-n-propylamino)- 
propanol-2, b.p. 9^101® at 3 mm., 0.8624, = 1.4483 <215).] 

With aromatic secondary amines. [C with AT-methylaniline gives (198) cf. <199) 3- 
(JV-methylanilino)-l,2-epoxypropane, b.p. 160-162® at 30 mm. <198), 132-135° at 8 mm. 
<198); note, however, that C (1 mole) with iNT-methylaniline (1 mole) at 100° for 4 hrs. 
<82) gave none of the preceding cpd. but a very small yield (2%) of /8,/3'-6is-(Ar-methyl- 
anilino)isopropyl ale., m.p. 82°, accompanied by other prods.] 

[C with diphenylamine at 160-170® under press, splits out HCl and ring-closes with 
loss of H 2 O yielding <201) l-phenyl-3-hydroxy-l,2,3,4-tetrahydroquinoline [Beil. XXIi- 
(205)], m.p. 79®, b.p. 200® at 5 mm.] 

With heterocyclic secondary amines. [C with piperidine gives (196) <198) by elimination 
of HCl 3- (piperidino)-l, 2-epoxypropane, b.p. 86.5-88° at 15 mm. (196), 72-77° at 8 mm. 
<198), Di® = 0.9669 <196).]_ 

With tertiary amines. C with tertiary amines gives quaternary salts, but this reactn. 
is often followed by opening of the oxide ring and addn. of reactant. 

With aliphatic tertiary amines. [C with ale. EtaN (1 mole) in s.t. at 100® gives <202) a 
little of the corresp. quat. salt, viz., triethyl- (|3,7-epoxy-n-propyl)ammonium chloride 
[Beil. XVIII-583]; note, however, that C with ale. EtaN (1 mole) in s.t. at 100° for 6 hrs. 
gives also <202) <203) 2-hydroxytrimethylene-l,3-5i«- (triethyl-ammonium chloride) [Beil. 
IV-290] together with other prods,] 

[For behavior of C with iNr,J\r-dimethyl-" stenyl ” amine see <204).] 

With heterocyclic tertiary amines, [For study of behavior of C with pyridine see <205) 
<206); with quinoline see <207).] 

Behavior op C with Other Nitrogenous Reactants 

(Note that in the following examples reaction occurs by opening of the oxide ring and 
that elimination of chlorine, if it occurs at all, is effected only in a subsequent ring closure. ) 
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[C (1 mole) with disodium cyanamide (1 mole) in aq. soln. at ord. temp, for 24 hrs. 
presumably first yields the sodium deriv. of iV^-( 7 -chloro-/ 8 -hydroxy-n-propyl)cyaiiamide, 
but this immediately ring-closes giving (S3% yield (208)) 5>(chloromethyl)-2-amino- 
oxazoline, m.p. 142^.] 

C (1 mole) with p-toluenesulfonanilide (1 mole) + a few drops pyridine at 120® reacts 
vigorously giving ( 86 % yield {209}) iV’-( 7 -chloro-/ 3 “hydroxy-w-propyl)-iV-phenyl-p-toluene- 
sulfonamide, m.p. 96-97®; note that this prod, in boilg. ale. on treatment with NaOH 
loses HCl and ring-closes (92% yield <209)) to the corresp. JV-(/ 3 , 7 -epoxy-^propyl)-iV'- 
phenyl-p-toluenesulfonamide, m.p. 77°. 

[C (1 wt. pt.) with phthalimide (1 wt. pt.) at 140-150® for 3 hrs. gives (35% yield on 
phthalimide ( 210 )) cf. < 211 ) < 212 ) iV-( 7 -chloro-i 8 -hydroxy-n-propyl)phthalimide [Beil. 
XXIi-(369)], m.p. 95.0-96.5® <210), 96-97° <213).— Note that N-[ (^, 7 -epoxy )-n-propyl] 
phthalimide (“ phthalimiodoepihydrin ”)> m-P- 93-94® <213), has been prepd. (75% yield 
<213)) from 3-bromo-l, 2-epoxypropane (“ epibromohydrin ” } with K phthalimide, and 
in CHCI 3 with HCl gas or even directly with cone. HCl opens the oxide ring to give <213) 
the above N-(7-chloro-i3-hydroxy-n-propyl)-phthalimide, m.p. 96-97° <213).] 

COLOR REACTION OF C 

Color reaction with pyridine (and pyridine bases). C in MeOH with pyridine and/or 
various “ pyridine bases ” gives specific color reactions; these can be used for detection 
of “ P3rridine bases,’^ e.g., in denatured alcohol and probably vice versa; for detailed study 
see <214). 
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(1903). (130) Boyd, Marie, J. Chem. Soc. 96, 1807-1808 (1909). 
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Poulenc, Brit. 420,978, Dec. 20, 1924; Cent. 1936, 1 2216; [C.A. 29. 3468 (1936)]: French 770.486, 
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(140) Fischer, Baer, Pollock, Nideckor, Helv. Chim. Acta 20, 1214 (1937). 

(141) WiUfang, jBcr. 74, 145-153 (1941). (142) Bersin, Willfang, Ber. 70, 2167-2173 (1937). 
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(1941): Brit. 509,072, Aug. 10, 1939; Cent. 1939, II 4351; C.A. 34, 2862 (1940): French 860,709, 
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J. Am. Chem. Soc. 62, 3170 (1930). (150) Linneweh, Z. phyaiol. Chem. 170, 217 (1928). 

(151) Lespieau, BuU. soc. chim. (3) 83, 462-463 (1905); Compt. rend. 127, 965 (1898), 129, 226 
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(175) J. D. Riedel, A.G., Ger. 183,361, April 10, 1907; Cent. 1907, 1 1607; [C.A. 1, 2336 (1907)]. 

(176) Traube, Lehman, Ber. 34, 1972-1980 (1901). (177) Leuchs, Ber. 44, 1509-1511 (1911). 
(178) Michael, Weiner, J. Am. Chem. Soc. 68, 1000, 1002 (1936); 60, 2012-2013 (1934). (179) 
Traube, Lehman, Ber. 32, 721 (1899). (180) Haller, BuU. aoc. chim. (3) 31, 367-369 (1904); 
(3) 21. 564 (1899). 

(181) Stallmann (to du Pont Co.), U.S. 1,977,253, Oct. 16, 1934; Cent. 1936, I 2603; C.A. 29, 
352 (1935). (182) Stallman (to du Pont Co.), U.S. 1,977,252, Oct. 16, 1934; Cent. 1936, 1 1620; 
C.A. 29, 352 (1935). (183) Fauconnior, Compt. rend. 100, 605 (1888); 107, 250 (1888). ^84) 
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(1931). (190) Lewis (to Parke-Davis Co.), U.S. 1,664,123, March 27, 1928; Cent. 1929, 1 1047; 
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165,676, Jan. 13, 1921; CerU. 1921, II 601-602; C.A. 16, 1535 (1921). French 519,129, June 4, 
1921; Cent. 1921, lY 803; not in C.A, (192) Kiiunyantz, Ber. 90^ 397-399 (1935) : Compt. rend. 
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acod. «ci. (U.R,S.8.) 1935, 1 601-506; Cent, 1986, II 2915; not in C.A. (193) Gerhardt, Ber. 24, 
352-357 (1891). (194) Balbiano, Gazz. chim. ital. 17, 177 (1887); 18, 366-357, 375 (1888); 19, 
128 (1889). {195) Rosanov, J. Russ. Phys.-Ckem, See. 48, 1227 (1916); Cent. 1923, III 1080; 
not in C,A, (196) Drozdov, Cherntzov, J. Gen. Chem. (U.S.S.R.) 4, 969-974 (1934); Cent, 
1986, I 42; C.A, 29, 2148 (1935). (197) Gibson, Harley-Mason, Litherland, Mann, J. Chem, 
Soc, 1942, 172. (198) Eisleb (to I.G.), Ger. 473.219, March 13, 1929; Cent. 1929, II 350; [C.A, 
23, 2987 (1929)]: Brit. 275,622, Sept. 28, 1927; Cent. 1929, II 350; C.A. 22, 2171 (1928). (199) 
Eisleb (to Winthrop Chem. Co.), U.S. 1,845,403, Feb. 16, 1932; Cent. 1932, I 3112; C.A, 26, 
2199 (1932). (200) Ingold, Rothatein, J. Chem. Soc. 1931, 1672-1673. 

(201) M.L.B., Ger. 284,291, May 19, 1915; Cent. 1916, I 110; [C.A. 10, 94 (1916)]. (202) 
Reboul, Compt. rend. 93, 423 (1881). (203) Schniidt, Ann. 337, 116-121 (1904). (204) du Pont 
Co., Brit. 477,981, Feb. 10, 1938; Cent. 1988, II 183, not in C.A. (206) Tronov, Gershevich, 
/. Russ. Phys.-Chem. Soc. 59, 727-739 (1927); Cent. 1928, I 2924; C.A. 22, 3389-3390 (1928). 
(206) Tronov, J. Russ. Phys.-Chem. Soc. 68, 1278-1301 (1926); Cent. 1927, II 1145; C.A. 22, 
2737 (1928). (207) Gina, Gazz. chim. ital. 62, I 349-351 (1922). (208) Fromm, Ann. 442, 133- 
134, 142 (1925). (209) Ohle, Haeseler, Ber. 69, 2325 (1936). (210) Gabriel, Ohle, Ber. 60, 
820-821 (1917). 

(211) Tomita, Z. physiol, Chem. 168, 42-57 (1926). (212) den Otter, Rec. trav. chim. 67, 
18-20 (1938). (213) Weizmann, Malkowa, BuU. soc. chtm. (4) 47, 357-358 (1930); Compt. 
rend. 190, 495-496 (1930). (214) Lohmann, J. prakt, Chem. (2) 163, 57-64 (1939). (215) 
Bachman, Mayhew, J. Org. Chem. 10. 250, 253 (1945). 


3:5360 l,2-DICHLOROBUTENE-2 

(low-boilg. stereoisomer) 


Cl Cl C 4 H 6 CI 2 
CHa— CH=(!! in. 


Beil. S.N. 11 


B.P. 116-118° at 766 mm. <2) = 1.1644 (2) ng* = 1.4643 <2) 

111.6-113.5° at 742 mm. (1> Df = 1.1560 (2) njf = 1.4676 <2) 

Di* = 1.1488 <1) n{? = 1.46613 (1) 

also high-hoilg. stereoisomer (3:5615).] 

[For prepn. of C (together with its stereoisomer (3:5615)) from 1,2,3-trichlorobutane 
(3:6935) with KOH at 150® ( 2 ), or from 2 , 2 -dichlorobutane (3:7415) or 2,3'dichlorobutane 
(3:7615) with ale. KOH (5), see indie, refs.; for formn. of C (together with its stereoisomer 
and also 2,4-dichlorobutene-2 (3:5550)) from 2-ehlorobutenc-2 (3:7105) by actn. of CI 2 
at 350® see (3).] 

C with 1 mole CI 2 + 1.5 moles NaHCOa at 0® gives ( 100 % yield (4)) 1,2,2,3-tetraQhloro- 
butane (3:9078). 

C on hydrolysis by htg. with 2 pts. aq. + 1 mole powdered CaCOs at 70® for 4 hrs. gives 
(1) a mixt. of about equal parts of 2-ehlorobuten-2-ol-l (3:8240) and (by allyhc transposi- 
tion ) 3-ehlorobuten-3-ol-2 (3:9115). 

C on oxidn. with KMn 04 in aeetone gives ( 1 ) ehloroacetic aeid (3:1370) -|- AcOH 
( 1 : 1010 ) + HCl. — C in CCI 4 at — 17® treated with O 3 followed by aq. gives aeetaldehyde 
( 1 : 0100 ). 

3:6860 (1) Tishchenko, J. Gen. Chem. (U.S.S.R.) 7, 658-662 (1937); Cenf. 1937, II 371; C.A. 31, 
6764 (1937). (2) Tishchenko, Churbakov, J. Gen. Chem. (U.S.S.R.) 6, 1553-1658 (1936); 
Cent. 1937, I 3786; C.A. 81, 2165 (1937). (3) N. V. Bataafsche Petroleum Maatschappij, Brit. 
468,016, July 22, 1937; French 810,112, March 16, 1937; Cent. 1937, II 4102. (4) Tishchenko, 
J, Gen. Chem. (U.S.S.R.) 8, 1232-1246 (1938); Cent. 1939, II 4222; C.A. 33, 4190 (1939). (6) 
Tishchenko, Churbakov, J. Gen. Chem. (U.S.S.R.) 7, 663-666 (1937); Cent. 1937, II 371; C.A. 
81, 6764 (1937). 
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3:5372-3:5385 


3:5372 a^-DICHLOROPROPIOI9YL CHLORIDE CaHsOCls 


B.P. 117.4-117.8* at 763 mm. (1) 
110-116* (2) 
68-73* at 88-90 mm. (3) 


CHr 


Cl 

-i- 


-C=:0 


i. k 

= 1.406% (1) 


Beil, n - %61 

Hi- 

ns-( 228 ) 


1.46240 (1) 


Colorless lachrymatory liq. with penetrating odor. 

[For prepn. of C from a,a-dichloropropionic acid (3:6162) with SOCI 2 under reflux for 
10 hrs. (1) or with PCI 3 ( 2 ) see indie, refs.; from pyruvic acid (CHaCO.COOH) (1:1040) 
with PCI 5 see ( 2 ) (4).] 

[For study of rate of reaction of C in dioxane with /3-chloroethanol (3:5552) see (1).] 

C with aq. readily hydrolyzes to a,a-dichloropropionic acid (3:6162) q.v. 

(@ a,a-Dichloropropionamide: Ifts. from dil. ale., m.p. 117-118* (3) (5), 116-117* (2), 
116° (4). [From C with cone. aq. NH4OH (2); for other ways see under a,a-dichloro* 
propionic acid (3:6162).] 

(p a,a-Dichloropropion-N-ethylamide: m.p. 51-52* (3). [From C with EtNH 2 (3).] 

a,cK-Dichloropropionanilide: m.p. 101* (3). [Reported only by indirect means (3).] 

a,a-Dichloropropion-;p-toluidide: m.p. 84r-86® (6). [Reported only by indirect 

means ( 6 ).] 

3:6372 (l) Leimu, Ber. 70, 1046, 1050 (1937). (2) Beckurts, Otto, Ber. 11, 386-391 (1878). 
(3) von Braun, Jostes, Mlinch, Ann. 463, 126, 135 (1927). (4) Klimenko, Ber, 3, 465-468 (1870). 

(5) Otto, Ann. 132, 183 (1864). (6) Bischoff, Walden, Ann. 279, 93 (1894). 


3:5385 a-CHLORO-ISOBUTYRYL CHLORIDE 


C4H6OCI2 


B.P. 117-118* (1) 
113-114° (2) 


Cl 

CH3 — — c==o 

in, ii 


Beil, n - 295 

Hi- 

n2-(263) 


= 1.4369 (1) 


The b.p. of 125-126° given by <3) is incorrect ( 1 ). 

[For prepn. of C from isobutyryl^ chloride (3:7270) with CI 2 (3) (4) (5) or with SO 2 CI 2 + 
dibenzoyl peroxide in CCI 4 (20% C + 80% /S-chloro isomer ( 1 )) see indie, refs.; for prepn. 
of C from a-hydroxyisobutyric acid (1:0431) with SOCI 2 (together with other products) 
see ( 2 ).] 

[For reactn. of C with MeOH yielding methyl a-chloro-isobutyrate (3 : 7918) see (5).] 

C on hydrolysis with aq. yields a-ehloro-isobutyric acid (3:0235) q.v. 

3:6386 (1) Kharasch, Brown, J. Am. Chem. Soc. 62 , 925-929 (1940). (2) Blaise, Montagne, 
Compt. rend. 174 , 1555 (1922). (3) Michael, Garner, Ber. 34 , 4054-4055 (1901). (4) Henry, 

Compt. rend. 142 , 1024 (1906); BvU. acad. roy. Belg. 1906 , 206-226; Cent. 1906 , II 227. (5) du 

Pont Co. & Loder, Brit. 428,223, May 9, 1935; Cent. 1936 , 1 179; C.A. 29 , 6607 (1935). 
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3:5395 1,1,2-TRICHLOROPROPENE-l Cl CsHsCU BeiLI-200 

CHr-i=CCls 

B.P. 118" (1) 

116-117° <2) 1»}J - 1.387 (3) 

116° (3) 

[For prepn. of C from 1,1,1,2-tetrachloropropane (3:6786) in 93% yield by htg. with 
aq. or ale. alk. for 3 hrs. at 96® see (1); for prepn. of C from l,l,2,2>tetrachloropropane 
(3:6826) with alc. KOH or ale. NH4OH see (2) (3).] 

[For use of C as dry eleaner and spot remover (4) or in degreasing of metals (6); for use 
in dewaxing of mineral oils see (6).] 

C with CI2 yields (3) l,l|l,2,3-pentaehloropropane (3:4740), m.p. 179®. 

3:5395 (l) du Pont Co. and Cass, Brit. 469,061, July 19, 1937; Cent 1938, 1 1218; C.A. 32, 596 
(1938). (2) Szenic, Taggesell, Ber. 28, 2668 (1895). (3) Borsche, Fittig, Ann, 133, 117-119 

(1865). (4) Levine (to du Pont Co.). U.S. 2,116,437, May 3, 1938; Cent. 1938, II 796; C.A. 32, 

5233 (1938). (5) Levine (to du Pont Co.), U.S. 2,116,438, May 3, 1938; Cent. 1938, II 947; 

C.A. 32, 4936 (1938). (6) Standard Oil Development Co., French 790,852, Nov. 28, 1936; 
Cent. 1936, 1 2672; C.A. 30, 3323 (1936). 


3:5420 TRICHLOROACETYL CHLORIDE ChC— C =0 C2OCI4 

ii 


B.P. 118® cor. (1>(8) 

117-118® at 760 mm. (2) 

117.9® at 764 mm. (3) 

116.3-118.5® (4) 

116.4® at 756 mm. (6) 

116-117® at 726 mm. (6) 


Beil, n - 210 
ni-( 94) 

n2-(2oo) 

Di® = 1.6202 (3); nf? = 1.4701 (6); 
1.6179 (5) 1.46949 (3) 


[For prepn. of C from triehloroaeetic aeid (3:1150) with PCI3 (1) (7) (8), with PCh -f 
ZnCl2 (25% yield (9)), with SOCI2 (yield: 12% (9), 30% (23)) in CeHe (60% yield (3)) 
or in pyridine (90% yield (10)), with P2O6 -f HCl gas (11), with benzotrichloride (3:6540) 
+ ZnCl2 at 100® (77% yield (12)), with benzoyl chloride (3:6240) (51-56% yield (13)) 
see indie, refs.] 

[For formn. of C from trichloroacetic acid at 300® (together with CO, CO2 + HCl) see 
(14); from acetyl chloride (3:7065) with 3 moles PCls see (11); from hexachloroethane 
(3:4835) with SOs at 150® see (16); from pentachloroethane (3:5880) or a^m.>tetrachloro- 
ethane (3:5750) in ultra-violet light and O2 see (16); from tetrachloroethylene (3:5460) 
with SOs (15), with H2SO4 + HNOs (together with other products) (17), with ozone (18) 
(19), with oxygen in pres, of Br2 or cone. HNOs (20), with oxygen by chlorine sensitized 
photo-oxidation (21) cf. (30) (31), or with oxygen in ultra-violet light (16) see indie, refs.; 
from diethyl ether on protracted chlorination in sunlight, from decachlorodiethyl ether 
(3 : 1676) on distn. see (22), or from distn. of pentachloroethyl trichloroacetate see (22), 
from CCI4 (3:6100) -f AlCls + CO gas at 200® and 250 atm. (37% yield) see (32).] 

[C on htg. (13) or on htg. with AlCls (23) yields carbon tetrachloride (3:6100) -f CO; 
C on htg. at 600® yields (24) carbon tetrachloride (3 : 5100) -f hexachloroet^ne (3 : 4835) -h 
CO + phosgene (3:6000).] 

[C on treatment at —5® with dry HBr gas gives (70% yield (24)) trichloroacetyl bromide, 
b.p. 143®; C similarly treated with dry HI gas gives (71.6% yield (6)) trichloroacetyl iodide, 
b.p. 74r-74.2® at 30 mm. (6).] 
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[C with MeOH should yield readily methyl trichloroacetate (3:6800), b.p. 153.8®; C 
with EtOH yields (1) ethyl trichloroacetate (3:5950), b.p. 168®. (For study of rate of 
reactn. see (2)).] 

[C with pure freshly distilled Aids + CeHe yields (25) (26) triphenylvinyl alcohol 
(o»,co-diphenylacetophenone) (Beil. VII-522, VHi-(291)l, m.p. 137®; with moist Aids -f 
CeHe, however, C giv^ instead (25) (27) (28) co,«,w-trichloroacetophenone (3:6874), 
b.p. 266-257® (25). — _C with Me 2 Zn yields (29) pentamethylethyl alcohol (Beil. 1-418, 
Ii-(207), l2-(447)]. — C with EtMgBr in ether at 10® gives (33) l,l,l-trichlorobutanol-2 
(3:5955).! 

C hydrolyzes readily with aq. yielding trichloroacetic acid (3:1160); for the amide, 
anilide, p-toluidide, and other derivs. corresp. to C see trichloroacetic acid (3:1150). 

3:5420 (1) Gal, BvU. aoc. chim. (2) 20, 11-13 (1873). (2) Branch, Nixon, J. Am. Chem. Soc. 58, 
2499-2504 (1936). (3) Leimu, Ber. 70, 1049 (1937). (4) Cheng, Z. phyaik. Chem. B-20, 296 

(1934). (6) Martin, Partington, J. Chem. Soc. 1030, 162. (6) Gustus, Stevens, J. Am. Chem. 

Soc. 55, 376 (1933). (7) Delacre, BuU. acad. roy. Belg. 1902, 189-202; Cent. 1902, I 1197. (8) 

Thorpe, J. Chem. Soc. 87, .189-190 (1880). (9) Clark, BeU, Trans. Roy. Soc. Can. (3) 27, III 

97-103 (1933). (10) Carr6, Libermann, Compt. rend. 199, 1422-1423 (1934). 

(11) lYiederici, Ber. 11, 1971 (1878). (12) Rabcewicz-Zubkow'ski, Roezniki Chem. 9, 528 
(1929); Cent. 1929, II 2767; C.A. 24. 61 (1930). (13) Brown, J.'Am. Chem. Soc. 60, 1325-1328 
(1938). (14) Engler, Steude, Ber. 26. 1443-1444 (1893). (15) Prud’homme. Compt. rend. 70, 

1138 (1870). (16) Muller, Ehrmann, Ber. 69, 2207-2210 (1936). (17) BQtz, Ber. 35, 1636- 

1636 (1902). (18) Besson, Compt. rend. 118, 1348 (1894); 121, 125 (1895). (19) Swarts, BtUl. 

acad. roy. Belg. (3) 36, 532-552 (1898); Cent. 1898. I 588-589. (20) Consortium fUr Elektro- 
chem. Ind., Gor. 340,872, Sept. 19, 1921; Cent. 1921, IV 1101. 

(21) Dickinson, Carrico, J. Am. Chem. Soc. 56, 1473-1480 (1934). (22) Malaguti, Ann. chim. 
(3) 16, 5-28, 64 (1846). (23) Boeseken, Rec. trav. chim. 29, 100, 112 (1910). (24) Simons, Sloat, 

Meunier, J. Am. Chem. Soc. 61, 435-436 (1939). (25) Biltz, J. prakt. Chem. (2) 142, 196-197 
(1935). (26) Biltz, Ber. 32, 654-656 (1899). (27) Staudinger, Kon, Ann. 384, 112 (1911). 
(28) Gautier, Ann. chim. (6) 14, 398-402 (1888). (29) Bogomolez, Ann. 209, 78-82 (1881). 

(30) Schott, Schumacher, Z. physik. Chem. B-49, 107-125 (1941); Cent. 1941, II 2549; C.A. 38, 
3561 (1944), 

(31) Kirkbride (to Imperial Chem. Ind., Ltd.), U.S. 2,321,823, June 15, 1943; C.A. 37, 6676 
(1943): Brit. 634,732, March 17, 1941; C.A. 36, 1330 (1942): Brit. 646,661, July 20, 1942; C.A. 
37, 4746 (1943). (32) Theobald (to du Pont Co.), U.S. 2,378,048, June 12, 1945; C.A. 39, 4086 

(1946). (33) Jacob, BvU. soc. chim. (5) 7, 581-586 (1940) ; C.A. 36, 3607 (1942). 


3 ; 5426 l-CHLOROPROPANOIIE-2 CHs—C— CHz 
(Chloroacetone; acetonyl ]| i. 

chloride) ^ 


dHgOCl 


Beil. I - 653 

11- (344) 

12- (718) 


B.P. 

119-120® (1) (20) 

119.7® at 760 mm. (2) 
119.5® (3) 

119.3® (4) 

118.8-119.4® (5) 

119® at 760 mm. (6) 
119® at 736 mm. (7) 
118® at 723 mm. (8) 
117-118® (9) 


B.P. (contd.) 

60-62® at 60 mm. (10) 

46® at 46 mm. (3) 

35® at 29 mm. (6) 

20® at 12 mm. (6) 


= 1.183 <189) 

!>?? = 1.170 (11) 

DiJ = 1.164 <12) 

DiS = 1.163 (7) cf. (189) 

Z>il = 1.158 (9) cf. (189) 

i)i® = 1.135 (189) 


C when pure is colorless liq. — C turns dark on exposing to light. — C on long exposure 
to light, acids, or metals resinifies to a dark mass, m.p. above 350°, which fumes in air and 
dis. in fumg. HNO^ but does not react with fumg. H^SO,, NH,0H, or phenylbydraaine 
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nor hydrolyze with 60% KOH (13). — [For stabilization of C by means of addn. of 1% 
CaCOj (14) or 0.1% aq. (16) see indie, refs.] 

C is sol. in 10 pts. aq. (7) but does not form crystn. hydrates with it (9) (for prepn. of 
anhydrous C using CaS 04 see (16)); C is volatile with steam (9); sol. in ale., ether, CHCls. 

C has very pronounced lachrymatory properties; for studies of this property see (17) 
(18). 

C forms azeotropes with several org. liqs. (19); e.g., C with toluene (1:7405) forms a 
const.-boilg. mixt., b.p. 109.2® at 760 mm., contg. 28.5% C; C with isobutyl ale. (1:6165) 
forms a const.-boilg. mixt., b.p. 105.8® at 760 mm., contg. 36% C; C with ethyl w-butyrate 
(1:3127) forms a const.-boilg. mixt., b.p. 117.2® at 760 mm., contg. 53% C; C with isobutyl 
acetate (1:3115) forms a const.-boilg. mixt., b.p. 116.7®, contg. 30% C. 

[For prepn. of C from acetone (1:5400) with CI 2 (188) (9) (20) (21) (22) (23) (24) (25) 
(jrield is F>oor and contaminated with higher chlorination prods, especially 1,1-dichloro- 
propanone-2 (wnsi/m.-dichloroacetone) (3:5430) whose b.p. is very close to that of C); 
with CI 2 in pres, of CaCOa (yield 82% (3)) (26) (27) (28); with CI 2 in vapor-phase clilorina- 
tion (29) (30) (21) in pres, of NiCb (38); by electrolysis in HCl (97% yield (32)) (36) 
using Pt electrodes (with graphite or lead electrodes resultant C is reduced) even using 
alternating current (35% yield (33)) ; with CI 2 O (34); with HOCl (22) (27) (35); with EtOCl 
(3:7022) (1); with iV'-chlorourea in aq. soln. (37); or with SO 2 CI 2 (72% yield (189)) see 
indie, refs.] 

[For prepn. of C from acetone (1 : 5400) with benzenediazonium chloride (solid ) in pres, 
of CaCOs (39) (40), or with aq. solns. of other diazonium chlorides (especially those with 
negative substituents such as those from p-nitroaniline, p-chloroaniline, or 2,4-dichloro- 
aniline) in pres, of CuCla -f- NaOAc (41), see indie, refs.] 

[For prepn. of C from l-chloropropanol-2 (propylene a-chlorohydrin) (3:7747) by 
oxidn. with K 2 Cr 207 + H 2 SO 4 (42) (43) (44) (45), CrOa + dil. 112804 (43), CrOa/AcOH 
(43), HNOa (43) (44) (45), HOCl (42), or Ca(OCl )2 (46) see indie, refs.; from 3-chloro-2- 
methylpropene-1 (methallylchloride) (3:7145) (10), or from l-chloro-2-mcthylbutene-2 
(3:7485) (47), or from l,3-dichloro-2-methyIpropene-l (3:5590) (48), or from 1,4-dichloro- 
2-methylbutene-2 (3:9204) (49) wdth O 3 see indie, refs.] , 

[For prepn. of C from ethyl 7 -chloroacetoacetate (3:6375) (50) or from a-chloroaceto- 
acetanilide (51) by hydrolytic cleavage with HCl see indie, refs.; from 1 ,3-dichloropropene-2 
(3:5280) by soln. in cone. H 2 SO 4 and distn. with aq. see (52); from allyl chloride (3:7035) 
with HgO + HOCl see (53); from 1,2-epoxypropane (propylene oxide) (1 :6115) with CI 2 
at 0® see (54); from diketene + CI 2 in cold followed by treatment with aq. see (55).] 

[For use of C in refining of mineral oils see (56); in prepn. of photosensitizing cyanine 
dyes see (57).] 

Pyrolysis. [C passed through tube at 450® pyrolyzes into acetaldehyde (1:0100), 
acetone (1:5400), crotonaJdehyde (1:0150) -|- HCl (58).] 

Reduction. [C on reduction with Zn -f HCl (7) or on electrolysis in HCl soln. using 
graphite or lead electrodes (32) yields acetone (1 : 5400) ; C on reduction with AlEta etherate 
as directed (59) gives (70% 3 rield) l-chloropropanol-2 (3:7747), b.p. 78r-81° at 80 mm. (59); 

C on phytochemical reduction using yeast (60) gives (25% yield) l-chloropropanol-2 
(3:7747); for polarographic study of oxidn.-reductn. potential of C see (61).] 

Oxidation. C on oxidn. with KMn 04 (49) (62), HNOa, CrOa, etc. (62), yields chloro- 
acetic acid (3:1370) and AcOH (1:1010). — C with moist silver oxide yields (7) glycolic 
acid (1:0430), acetic acid (1:1010), and formic acid (1:1006). 

Halogenation. [C with CI 2 even in cold gives (26) more highly chlorinated acetones; 
e.g., C with CI 2 at 30-40® yields (63) l,l,3-trichloropropanone-2 (3:5967) and 1,1,1-tri- 
chloropropanone-2 (3:5620); C with CI 2 at 50-70® yields (63) cf. (64) si/m.-tetracliloro- 
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acetone (3:6060), i^nfi2/m.-tetrachloroacetone (3:6086), and pentachloroaoetone (3:6206); 
C with CI2 at 60-100° in light <63) (65) or under press. <66) yields hexachloroaoetone 
(3:6312). — Note that C with Ca(OCl)2 undergoes both chlorination and subsequent 
cleavage yielding (46) CHCI3 (3:5050).! 

[C with Br2 (3 moles) at 100° yields (67) 3,3,3-tribromo-l-chloropropanone-2 [Beil. I- 
6581, b.p. 215°; 13.0° at 25 mm.] 

Reactions of the halogen atom of C (see also further below under fonnn. of heterocyclic 
systems). C with excess aq. alkali presumably yields propanone-2-ol-l (acetol) (1:5455) 
and therefore reduces Fehling’s soln.; the halogen atom of C is so reactive that C slowly 
neutralizes 1 equiv. alk. (68); C with NaOEt in abs. ale. yields acetol ethyl ether (ethoxy- 
acetone) [Beil. 1-822, Ii-(418), l2-(867)], b.p. 128° at 760 mm. (for study of rate of reaction 
see (69)). 

[C with phenol (1 : 1420) + anhydrous K2CO3 in acetone stirred 24 hrs. at room temp, 
or refluxed 3 hrs. (70) (note that in pres, of KI yield jumps to 92.5% (191)), or C with 
sodium phenolate in phenol (71) (72) or in toluene (73), gives (yields: 21-23% (70), 16% 
(73)) phenoxyacetone (1:5534), b.p. 117-124° at 19 mm. (70) (note that C 4* phenol + 
aq. NaOH gives only black resin (73)) (for application of this type of reactn. to other 
monohydric phenols such as tctralol-2 (5,6,7,8-tetrahydronaphthol-2) (74) (75) or p-ter- 
butyl)phenol (1:1510) (75) or /3-naphthol (1:1540) (191) sec indie, refs.). — Note that 
C with phenol (3 moles) 4- fumg. HCl at 100° reacts in a dif. sense to give (50% yield (76)) 
a fm-(hydroxyphenyl) propane of undetd. struct.; for formn. of resins from C -f phenol 
see (77) (78).] 

[C with KI in aq. MeOH (79) (80) or in acetone (5) gives (75% yield (80)) iodoacetone 
[Beil. 1-660, Ii-(345), l2-(719)], oil, b.p. 58.4° at 11 mm. (79) (oxime, pr. from pet. eth., 
m.p. 64.5° (79)); for study of rate of this reactn. in acetone at 0° and 10° see (6). — C 
with K2SO3 (or Na2S03) yields {SI) salts of acetonesulfonic acid [Beil. IV-19, IV2-(630)). 
— For study of rate of reactn. of C with aq. Na28203 see (82). — C with Na2S in acetone 
yields (83) (84) 6is-(acetonyl) sulfide, m.p. 49° (83), b.p. 126° at 14 mm. (83), 125° at 18 
mm. (84) (earlier work (85) using ale. as solvent could not be checked (83) (84).)] 

[C with aq. NaSCN .stirred 10 hrs. at 25° (86), or C with Ba(SCN)2 directly (87) or in 
ale. (88) (89) cf. (90), gives (95% yield (86)) thiocyanoacetone (acetonyl thiocyanate) 
[Beil. III-179, IIIi-(72), IIl2-(125)], oil, b.p. 73.5-74.5° at 1 mm. (86), D\l = 1.1892 (86) 
(for use of this prod, as anti-oxidant for rubber (91), as stabilizer for cellulose (92), or as 
1% soln. in petroleum as insecticide (93) see indie, refs.); note that thiocyanacetone, al- 
though insensitive to dil. aq. HCl (87), with HCl gas in cold (86) or cone. HCl on boilg. (89) 
adds 1 mole HCl and ring-closes to 2-cliloro-4-methylthiazole, oil, b.p. 167-167.6° at 754.4 
mm., 69° at 14 mm. (86); note also that thiocyanoacetone with aq. NaHC03 (94) (or C 4- 
aq. KSCN 4- NaHCOs (86)) yields 2-hydroxy-4-methylthiazole (4-methylthiazolone-2) 
(“ a-methylrhodime ") [Beil. XXVII-158, XXVIIi-(264)], ndls. from aq. or ether, m.p. 
105-106° (94), 102-103° (86).] 

[C with Na salts of sulfinic acids gives the corresp. alkyl- (or aryl)sulfonylacetones: e.g., 
C with Na methanesulfinate gives (95) methanesulfonylacetone, m.p. 54° (95) (96); C 
with Na benzensulfinate in ale. gives on refluxing (96%_yield (97)) benzenesulfonylacetone 
[Beil. VI-307, VI 1- (145)], Ifts. from ale., m.p. 67° (97); C with Na p-toluenesulfinate yields 
(97) p-toluenesulfonylacetone [Beil. VI-421, VIi-(210)], m.p. 51° (97) (98); many other 
analogous cases are known.] 

[C with tertiary amines gives the corresp. quaternary ammonium chloride salts: e.g., 
C with dry MesN in abs. ether (99) or abs. ale. (100) (101) yields trimethyl-acetonyl- 
ammonium chloride [Beil. IV-316, IV2-(763)], very hygroscopic white solid; C with pyridine 
gives corresp. salt (for study of rate in abs. ale. at 55.6° see (102)). — C with triphenyl- 



3:5425 


l-€HLOROPROPANONE-2 


684 


phosphine in CeHe at 75-80® for 15 hrs. yields <103) triphenyl-acetonyl-phosphonium 
chloride, m.p. 234® dec. <103). — C with hexamethylenetetramine in CHCls grad. ppts. 
an addn. prod, (poor yield <104)), ndls., m.p. 122® <104).] 

[C with dry NHs may yield <9) a little aminoacetone (acetonylamine) [Beil. lV-314, 
IVi-(450), IV2-(763)], but the reactn. is unsatisfactory and other methods <105) are pre- 
ferred for prepn. of the latter; C (in excess) with aq. soln. (30%) of Me 2 NH yields 
<106) dimethylaminoacetone [Beil. IV-3141, misc. with aq., ale., ether, b.p. 123® <106); 
C (1 mole) with Et 2 NH (2 moles) in ether yields <106) diethylaminoacetone [Beil. IV- 
316], b.p. 155-156® <106). — Many analogous cases are recorded.] _ 

Reactions of C involving the H atoms of its — CH 2 CI grouping. C with salicylaldehyde 
(1:0205) in ale. KOH refluxed for 15 min. <107) <108), or in ale. NaOH refluxed 2 hrs. 
<109), or C + Na salt of salicylaldehyde in dry CeHe under reflux < 110 ), gives (yields: 
60-85% <107), 75% <109), 60% <108)) 2-(acetyl)coumarone ( 2 -acetobenzofuran) [Beil. 
XVII-4138], colorless Ifts. from ale., m.p. 76® <107), 75-76® <109), 74-75® <108) <110) (cor- 
reap, oxime, ndls. from dil. ale., m.p. 150® <111), phenylhydrazone, cryst. from ale., m.p. 
153-154® <107), semicarbazone, ndls. from dil. ale., m.p. 217® <107)). — C with p-dimethyl- 
aminobenzaldehyde in AcOH with HCl gas yields < 112 ) a-chloro-oc-(p-dimethylammo- 
benzal)acetone, yel. Ifts. from ale., m.p. 115® <112) (corresp. phenylhydrazone, m.p. 206- 
208® <112), semicarbazone, m.p. 202-203® <112)), accompanied by a little a-chloro-a,^'- 
W 8 -(p-dimethylaminobenzal)acetone, cr 3 rst. from 1:1 abs. ale. + CeHe, m.p. 225® <112). — 
C) with diazotized aniline in pres, of NaOAc at 0® yields <113) <49) cf. <114) l-(benzeneazo)- 
1 -chloroacetone [Beil. XV-342], yel. ndls. from boilg. ale., m.p. 136-137° <113), 135-136® 
<49). 

Reactions of C involving the keto group. C with satd. aq. NaHSOs soln. yields <51 ) 
a crystn. NaHSOs cpd, cf. <7). 

[C with HCN as directed gives (yields: 94% <119), 87-90% <192)) < 21 ) <115) <116) 
/3-chloro-a-hydroxyisobutyronitrile (chloroacetone cyanohydrin) [Beil. III-317], oil, b.p. 
110® at 22 mm. <117) 108-110® at 20 mm. <192), ia3-104® at 16 mm. <115), Di? = 1.2027 
<117), riD * 1.4520 <192), n© = 1.45362 <117); this prod, on distillation at ord. press, or 
even on stdg. in the air readily dissociates into the original components; on saponification 
with HCl, however, it gives (62% yield <192)) <5) <115) jS-chloro-ot-hydroxyisobutyric 
acid [BeU. III-317, IIIi-(120), IIl2-(224)], ndls. from CeHe, m.p. 110® <118) 109-110® 
<192). — C (1 mole) with aq. KCN (1 mole) gives 43% yield <119) of a cpd., CsHioOsNs, 
m.p. 183°, formerly supposed to be a-aceto-/5-hydroxy-/3-methylglutaro(di)nitrile ‘[Beil. 
III-883] but now <119) regarded as 2,4-dicyano-2,6-dimethyl-5-hydroxytetrahydrofuran 
(for mechanism of its formn. and review of earlier literature see <119)).] 

[C forms acetals or similar cpds.: e.g., C with triethyl orthoformate (1 : 3241) in EtOH + 
a drop of H 2 SO 4 gives (yields: 90% <120), 87% <80)) cf. <190) chloroacetone diethylacetal 
[Beil. 1-654, l2-(718)], b.p. 161-162® u.c. < 120 ) 81-82® at 50 mm. <190), 52-53® at 14 mm. 
<80), Dq^ =* 1.002 <120); for acetals from C with glycerol (1:6540) <121) or pyrocatechol 
(1 : 1520) <122) see indie, refs.] 

[C with phenyl isocyanide -f- AcOH in ether gives <123) a-acetoxy-zS-chloroisobutyranilide; 
C with phenyl isocyanide + BzOH in ether gives <123) a-benzoyloxy-/3-chloro-isobutyranil- 
ide.] 

[C with RMgX cpds. (1 mole) in ether in general reacts normally with the ketonic group 
to give addn. prods, which with aq. yields the corresp. tertiary ales.: e.g., C with MeMgBr 
gives (38% yield <124)) <125) l-chloro-2-methylpropanol-2 (o-isobutylene chlorohydrin) 
(3:7752) (accompanied as a result of reactn. of a second MeMgBr and rearr. <126) <127) 
by some 2*methylbutanol-2 (1:6160)); for corresp. reactn. of 0 with EtMgBr yielding 
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l-chloro-2-methylbutanol-2 (3 ; 8175) see' (128); for corresp. reactn. of C with n-^HyMgBr, 
7 i-C 4 H 9 MgBr, iso-CUloMgBr, iso-CsHnMgBr, Ti-CeHisMgBr, and w-CrHiBMgBr see (129); 
for corresp. reactn. of C with ter-butylethynyl MgBr (130), with n-amylethynyl MgBr 
(131), or with ethynyl W 8 -(MgBr) (132) see indie, refs. — C with CeHsMgBr yields (133) 
l-chloro-2-phenylpropanol-2 [Beil. VI^71; note, however, that if the initial addn. cpd. 
is htd. at 130-140*’ prior to hydrolysis rearr. occurs and the prod, then (134) is phenylacetone 
(1:5118). — For reactn. of C with o-xenyl Mgl see (70).] 

[C with abs. diazomethane (free from MeOH) in dry ether yields (135) l-chloro-2-methyl- 
2,iepoxybutane, b.p. 124® (135).] 

Condensation reactions of C (usually yielding heterocyclic compounds). [C with acetal- 
dehyde ( 1 : 0100 ) - 1 “ NH 4 OH in pres, of Cu(OAc )2 gives (49% yield (136)) 2,4- (or 5)- 
dimethylimidazole [Beil. XXIII-79, XXIIIi-(25)], b.p. 266® at 733 mm., m.p. 92® (136) 
(fi.HCl, m.p. 205, B.PkOH, m.p. 142-143® (136)).] 

[C with methyl acetoacetate (1:1705) -f NH 4 OH at — 1 ® gives (16% yield (137)) 3- 
carbomethoxy-2,5-dimethylpyiTole [Beil. XXII-29], cryst. from ale., m.p. 119.5®; C with 
ethyl acetoacetate (1:1710) + excess cone. aq. NH 4 OH (138) (140) or in ether with NHs 
gas (139) gives (yields: 44% (139), 20% (138)) 3-carbethoxy-2,5-dimethylpyrrole [Beil 
XXII-29, XXIIi-(496)], m.p. 116-117® (138) (other by-prods, also being formed (139)); 
C with ethyl acetoacetate (1 : 1710) -f prim, amines similarly gives JV-substituted analogs; 
e.g., use of aq. MeNH 2 gives (141) 3-carbethoxy-l,2,5-trimethylpyrrole [Beil. XXII-29, 
XXIIi- (496)1, m.p. 48® (141); use of aniline gives (139) (141) 3-carbethoxy-2,5-dimethyl-l 
phenylpyrrole [Beil. XXII-30, XXIIi-(496)], m.p. 43®, b.p. 226® at 40 mm.; for corresp. 
use of p-toluidine see (141).] 

[C with ethyl oxaloacetate [Beil. III-780, IIIi-(273), IIl 2 -( 479 )] in ether treated with 
NH 3 gas yiel^ (139) 4-carbethoxy-6,6-dihydroxy-2(or 3)-methylpyridine [Beil. XXII- 
259], m.p. 223® (139) (much oxamide and other by-prods, also being formed).] 

[6 with diethyl acetonedicarboxylate (1:1772) in ether (142) (143) (139) or CeHe (144) 
with dry NH 3 gas gives (yields: 49% (143), 38% (142)) ethyl (3-carbethoxy-4-methyl- 
furyl-2)acetate [Beil. XVIII-333], oil, b.p. 168® at 20 mm. (139).] 

[C htd. with amides yields corresp. oxazoles: e.g., C with acetamide htd. 8-10 hrs. at 
120 ® under reflux gives (7% yield (145)) (146) 2,4-dimethyloxazole [Beil. XXVII-17], 
liq. with odor like pyridine, very sol. aq., b.p. 108® (145) (146); C with benzamide 4 - 
powdered CaC 03 at 115-120® for 8 hrs. gives (15% yield (147)) (148) 2-phenyl-4-methyl- 
oxazole [Befl. XXVII-581, b.p. 238-241® (148), 92-95® at 5 mm. (147) (B.HCl, m.p. 72®, 
B.PkOH, m.p. Ill® (147)); for corresp. reactn. of C uith m-nitrobenzamide see (147).] 

[C with thioamides yields corresp. thiazoles: e.g., C with thioformamide in abs. ale. 
refluxed for 1 hr. (149) or C with formamide + P 2 S 5 (150) gives (35-47% yield (149)) 
4-methylthiazole [l^il. XXVII-16], b.p. 131® (160), 130® (149), 70-71® at 59 mm. (151) 
(B.PkOH, m.p. 181® (151); B.Etl, m.p. 144.5® (149)); 0 with thioacetamide without solvent 

(152) (153) in aq. or ale. (152) (149) or C with acetamide + P 2 S 5 (150) yields 2,4-dimethyl- 
thiazole [BeU. XXVII-18], b.p. 144r-145.5® cor. at 719 mm. (152), 143-144® at 762 mm. 

(153) , 143® (150) (154), Df * 1.0562 (B.PkOH, m.p. 137-138® (152), B.Etl, m.p. 212 ® 
dec. (149)); C with thiobenzamide in ale. gives (155) (147) 4-methyl-2-phenylthiazole 
[Beil. XXVII- 68 ], m.p. 29.5® (156), b.p. 282® at 762 mm. (156), 275-277® at 750 mm. (147), 
111® at 6 mm. (147); many other analogous cases are recorded.] 

[C with aq. thiourea (157) (158) (159) or 0 with NH 4 SCN (160) (161) or C with NH 4 SCN 
4 - NH 4 OH (162) ( 86 ) gives (70-75% yield (157)) 2-amino-4-methylthiazole [Beil. XXVII- 
159], m.p. 44-45® (157), 42® (159), b.p. 231-232® si. dec. (162), 130-133® at 18 mm. (157), 
117-120® at 8 mm. (157); C with AT-methylthiouiea gives (163) (164) (158) 2-(methyl- 
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ainino)*4-methyl-thiazole [Beil. XXVII-159], pr. from ale., m.p. 71.5-72.5® cor. (163), 
64® (164) (B.HCl, m.p. 228® cor. (163)); C with phenylthiourea gives (158) (164) 2>(anilin6)- 
4-methylthiazole [Beil. XXVII-1591, ndls. from ale., m.p. 117-118® (164), 115® (158).] 

[C with 0-methyl thiocarbamate on warming gives (89) 2-methoxy-4-methylthiazole, 
b.p. 59-60® at 18 mm. (89) (S.HCl, m.p. 78°; B.HgCl2, m.p. 123-124® (89)) (accompanied 
by its dimer); C with 0-ethyl thiocarbamate + KOAc yields (89) 2-ethoxy-4-ethylthiazole, 
b.p. 71-72® at 15 mm. (89).] 

[C with solid ammonium dithiocarbamate in abs. ale. stood at room temp, for 12 hrs. 
then refluxed 1 hr. gives (85% yield (151)) 2-mcrcapto-4-methylthiazole [Beil. XXVII- 
161], cryst. from isopropyl ether/alc. or dil. ale., m.p. 811-90° (165), 88.0-88.5® (151); 
note that in ether these reactants yield (166) an intermediate AS-acetonyl dithiocarbamate, 
m.p. 80-82® (166), which on stdg. changes to the above 2-mcrcapto-4-methyl-thiazole; for 
use of the latter (or its metal salts) tis vulcanization accelerators see (167).] 

[C with l-phenylthiosemicarbazide in abs. ale. rciadily dis. at room temp, yielding on 
addn. of pyridine (168) 2-(phenylhydrazino)4-methylthiazole, m.p. 179° (acetyl deriv., 
m.p. 179® (168)); for analogous reactions of C with the three l-(tolyl)thiosemicarbazides 
(169), the three l-(nitrophenyl)thiosemicarbazides (170), st'e indie, refs.] 

[C with acetone thiosemicarbazone in CHCI3 gives on warming (171) the corresp. deriv. 
of 4 methylthiazolone 2, viz., 2-keto-4-methyl-2,:3-dihydrothiazolc-2-isopropyhdenehydra- 
zone; for analogous reactn. of C with acetophenone thiosemicarbazone and benzaldehyde 
thiosemicarbazone see (171).] 

(g) Color reactn. with KOH: C with excess very cone. aq. KOH gives crimson red 
color (5) (22). 

Acetonyl acetate (acetol acetate) (acetoxyacetone) (Beil. 11-166, IIi-(72), II2- 

(168)1: b.p. 174-175° at 760 mm. (172), 137-138° at 230 mm. (172), /)f = 1.0749, 
ni> = 1.4150 (Beil.). [From C + KOAc in MeOH (173) or abs. EtOH (172) after 
2 hrs. reflux (82% yield (173)).] 

Acetonyl benzoate (acetol benzoate) (benzoyloxyacetone) [Beil. lX-148]: m.p. 

23.5-24° (174), 25° (175); b.p. 188-190° at 60 mm. (176). [From O with KOBz on 
htg. together (54% yield (176)) or in ale. soln. (174).] 

® l-(/3-Naphthoxy)acetone (acetonyl ^-naphthyl ether): cryst. from ale., m.p. 78.4® 
cor. (177), 78° (178), 69-73° (191)^ 69-72° (70). [From 6 -F Na /8-naphtholate on 
htg. in /3-naphthol (178) or from C + j8-naphthol (1:1540) 4- dry K2CO3 refluxed 
in acetone (21% yield (70)) (note that by addn. of KI yield jumjis to 85% (191)).] 

® l-(JV-phthalimido) acetone (^-acetonylphthalimide) [Beil. XXI-477, XXIi-(371)]: 
Ifts or ndls. from aq., m.p. 124° (105). [From C -{- K phthalimido at 120° for 20 min. 
(179) or refluxed 1 hr. in xylene (67% yield (180)).] 

® l-(iV-3-nitrophthalimido) acetone (^- (acetonyl )-3-nitrophthalimide: ndls. from 

ale., m.p. 152-153° (181). [From C with K 3-nitrophthalimide on htg. (181).] 

® Methylglyoxal dioxime (methylglyoxime) [Beil. 1-764, Ii-(396), l2-(822)]: pr. from 
ale., m.p. 156® (182). [From C with aq. soln. contg. NH2OH.IICI (3 moles) + Na^COs 
(2 moles) followed by acidification and ether extraction (182); note .that by careful 
regulation of conditions chloroacetone oxime has been obtd. (82% yield (183)), but 
since it is an oil, b.p. 171® at 727 mm. with slight decompn., it has no value as a ® 
for C.] 

® l-(/3-Phenylhydrazino) acetone phenylhydrazone [Beil. XV-412]: yel. cryst. from 
MeOH, m.p. 162.5® (184). [From C with phenylhydrazine (3 moles) in abs. ale. at 
-16 to -18® (184).l 

® Chloroacetone o-nitrophenylhydrazone: m.p. 83® (135). 



687 


LIQUIDS WITH > 115 


3:5425 


Chloroacetone 2,4-dmitrophenylliydrazone: yel. ndls. from ale., m.p. 124.6-125.5'’ 
(185) (51), 124® (39). [From C (0.5 g.) with 2,4-dimtrophenylhydrazine (1.0 g.) in 
ale. (12 ml.) + eonc. HCl (1.5 g.) under reflux (185); note that this prod, on protraeted 
(13 hrs.) boilg. in ale. disproportionates yielding (185) C H- 2,4-dinitrophenylhydrazine 
(both sol. hot ale.) accompanied by the spar. sol. methylglyoxal>5is-(2,4-dinitrophenyl)- 
osazone, cryst. from pyridine, m.p. 298® (185); for various other reactans. see (1^).] 

(g) Chloroacetone semicarbazone: m.p. 147-148® dec. (39), 141-142® (47), 136-137® 
(48), 165® (50), 163-165® (44). [From C with aq. semicarbazide HCl on addn. of 
solid NaHCOs at room temp. (186); note that this prod, is reactive and on boilg. 
with aq. dissolves to a bright yel. soln. which soon becomes colorless and ppts. hydrazine 
dicarboxylic acid diamide leaving in the filtrate hydroxypropanone semicarbazone, 
m.p. abt. 192® dec. (186); these changes (which doubtless occur slowly even on stand- 
ing in water at room temp.) probably account for the divergent values of m.p. reported 
above.] 

(g Condensation prod. (C 17 H 20 O 4 N 3 SCI) of C with iV-methyl-/3-carbohydrazidopyri- 
dinium p-toluenesulfonate: cryst. from 1:1 aJc./ether, m.p. 135® cor. (187). [From 
C + indicated react, in abs. ale. on refluxing 15 min. (187).] 

3:5425 (1) Goldschmidt, Endreu. Dirsch, Ber, 58, 576 (1925). (2) Lecat, Rec. trav. chim. 45, 
245 (1927). ( 3 ) Justoni, Chimica e indiistria (Italy) 24, 89-94 (1942); Cent. 1943, I 383. (4) 
Cheng, Z. physik. Chem. B-26, 296 (1934). (5) Conant, Kirner, Hussey, J. Am. Chem. Soc. 47, 

497 (1925). (6) Herbst, KoUoidchem. Beihefte 23, 330-331 (1927). (7) Linnemann, Ann. 134, 

170-175 (1865). (8) Mohler, Helv. Chim. Acta 21, 69 (1938). (9) Cloez, Ann. ch%m. (6) 9. 

156’ 161 (1880). (10) Jacob, Bull. hoc. chim. (5) 7, 581-586 (1940) , C.A. 36, 3508 (1942). 

( 11 ) Harkins, Claik, Roberts, J. Am. Chem. Soc. 42, 703 (1920) (12) Dobrosserdow, J. 

Ril 88. Phys.^Chem. Soc. 43, 129 (1911); Cent. 1911, I 955. (13) Giua, Kacciu, Atti accad. sd. 

Torino, Classe sci. fis. mat. nat. 67, 409-412 (1932); Cent 1933, I 3919; C.A. 27, 5719 (1933). 
(14) Rahrs (to Eastinun Kodak Co.), U.S. 2,263,010, Nov. IS, 1940; C.A. 36, 1331 (1942). (15) 
Morey (to Commerical Solvents Corp), U.S. 2,229,625, Jan. 21, 1941; C.A. 35, 2904 (1941). 
(16) Wallis, Falck (to I.G.), Ger. 584,776, Oct. 1, 1934; Cent. 1935, 1 156. (17) Bertrand, Compl. 

rend. 171, 965-967 (1920); Cent. 1921, I 779. (18) Diifrais&e, Boiigrand, Compt. rend. 172, 

817-819 (1920); Cent. 1921, I 1006. (19) Lecat, Ann. soc. sci. Bruxelles, 4<, 21-27 (1927); Cent. 

1927, II 226, (20) Glutz, Fischer, J. prakt. Chem. (2) 4, 52-53 (1871). 

(21) Bischoff, Bcr. 5, 863-867, 963-964 (1872). (22) Mulder, Ber. 5, 1009-1010 (1872). 
(23) Bischoff, Ber. 8, 1330 (1875). (24) Barbagha, Ber. 7, 467 469 (1874). (25) Tcherniac, 

Ber. 25, 2629-2632 (1892). (26) Fritsch, Ber, 26, 597-598 (1893); Ann. 279, 310-319 (1894). 

(27) Kling, Bull. soc. chim. (3) 33, 322-324 (1905); chim. (8) 5, 474-^80 (1905). (28) Ger. 

69,039, April 19, 1893, Friedlandcr 3, 9. (29) Justom, Chimica e industna (Italy) 24, 195-201 

(1942); Cent. 1943, I 1659. (30) I.G., French 813,131, May 26, 1937; Cent. 1937, II 2071. 

(31) Rahi'S (to Eastman Kodak Co.), U.S. 2,235,562, March 18, 1941; C.A. 35, 4040 (1941). 
(32) Szper, Bull. soc. chim. (4) 51, 653-654 (1932). (33) Shipley, Rogers, Can. J. Research 17-B 

147-158 (1939); Cent. 1939, II 3056; C.A. 33, 6727 (1939). (34) Goldschmidt, SchUssler, Ber. 

58, 567 (1925). (35) Richard, Compt. rend. 133, 878 (1901). (36) Riche, Ann. 112, 321-324 

(1859). (37) Behai, Detoeuf, Compt. rend. 153, 1229 (1911). (38) Akashi, BuU, Inst. Phys.- 

Chem, Research {Tokyo) 12, 329-340 (1933); Cent. 1933, I 3066; C.A. 27, 3447 (1933). (39) 
Waters, J. Chem. Soc. 1937, 2011-2012. (40) Waters, Nature 140, 466-167 (1937). 

(41) Meerwein, Bilchner, van Emster, J. prakt. Chem. (2) 152, 248-251 (1939). (42) Markown- 

ikoff, Ann. 153, 254-255 (1870). (43) Morley, Green, J. Chem. Soc. 47, 133 (1885); Ber. 18, 

24-25 (1885). (44) Michael, J. prakt. Chem. (2) 60, 455-157 (1899); Ber. 39, 2787 (1906). 

(45) Henry, Reef trav. chim. 22, 337-338 (1903) ; Bull. acad. roy. Belg. 1903, 397-131; Cent. 1903, 
II 486. (46) Ssuknewitsch, Tschilingarjan, Ber. 69, 1539 (1936). (47) Gutner. Tishchenko, 

J. Gen. Chem. (U.S.S R.) 8, 1062-1067 (1938); Cent. 1939, II 4221. (48) Tishchenko, J. Gen. 

Chem. {U.S.S.R.) 8, 1232-1246 (1938) ; Cent. 1939, II 4223. (49) Jones, WiUiams, J. Chem. Soc. 

1934, 834. (50) Hamel, Bull. soc. chim. (4) 29, 399 (1921). 

(51) Bulow. King, Ann. 439, 213 (1924). (52) Henry, Ber. 5, 190-191, 966 (1872). (53) 
Linnemann, Ann. 138, 123-125 (1866). (54) Dobryanskii, Davydova, Papkina, J. Gen. Chem. 

{U.S.S.R.) 7, 291-297 (1937) ; Cent. 1937, II 1998; C.A. 31, 4645 (1937). (55) Boese (to Carbide 

and Carbon Chem. Corp.), U.S. 2,209,683, July 30, 1940; C.A. 35, 139 (1941). (56) Ferris 



3:54!35 


l-CHLOROPROPANONE-2 


(to Atlantic Refining Co.), U.S. 2,062,872. Dec. 1. 1936; Cent, 1987, 1 3678; C,A, 81, 849 (1937). 
(67) Kodak, Ltd., Brit. 406,028, Feb. 22, 1934; French 767,767, Jan. 4, 1934; Cent. 1984, II 1260. 
(58) Nef, Ann. 385, 278 (1904). (59) Meerwein, Hinz, Majert, Sonke, J. prakt. Chem. (2) 147, 

236 (1936) . (60) Sen, J. Indian Chem. Soc. 1, 7 (1926) . 

(61) Winkel, Proske, Ber. 69, 700 (1936). (62) N. V. de Bataafsche Petroleum Maatschappij, 

French 797,943, May 6, 1936; Cent. 1936, II 865; C.A. 30, 7124 (1936). (63) I.G., French 
816,956, Aug. 21, 1937; Cent. 1938, I 2216. (64) Edwards, Evans, Watson, J. Chem. Soc. 1987, 
1944-1945. (65) Heisel, Hendschel (to I.G.), U.S. 2,199,934, May 7, 1940; C.A. 34, 5855 (1940). 
(66) I.G., French 837,741, Fob. 20, 1939; Cent. 1939, II 228. (67) Cloez, Ann. chim. (6) 9, 207- 

209 (1886). (68) Astruc, Munro, Compt. rend. 131, 944 (1900). (69) Hedelius, Z. physth. Chem. 

96, 366-368, 364-366 (1920). (70) Bradsher, Teas, J. Am. Chem. Soc. 61, 2184-2185 (1939). 

(71) Stoermer, Ber. 28, 1253-1254 (1895); Ann. 312, 273 (1900). (72) Stoermer, Wehln, 
Ber. 35, 3553, Note (1902). (73) Whitney, Henze, J. Am. Chem. Soc. 60, 1149 (1938). (74) 

Thoms, Kross, Arch. Pharm. 265, 342-^43 (1927). (75) Sabetay, BuU. soc. chim. (4) 45, 534- 

537 (1929). (76) Lippmann, Ber. 45, 2489-2491 (1912). (77) Dachlauer, Thomsen (to I.G.), 

Ger. 463,430, Dec. 7, 1937; French 612,035, Oct. 15, 1926; Cent. 1928, 1 2456. (78) I.G., French 
666,086, Sept. 26, 1929; Cent. 1930, II 1146. (79) Scholl, Matthaiopoulos, Ber. 29, 1558 (1896). 
(80) Evlampiev, Ber. 62. 2387-2388 (1929). 

(81) Mazak, Suazko, Roczmki Chem. 9, 431-443 (1929); Cent. 1929, II 1918; C.A. 23, 4187 
(1929). (82) Slator, Twiss, J. Chem. Soc. 95, 96 (1909). (83) Bohme, Pfeifer, Schneider, Ber. 
75, 903-904, 908 (1942). (84) van Zuydewijn, Boesekon, Rec. trav. chim. 53, 673-674 (1934). 

(85) Matthaiopoulus, Zaganjaris, J. prakt. Chem. (2) 123, 333-335 (1930). (86) Tcherniac, 
J. Chem. Soc. 115, 1071-1076 (1919). (87) Tcherniac, Ber. 25, 2623-2628 (1892). (88) HeUon, 

Tcherniac, Ber. 16, 348-350 (1883). (89) Hantzsch, Ber. 60, 2541-2543 (1927); Ber. 61, 1780, 

1784 (1928). (90) Tcherniac, Ber. 61, 576-577 (1928). 

(91) Cadwell, Meuser (to Naugatuck Chem. Co.). U.S. 1,839,950, Jan. 5, 1932; Cent. 1932, 
I 3356. (92) du Pont Co., Brit. 466,877, July 8, 1937; Cent. 1937, II 3108. (93) Heckert (to 
R5hm and Haas Co.), U.S. 1,808,893, June 9, 1931; Cent. 1932, I 123. (94) Tcherniac, Ber. 
25, 3648-3652 (1892). (95) Corvie, Gibson, J. Chem. Soc. 1934, 48. (96) Bohme, Fischer, 
Ber. 76, 99-106 (1943); C.A. 37, 5026 (1943). (97) R. Otto, W. Otto, J. prakt. Chem. (2) 36, 
402-405, 426 (1887). (98) Arndt, Martius, Ann. 499, 280 (1932). (99) Niemilowicz, Monatsh. 
7, 242-249 (1886). (100) Furn5e, Arch. Pharm. 236, 343- 340 (1898). 

(101) Brabant, Arch, intern, pharmacodynamie 25, 295-320 (1920) ; Cent. 1921, III 124. (102) 

Clarke, J. Chem. Soc. 97, 427 (1910). (103) Mel’nikov, Kretov, Mel’tser, J. Gen. Chem. {U.S.S.R.) 

7, 461-463 (1937); Cent. 1937, II 1564; C.A. 31, 4289 (1937). (104) Mannich, Hahn, Ber. 44, 
1552 (1911). (105) Gabriel. Pinkus, Ber. 26, 2197-2202 (1893). (106) Stoermer, Dzimski, 

Ber. 28, 2220-2227 (1895). (107) Stoermer, Chydenius, Schinn, Ber. 67, 74-75 (1924). (108) 

Shriner, Anderson, J. Am. Chem. Soc. 61, 2706 (1939). (109) Stoermer, Schaffer, Ber. 36, 

2864-2865 (1903). (110) Stoermer, Ber. 36, 1711-1712 (1897). 

(Ill) Stoermer, Calov, Ber. 34, 775 (1901). (112) Bauer, Werner, Ber. 55, 2498 (1922). 

(113) Favrel, BvU. soc. chim. (4) 41, 1494-1497 (1927). (114) Favrel, BiUl. soc. chim. (5) 1, 
981-990 (1934). (115) Fourneau, Bull, soc. chim. (4) 6, 229-231 (1909). (116) Poulenc Fr5res 

et Fourneau, Ger. 198,306, May 12, 1908; Cent. 1968, 1 1956. (117) Ult5e, Ber. 39, 1858 (1906); 
Rec. trav. chim. 28, 17-19 (1909). (118) Fourneau, Tiffeneau, Bull. soc. chim. (4) 16, 24 G914). 
(119) Justoni, Gasz. chim. Ual. 71, 41-53 (1941); C.A. 36, 1016-1017 (1942). (120) Arbusow, 
Ber. 46, 3304 (1907); J. Russ. Phys.-Chem. Soc. 46, 637-652 (1908); Cent. 1968, II 1340. 

(121) Evlampiev, J. Gen. Chem. iU.S.S.R.) 7, 2941-2944 (1937); Cent. 1939, I 1747; C.A. 32, 
6377 (1938). (122) Druey, BuU. soc. chim. (5) 2, 2261-2264 (1935). (123) Passerini, Gass, 
chim. ital. 54, 532-533, 536-537 (1924). (124) Dersin, Ber. 54, 3158-3159 (1921). (125) Henry, 
Compt. rend. 142, 131, 494, Note (1906) ; BvU. acad. roy. Belg. 1966, 523-557; Cent. 1966, II 1551; 
Rec. trav. chim. 26, 149 (1907). (126) Henry, Compt. rend. 145, 24 (1907). (127) Fourneau, 

Tiffeneau, Compt. rend. 145, 438 (1907). (128) Seyer, Chalmers, Trans. Roy. Soc. Can. (3) III 26, 
337-341 (1926); Cent. 1927, II 1811. (129) Fourneau, Samdahl, BvU. soc. chim. (4) 47, 1005- 
1010 (1930). (130) Favorskii, Tikhomolov, Compt. rend. 263, 726-727 (1936); Cent. 1937, I 
677; C.A. 31, 6188 (1937). 

(131) Tiffeneau, Deux, Compt. rend. 213, 753-758 (1941); Cent. 1942, II 1557; C.A. 37, 4049 
(1943). (132) Zaboev, J. Gen. Chem. (U.8.S.R.) 1, 143-149 (1931); Cent. 1931, II 1122; C.A. 
25, 4525 (1931). (133) Tiffeneau, Compt. rend. 134, 775 (1902); Ann. chim. (8) 16, 176-179 
(1907). (134) Tiffeneau, Compt. rend. 137, 990 (1^3); Ann. chim. (8) 16, 367-368 (1907). 
(136) Arndt, Amende, Ender, Monatsh. 59, 206-207, 213 (1932). (136) Weidenhagen, Herr- 
mann, Ber. 68, 1960-1961 (1935). (137) Korschun, Ber. 87, 2196-2197 (1904). (138) Hantzsch, 



3:5426-^:5430 


689 LIQUIDS WITH > 1.16 

Ber. 25, 1474-1476 (1890). (139) Feist, Ber. 35, 1539-1S52 (1902). (140) KQster, Willig, Z. 

physiol. Chem. 121, 144-145 (1922); CctU. 1922, III 1087. 

U4l) Fischer, Smeykal, Ber. 50, 2372-2374 (1923). (142) Reichstein, Zschokke, Hdv. Chim. 

Acta 14, 1271-1272 (1931). (143) Feist, Molz, Ber. 32, 1766-1769 (1899). (144) Rinkes, Rec, 

trav. chim. 50, 1127-1129 (1931). (145) Oesterreieh, Ber. 30, 2255 (1897). (146) Schuftan, 

Ber. 28, 3070-3072 (1895). (147) Fnedman, Sparks, Adams, J. Am. Chem. Soc. 59, 2262-2263 

(1937). (148) Lewy, Ber. 21, 2193-2194 (1888). (149) Clarke, Gurin, J. Am. Chem. Soc. 57, 

1879 (1935). (150) Hromatka (to E. Merck), Ger. 670,131, Jan. 12, 1939; Cent. 1939, I 2296. 

(151) Buchman, Reims, Sargent, J. Org. Chem. 0, 767-768 (1941). (152) Hantzsch, Ann. 

250, 266-268 (1888). (153) Dyson, Hunter, Jones, Styles, J. Indian Chem. Soc. 8, 176-177 
(1931). (154) von Auwers, Ernst, Z. phyaik. Chem. A-122, 232, 246 (1926). (155) Hubacher, 

Ann. 259, 236 (1890) . (156) Mills, Smith, J. Chem. Soc. 121, 2736 (1922) . (157) Byers, Dickey. 

Org. Syntheses, Coll. Vol. 2 (1st ed.), 31-32 (1943); 19, 10-11 (1939). (158) Traumann, Ann. 
249, 37-38, 43-45, 47 (1888). (159) Bogert, ChertofT, J. Am. Chem. Soc. 46, 2866 (1924). (160) 

Hantzsch, Traumann, Ber. 21, 938-939 (18^). 

(161) Hantzsch, Weber, Ber. 20, 3121 (1887). (162) Tscherniac, Norton, Ber. 16, 346-347 
(1883). (163) Burtles, Pyman, Roylance, J. Chem. Soc. 127, 589 (1925). (164) Young, Crookes. 

/. Chem. Soc. 89. 64, 68 (1906). (165) Miolati, Gazz chim. itoL. 23, I 578-579 (1893). (166) 

Levi, Gazz. chim. ital. 61, 721-722 (1931) ; Cent. 1932. 1 1097; C.A. 26, 1602 (1932). (167) Bruni, 

Romani, Atti accad. Lined (5) 31. I 86-88 (1922); Cent. 1922, III 676; C.A. 16, 4093 (1922). 
(168) Bose, J. Indian Chem. Soc. 4, 336 (1927). (169) Bose, Sen, J. Indian Chem. Soc. 5, 650,663, 
655 (1928). (170) Das-Gupta, Bose, J. Indian Chem. Soc. 6, 499, 501-502, 604. 

(171) McLean, Wilson, J. Chem. Soc. 1937, 556-559. (172) Perkin, /. Chem. Soc. 59, 788- 
789 (1891). (173) Madelung, Oberwegner, Ber. 65, 940 (1932). (174) Breuer, Zincke, Ber. 18, 

639 0680). (175) Van Romburgh, Rec. trav. chim. 1, 53-54 (1882). (176) Kling, Ann. chim. 

(8) 5, 484-485 (1905). (177) Calaway, Henze, J. Am. Chem. Soc. 61, 1356 (1939). (178) 
Stoermer, Ann. 312, 311-312 (1900). (179) Goedeckemeyer, Ber. 21, 2684 (1888), (180) 
Gabriel, Colman, Ber. 35, 3806 (1902). 

(181) Sah, Ma, Ber. 65, 1630-1633 (1932). (182) Hantzsch, Wild, Ann. 290, 292 (1896). 
(183) Scholl, Matthaiopoulos, Ber, 29, 1562-1654 (1896). (184) Bodforss, Ber. 52, 1770-1771, 
1775 (1919). (185) Bulow, Seidel, Ann. 439, 48-58 (1924). (186) Hoogeveen, Jansen, Rec. 
trav. chim. 51, 260-264 (1932). (187) Allen, Gates, J. Org. Chem. 6, 596-601 (1941). (188) 

Shilor, Kubinskaye, J. Applied Chem. (U.S.S.R.) 13, 121-126 (1945); C.A. 39, 5260 (1946). 
(189) Buchman, Sargent, J. Am. Chem. Soc. 67, 401-402 (1945). (190) Morey (to Commenced 

Solvents Corp.), U.S. 2,374,494, April 25, 1945; C.A. 39, 3545 (1945). 

(191) Hurd, Perletz, J. Am. Chem. Soc. 68, 38-39 (1946), (192) Hurd, Rector, J. Org. Chem, 

10, 443 (1945). 


3 ; 6430 l,l-DICHLOROPROPANONE-2 

(a,a-Dichloroacetone; C 

wnsj/m.-dichloroacetone ; 
dichloromethyl methyl ketone) 

B.P. 120-121® (1) (25) 

120® (2) (10) (11) (14) 

119.8-120® (3) 

119-120® (7) 

116-116® (4) 

Colorless oil which rapidly turns yellow on expos, to light; spar. sol. aq.; eas. sol. ale., 
ether. — C has penetrating odor, is lachrymatory, and blisters skin. — Note that b.p. of 
C is very close to that of chloroacetone (3:6425) and that the latter is a frequent impurity 
in ord. samples of C. 

[For prepn. of C from acetone (1:5400) with CI 2 under various conds. see (2) (5) (7) 
(8) (9) (1); from acetone at b.p. with CI 2 in pres, of I 2 , FeCU, or SbCls (yield: 48.6% 0 
accompanied by 28% «yw.-dicUoroacetone (3:0563) (12)) or at 70® in pres, of NiClz (13) 


C 3 H 4 OCI 2 


::h 8— c— CHCI 2 


= 1.236 (5) 
d!? = 1.236 (6) 
DL® = 1.234 (1) 


Beil. I - 654 
Ii-(344) 
^-(718) 
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(other prods, are also formed) or by electrolysis in HCl <9) see indie, refs.; from ethyl 
c<,a-dichloroacetoacetate [Beil. III-663, ini-(233), IIl2-(427)] by ketonic cleavage with 
dil. HCl in s.t. at 170-180® for 4-6 hrs. (14) or by refluxing 4-5 hrs. with HCl (15) cf. (4) 
see indie, refs.; for formn. of C from isopropyl ale. (1:6135) with CI 2 see (16); from methyl- 
acetylene with HOCl (42% yield) see (17); from l,l-dichloro-2-methylpropene-2 (3:74^) 
with 0| see (18); from homoaspartic acid [Beil. IV-494, IVi-(541), IV2-(912)] by oxidn. 
with sodium iV^-chloro-p-toluenesulfonamide see (19).:]! 

[C on reduction with Al(OEt)3 + anhydrous acetaldehyde in dry ether gives (45% 
yield (20)) l,l-dichloropropanol-2 (3:5755), b.p. 146-148°. — C on reduction by yeast 
gives (54% yield (21)) levorotatory l,l-dichloropropanol-2.I 

C on oxidn. with cone. HNO3, Cr03, or KMn04 yields (22) dichloroacetic acid (3:6208). 

[C with Br2 (1 mole) (1) yields 3-bromo-l,l-dichloropropanone-2 [Beil. 1-657], b.p. 111° 
at 25 mm. (1); C with excess Br2 at 100° yields (1) 3,3-dibromo-l,l-dichloropropanone-2 
[Beil. 1-658], b.p. 120° at 25 mm. (1); for study of rate of bromination of C and influence 
of catalysts thereon see (4).] 

[C with PCU htd. at b.p. of mixt. for 2 days yields (2) 1,1,2,2-tetrachloropropane (3 : 5825), 
b.p. 153°.] 

[C with aq. in s.t. at 200° for 6 hrs. yields (23) lactic acid (1:0400). — C with aq. alk. 
yields (presumably via cleavage of the expected methylglyoxal) acetic acid (1 : 1010) and 
formic acid (1:1005); by virtue of this result C readily reduces Fehling*s soln. (24). — 
C with aq. 10% K2CO3 on boilg. loses HCl yielding (25) acrylic acid (1 : 1020).] 

C with satd. aq. NaHSOs soln. readily yields (1) (5) an addn. prod, crystg. as a trihydrate. 

[C with cone. aq. HCN slowly dis. on protracted refluxing yielding (10) the corresp. 
cyanohydrin ()3,/3-dichloro-cK-hydroxy-isobutyronitrile) [Beil. III-318], an oil, which on 
htg. dissociates into its components; this prod., however, on hydrolysis with strong HCl 
yields (10) the corresp. acid, /3,j8-dichloro-a-hydroxyisobutyric acid (3:2145), pr. from 
alc./ether or cryst. from CoHg, m.p. 82-83° (10) (26). — Note also that C with phenyliso- 
cyanide + aq. on stdg. yields (26) /3,^-dichloro-a-hydroxy-isobutyranilide, pr. from CHCI3, 
m.p. 132-133° (26).] 

[C in excess McOH (5 moles) with ethyl iminoformate hydrochloride (134 moles) 4-8 
days at room temp, yields (27) un5i/m,-dichloroacetone dimethylacetal, b.p. 170-171° at 
767 mm., 63° at 9 mm. — C in excess EtOH with ethyl iminoformate as above yields (27) 
Mn«yw.-dichloroacetone diethylacetal, b.p. 183-184° at 767 mm., 76° at 8 mm.] 

[C with o-mtrobenzaldehyde in ale. treated dropwise with aq. 5% NaOH condenses 
3rielding (28) w,tij-dichloro-o-nitrobenzalacetone, pptd. as oil by addn. of aq., colorless pr. 
from CsHe, m.p. 106-107° (28). — By similar procedure C with m-nitrobenzaldehyde gives 
(28) a),a)-dichloro-m-nitrobenzalacetone, colorless pr. from CeHe, m.p. 116-117°; C with 
p-nitrobenzaldehyde similarly gives (30% yield (28)) w,co-dichloro-2>-nitrobenzalacetone, 
colorless pr. from CeHe or ether, m.p. 125°.] 

[C with diazotized aniline in pres, of NaOAc yields (29) dichloro-6is-(benzeneazo)- 
methane, yel.-or. cryst. from hot ale., m.p. 81-82°; C with diazotized p-toluidine in pres, 
of NaOAc yields (29) dichloro-5i5-(p-tolueneazo)methanc, or. cryst. from CeHe, m.p. 
15%-160°.] 

C (1 mole) treated with aq. soln. of excess NH2OH.HCI (6 moles) + Na2COs (3 moles), 
stood 24 hrs., and acidified yields (15) methylglyoxal dioxime (methylglyoximc) [Beil. 
1-764, Ii-(396), l2-(822)], pr. from ale. or aq., m.p. 157°, 153° (15) (30); the same prod, 
also results if a satd. soln. hydroxylamine sulfate is used (30) in place of free hydroxylamine. 

C (1 g.) in abs. ale. (20 g.) with phenylhydrazine (2.5 g.) stood for I34 days, then warmed 
with aq. (100 ml.), yields (31) as insol. residue (1 g.) methylglyoxal Ws- (phenyl )osazone 
[BeU. XV.156, XVi.(38)], yel ndls. from dil. ale., m.p. 148° (31). 
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® 14-Dichloropropanone-2 semicarbazone: m.p. 163° (32). [From C in ale. with 
aq. semicarbazide.HCl (1 mole) without addn. of NaOAc, the semicarbazone pptg. 
immediately; note, however, that on stdg. the filtrate ppts. a small amt. of methyl- 
glyoxal 6M-semicarbazone, m.p. 254°, also formed (together with equiv. C) on boilg. 
the semicarbazone with aq. (32).] 

3:6430 (l) Clo^z, Ann. chim. (6) 9, 164-166, 175-176, 211-213 (1886). (2) Borsche, Fittig, 

Ann. 133, 112-117, 124 (1865). (3) Cheng. Z. physik. Chem. B-36, 296 (1934). (4) Bell, Lid- 

well, Proc. Roy. Soc. London, A-176, 104- 106 (1940). (5) Fittig, Ann. 110, 38-43 (1869). (6) 

Harkins, Clark, Roberts, J. Am. Chem. Soc. 42, 703 (1920). (7) Glutz, Fischer, J. prakt. Chem. 
(2) 4, 53 (1871). (8) Mulder, Bcr 6, 1007-1009 (1872). (9) Theegarten, Ber. 0, 897-898 (1873). 

(10) Bischoff, Ber. 8, 1330-1336 (1876). 

(11) Grabowski, Ber. 8, 1438-1442 (1875). (12) Consortium fur Elektrochem. Ind., French 

707,852, July 16, 1931; Cent. 1931, II 2056. (13) Akashi, BuU. Inst. Phys.-Chem. Research 

(Tokyo) 12, 329-340 (1933); Cent. 1933, I 3066; C.A. 27, 3447 (1933). (14) Conrad, Ann. 180, 
235-236 (1877). (15) Meyer, Janny, Ber. 15, 1165-1166 (1882). (16) Buc (to Standard Oil 

Co.), U.S. 1,391,757, Sept. 27. 1921; CerU. 1922, IV 942. (17) Wittorf, J. Russ. Phys.-Chem. 

Soc 32, 88-117 (1900); Cent. 1900, II 29-30. (18) Tishchenko, J. Gen. Chem. (U.S.S.R.) 8, 
1232-1236 (1938); Cent. 1939, II 4223. (19) Dakin, Biochem. J. 11, 91 (1917). (20) Nord, 
Ger. 434,728, Oct. 5, 1926; Cent. 1926, II 2845. 

(21) Sen, Indian Chem. Soc. 1, 1-8 (1924/25); Cent. 1925, I 537; C.A. 19, 816 (1925); Bio- 
chem. Z. 161, 51-53 (1924) ; Cent. 1924, II 2272; C.A. 19, 3277 (1925). (22) N. V. de Bataafsche 

Petroleum Mattschappij, French 797,943, May 6, 1936; Cent. 1936, II 865. (23) Linnemann, 

Zotta, Ann. 169, 248-251 (1871). (24) Khmont, Chem. Ztg. 69, 521 (1922). (25) Faworsky, 

J. prakt. Chem. (2) 61, 555-557 (1895). (26) Pas&erini, Gazz. chim. tial. 64, 540 (1924). (27) 

Wohl, Ber. 41, 3605-3606 (1908). (28) Heller. Lauth, Buchwaldt, Ber. 56, 485-^86 (1922). 

(29) Favrel, Bull. soc. chim. (5) 1, 988-989 (1934). (30) Treadwell, Westenberger, Ber. 16, 

2786-2787 (1882). 

(31) Heller, Ann. 376, 287-288 (1910). (32) Knopfer, Monatsh. 32, 765-766 (1911). 


3:5450 1,3-DICHLOROPROPANE CICH2.OH2.CH2CI CsHeCL BeU. I - 105 
(Trimethylene (di)chlonde) Ii-( 34) 

l2-( 73) 


B.P. 


F.P. 


120.5-120,6° 

(1) (2) (3) (4) 

-99.5°<8) Df = 

= 1.1770(11) 

120.4° 

at 760 mm. (5) 




(6) (7) 


. 1.1896(13) 

120.3-120.5° 

at 760 mm. (8) 



120.2° 

at 750 mm. (28) 



119.2° 

at 740 mm. (9) 



119° 

at 740 mm. (10) 




= 1.4362 (12) 

ni? = 1.452 (9) 

1.44867 (28) 


Colorless oil. — Note that b.p. of 125° given in I.C.T. is too high (4). ■— Almost insol. 
in aq. [for precise data see (1) (2) (3) (4)]. 

[For prepn. from propanediol-1,3 (trimethylene glycol) (1:6490) with fumg. HCl in 
s.t. at 100° (13) (10) (20-25% yield (14)) but always accompanied by 3-chloropropanol-l 
(trimcthylene chlorohydrin) (3:8285) see indie, refs.; with PCI3 + ZnCL (21% yield (15)), 
or PCU + ZnCl2 (31% yield (15)), or SOCI2 (50% yield (15)) see (15); for prepn. of C from 
1,3-dibromopropane (trimethylene dibromide) + HgCh (8) (10) or 1,3-diiodopropane + 
AgCl (16) see indie, refs.: for prepn. of C from v-chloropropyl p-toluenesulfonate with 
various RMgX cpds. see (12); for formn. of C (19.3% (7) together with other products) 
by chlorination of propane (17) (18) (19) or w-propyl chloride (3:7040) (17) (18) see indie, 
refs.) 

[C with Zn dust in aq. ale. (20) (21) or better in a high-boilg. solvent (7) (22) yields 
cyclopropane, b.p. —34°.] 
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DIVISION B, SECTION 1 


C with ale. KOH yields allyl chloride (3:7035), b.p. 46®, which then reacts with the 
KO£t yielding (10) allyl ethyl ether (1 : 7860), b.p. 6^7® at 742 mm. 

O 1,8-Diphenozypropane (1:7170) q.v.: Ifts. from ale., m.p._61° (23), 60-61® (24), 
69-60® (26); b.p. 338-340® cor. at 762 mm. (26). [From C (26) (or trimethylene 
dibromide (24) or trimethylene diiodide (25)) with sodium phenolate.] 

(0 l,8-Di-(a-naphthoxy)propane [Beil. VI-6071: ndls. from ale., m.p. 103-104® (27). 

(9 l,8-Di-(/3-naphthoxy)propane [Beil. VI-642]: Ifta. from AcOH, m.p. 148-149® (27). 

8:6450 (1) Gross, Saylor, Gorman, J. Am. Chem. Soe. 55, 651 (1933). (2) Gross, Physik. Z. 38, 
689 (1931). (3) Gross, Z. physik. Chem. B-6, 215-220 (1929). (4) Gross, J. Am. Chem. Soc. 
51, 2362-2366 (1929). (6) Hass, J. Chem. Education, 13, 493 (1936). (6) Hass, McBee, Weber, 

Jnd. Eng. Chem. 28, 338 (1936). (7) Hass, McBee, Hmds, Gluesenhamp, Ind. Eng. Chem. 28, 

1178-1181 (1936). (8) Serwy, Bull. soc. chim. Belg. 42, 485, 488 (1933). (9) Kohlrausch, 

Ypsilanti, Z. physik. Chem. B-32, 414 (1936). (10) Reboul, Ann. chim. (5) 14, 460-462, 493 
(1878). 

(11) Dunstan, Hilditch, Thole, J. Chem. Soc. 103, 137 (1913). (12) Rossander, Marvel, 

J, Am. Chem. Soc. 0, 1491-1496 (1928). (13) Freund, Monatsh. 2, 638-639 (1881). (14) 

Rojahn, Ber. 54, 3116 (1921). (15) Clark, Streight, Trans. Roy. Soc. Can. (3) 23, III 77-89, 

(1929). (16) Herzfelder, Ber. 26, 2434 (1893). (17) Hass, McBee (to Purdue Research Founda- 
tion), Canadian 374,242, June 7, 1938; Cent. 1938, II 3005; C.A. 32, 5856 (1938). (18) Hass, 

McBee (to Purdue Research Foundation), U.S. 2,105,733, Jan. 18, 1938; Cent. 1938, I 4533. 
(19) Haas, McBee (to Purdue Research Foundation), U.S. 2,004,073, June 4, 1935; Cent, 1930, 
I 1600. (20) Lott, Christiansen, Schackell, J. Am. Pharm. Assoc. 27, 125-120 (1938). 

(21) Lott (to E. R. Squibb and Sons), U.S. 2,261,168, Nov. 4, 1941; C.A. 36, 1049 (1942). 
(22) Hass, Hinds (to Purdue Research Foundation), U.S. 2,098,239, Nov. 9, 1937; Cent. 1938, 
I 4237. (23) Lohmann, Ber. 24, 2632 (1891). (24) Ramart-Lucas, Hoch, Bull. soc. chim. (4) 
51, 837 (1932). (25) Bell, Bennett, Hock, J. Chem. Soc. 1927, 1807. (26) Henry, BuU. soc. 
chim. (3) 16, 1224 (1896). (27) Gattermann, Ann. 367, 378-380 (1907). (28) Smyth, Mc- 
Alpine, J. Am. Chem. Soc. 67, 979 (1935). 


3:5460 TETRACHLOROETHYLENE 
(Perchloroethylene) 


B.P. 

121 . 20 ° 

121 . 1 ® 


at 760 mm. 
at 760 mm. 
(3) 

at 765 mm. 
at 760 mm. 


121 ® 

121 ® 

121 ® 

120.8® at 760 mm. 
120.74® 

120.6-120.8® at 770 mm. 
119.5-120.5® at 747 mm. 

119.0- 120.0® U.C. 
119-120® at 763 mm. 
118-120,6® 

118.5® at 751 mm. 

118.0- 118.1® at 740 mm. 

33.2® at 30 mm. 

See also Note 1. 


F.P. 

(1) -23.6® 

(2) -23® 

(4) 

(5) -22.36® 

( 6 ) 

(7) -22.4® 

(8) -19® 

(9) 

( 10 ) 

( 20 ) 

< 11 ) 

( 12 ) 

(13) 

(14) 

(15) 

(14) 


Cl— C=C— Cl C2CI4 

<16) = 1.61463 <1) n|? 

<17) 

(1) = 1.6330 (1.3) nl? 

<8) 1.623 (6) 

(18) 1.62286(1) 

(19) 1.6226 (20) 

1.6207 (2) 


Z)l* 


1.63109 (1) nil 
1.6239 (14) 


DL*-* = 1.6232 (21) 
See also Note 2. 


„12 6 


Beil. I - 187 

11- ( 79) 

12- (161) 

1.4993 (22) 


1.5058 (13) 
1.50566 (2) 
1.50547 (20) 


1.50812 (1) 
1.50831 (1) 
1.50899 (1) 


1.5087 (21) 


Note 1. For vap. press, of C from 33-118® see (14). Note 2. For D 4 over range i * 
15-00® see (14). 
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Colorless liq. widely used as solvent, etc. (see also below). — C is pract. insol. aq., but 
detailed studies do not appear to be recorded. — C is miscible with ale., ether, CHCls, 
CeHe, and many other org. solvents. 


GENERAL 

[For study of C as solvent for detn. of mol. wts. by raising of b.p. (ebuUioscopic const. =* 
65.0® per mole solute/ 100 g. C) see (23). — For study of thermal conductivity see (24). — 
For soly. in C of gaseous HCl, H2S, or NH3 see (11). — For study of influence of C upon 
inflammability of mixts. of air with CH4 (25) (10) (26) (27), with CO (10) (28), with H2 
(10), or acetylene (10) see indie, refs.] 

Binary systems contg. C. [System C + CC/4.* for f.p./compn. data see (18); for tid/ 
compn. and use in anal, of the system see (22); for vap. press, and liq. /vapor compn. 
of system see (29). — System G 4- ltlf^,^-tetrachlcro€thane (3:5750): for f.p. /compn. 
data see (17). — System C + pentdchloroethane (3:5880): for f.p./compn. data (eutectic, 
f.p. —54.8® contg. 58.4 wt. % C) see (18). — System C + isopropyl ale. (1 :6135); for Z^f/ 
compn. and nl? /compn. data see (30).l 

C forms binary azeotropes with many alcohols [e.g., G with MeOH (1 : 6120) forms a 
const.-boilg. mixt., b.p. 63.75® at 760 mm., contg. 36.5 wt. % C (3); G with EtOH (1:6130) 
forms a const.-boilg. mixt., b.p. 76.75® at 760 mm., contg. 37 wt. % C (3); G wUh nrpropyl 
ale. (1:6150) forms a const.-boilg. mixt., b.p. 94.05® at 760 mm., contg. 52 wt. % C (31); 
G with isopropyl ale. (1:6135) forms a const.-boilg. mixt., b.p. 81.7® at 760 mm., contg. 
30 wt. % C (31); G with n-hutyl ok. (1:6180) forms a const.-boilg. mixt., b.p. 108.95® at 
760 mm., contg. 71 wt. % C (3); (? with isoamyl ale. (1:6200)' forms a const.-boilg. mixt., 
b.p. 116.1® at 760 mm., contg. ^ wt. % C (31); G with ethylene glyeol (1:6465) forma a 
const.-boilg. mixt., b.p. 119.1® at 760 mm., contg. 94 wt. % C]. 

C forms binary azeotropes with many other org. cpds. [e.g., G with formie add (1 : 1005) 
forms a const.-boilg. mixt., b.p. 88.15® at 760 mm., contg. 50 wt. % 6 (32); C vnth AcOH 
(1:1010) forms a const.-boilg. mixt., b.p. 107.35® at 760 mm., contg. 61.5 wt. % C (218); 
G with propionic add (1 : 1025) forms a const.-boilg. mixt., b.p. 119.15® at 760 mm., contg. 
91.5 wt. % C (4); with isobutyrie add (1:1030) forms a const.-boilg. mixt., b.p. 120.5®, 
contg. 97 wt. % C (33)]. 

Uses of C. C because of its solvent properties, b.p., uninflammability, and immiscibility 
with aq., etc., finds wide use. — [Other examples of its utility include the following: for 
use as dry-cleaning solvent see (34), cf. (35) (36) (222); for use with lower aliph. ales, as 
solv. for cellulose ethers see (37); for use in dewaxing of lubricating oil see (38); for use in 
liq. HCN to diminish inflammability and explosiveness see (39); for use as a component 
of comml. tear-gas mixts. see (40).] 

[For study of use of C as an anesthetic (41), as fumigation agt. (with CCI4) for grain or 
flour (42), for sterilization of surgical catgut (43), of antiseptic action (compared with 
CHCls (44)) (45) see indie, refs.] 

[For examples of studies of use of C as anthelmintic especially with reference to hook- 
worm and similar parasites see (46)-(57) inch; for comparison of anthelmintic action of 
C with that of CCI4 (68) (59) or of chenopodium oil (60) see indie, refs.; for patent prepn. 
of C for use as anthelmintic see (61).] (For toxicity see below.) 

[For use of C as the ** booster ” liquid in detn. of aq. by distn. especially in molasses 
and other sugar industry products see (62) (63) (64) (65) (66) (67). — For use of C in 
prepn. of anhydrous Na202 by removal of moisture by distn. see (68).] 

[For brief general surveys of C see (69) (70).] 

Physiological actn. and/or toxicity of C. [For studies from various viewpoints on 
toxicity of C see (57), (71)-(82) incl., also especially (219) (220) (224).l 
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Determinatioii of C. C is usually detd. by some form of decn. followed by volumetric 
or gravimetric detn. of resultant chloride ion [e.g., for methods involving decn. of C with 
Na •+• AmOH in xylene (83) (84), with Na ethanolamine in dioxane soln. (85) (223), 
or with Na in liq. NHs (86) (note that some cyanide formn. occurs) see indie, refs.; for 
methods involving thermal decn. see (87) (215)]. 

[For detn. of C by means of a recording ultra-violet photometer (the R. + H. Tri-Per 
Analyzer) see (88).] 

PREPARATION OF C 

From various polychloroethanes or polychloroethylenes. [For prepn. of C from hexa- 
chloroethane (3:4835) by pyrolysis at 565° (89-94% conversion (89)), by passing over 
porcelain chips in hot tube (90) (note that CCU (3:5100) is also formed), or by passing 
with H2 over Ni at 270° (91 ) see indie, refs.; for prepn. of C from hexachloroethane (3 : 4835) 
by treatment with granulated Zn in boilg. ale. (7), with Zn dil. H2SO4 at room temp, 
for several days (100% yield (5)) (92) (116), or even with Zn -f- aq- above 80° (93), with 
ale. KSH (94), with molecular Ag at 280° in s.t. (95), with SbFs at 300-325° under press. 
(96), with acetylene over activated carbon at 200-400° (97) cf. (123), with aniline at 170° 
at ord. press. (7), with N/IO abs. EtOH/NaOH at 25° (216), or with ale. free NaOEt in 
ether under press, at 140° (217) see indie, refs.] 

[For prepn. of C from pentachloroethane (3:5880) by elimination of 1 HCl in various 
ways: e.g., by passing over bone char at 280° (98), or over N1CI2 at 330° (99), by htg. with 
Aids at 70-100° (100% yield (101)) (100) or under reflux (102), with liq. NH3 at -18 to 
—34° under reduced press. tl03) (104), with MeOH over AI2O3 at 290° (MeCl (3:7005) is 
also formed) (105), with acetylene over cat. at 200-300° (vinyl chloride (3:7010) is also 
formed) (106), with ale. KOH (107) (108), or in ale. with 2 N aq. NaOH in cold (98% yield) 
(109) see indie, refs.] 

[For prepn. of C from 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (3:5750) (see 
also below under prepn. of C from acetylene) on pyrolysis at 700° (110), with air over 
pumice -f CuCk at 430-450° (111), or with CI2 over activated carbon contg. 30% CuCl2 
at 300-320° (112) see indie, refs.] 

[For prepn. of C from 1,2-dichloroethane (ethylene dichloridc) (3:5130) with CI2 over 
cat. at 300-500° see (113); from ethane or its chloro derivs. with CI2 + fused metal chlorides 
such as AICI3, etc., at 250-500° see (114).] 

[For formn. of C from trichloroethylene (3:5170) on pyrolysis at 700° (110) or with 
anhyd. FeCls on htg. see (115).] 

From various polychloromethanes. [For prepn. of C from CCU (3:5100) through 
tube at 1300-1400° see (116) (117); for formn. of C (together with other prods.) from 
ecu -I- H2 through hot tube over pumice at low red heat (118) or through tube at 600- 
650° (119), or in dark electric discharge (120), see indie, refs. — Note also that C has been 
found (121) as a by-prod, of prepn. of CCU (3:5100) by actn. of CU on CS2.I 

[For formn. of C from CHCI3 (3:5050) -f H2 in dark electric discharge see (120).] 

From acetylene with CI2 (see also above under prepn. of C from 1,1,2,2-tetrachloroethane 
(acetylene tetrachloride)). [For prepn. of C from acetylene with CI2 + inert gas over cat. 
at 250-400° see (122) (123) (124) (125); from acetylene with CI2 at 700-900° in absence 
of extraneous substances (126); from acetylene with CI2 see (127) (128); from acetylene 
with CI2 in halogenated solv. at 175-260° + AICI3, etc., see (129).] 

From miscellaneous sources. [For prepn. of C from CO + HCl over cat. at 230-240° 
under high press. (CHCI3 is also formed) see (130); from uwsj/m.-heptachloropropane 
(3:0200) by dissociation into C 4- CHCI3 over CU2CI2 at 250° see (131); from chloral 
(3:5210) by long boilg. with AICI3 see (132) cf. (133) (134); from tetrachloroethyl chloro- 
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formate with AICI 3 see <135); from trichloroacetic acid (3:1150) over ThOz -I- kaolin at 
230-260® see <136); from pentachloropropionic acid (3:4895) on htg. in aq. <137), or from 
its ferric salt in light <139) cf. <140), or from pentachloropropionyl chloride (3:0470) with 
AlCla (1 mole) at 60® <138) see indie, refs.] 

PURIFICATION OF C 

Comml. C conts. some impurity which readily chlorinates (16); note also that C, es- 
pecially if exposed to light and air, may contain phosgene (3:5000), trichloroacetyl chloride 
(3:6420), trichloroacetic acid (3*1150), and other prods.; cf. below under oxidation of C. — 
[For purification of C by treatment with CI 2 followed by illumination <15), by treatment 
with aq. alk. at elev. temp, (for removal of 1 , 1 ,2-trichloroethane (3:5330) or 1, 1,1,2- 
tetrachloroethane (3:5555)) <141), by refluxing with finely divided metals 4* dil. acid 
(142) or with 1% A1 or AICI3 <143), or by passing vapor over kaolin at 250® <144), see 
indie, refs.] 

STABILIZATION OF C 

To increase the resistance of C to photooxidation (see below) and other changes, the 
addition of very small amts, of various stabilizers has been recommended. — [For example, 
for study of control of jihotooxidation of C by use of inhibitors such as thymol (1:1430), 
ether, alcohol, thiourea, etc., see (145). — For stabilization of C by addn. of small amts, 
of paraffin hydrocarbons (e.g., gasoline) <146), various phenols (such as hydroquinone 
monomethyl or monobenzyl ether) (147), oil-sol. uzo dyes contg. phenolic groups (148), 
mercaptans (such as n-butyl mercaptan) (149), various org. tertiary amines such as tri- 
ethylamine (150) or picoline (151), various phenols, aminos, and aminophenols (152), or 
a wide variety of org. N cjids. (221) see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

I^yrolysis. [C on pyrolysis over heated Pt wire gives (153) (154) hexachloroethane 
(3:4835) + hexachlorobcnzene (3:4939) + CI 2 .] 

Hydrogenation. [Note that C does not add H 2 even in pres, of Ni at 300-350® (99); 
C with excess H 2 over Ni at 220° dec. (163) to carbon + HCl.j 

Oxidation. C can be oxidized especially in the presence of light and moisture giving 
according to conditions trichloroacetyl chloride (3:5420), phosgene (3:5000), trichloro- 
acetic acid (3:1150), or various mixtures of these prods.; for inhibition of this oxidation 
see above under stabilization of C 

[I’or extensive studies of photochem. oxidn. of C giving 87% trichloroacetyl chloride 
accompanied by phosgene see (15) (155) (156); for oxidn. of C on stdg. with aq. in light 
for 4 months yielding trichloroacetic acid sec (157) cf. (158); for oxidn. of C to trichloro- 
acctyl chloride with Os (159) (160), with jieracctic acid (acetyl hydrogen peroxide) (161), 
with cone. HNO3 + cone. H2SO4 in freezing mixt. (162), wdthjSOs at 150° (164), or with 
N 2 O 6 (194) see indie, refs.; for patents on photochem. oxidn. of C to trichloroacetyl chloride 
(3:5420) see (165) (166).] 

[C on oxidn. with K 2 Cr 207 /H 2 S 04 is completely converted to CO 2 + H 2 O -h HCl (167); 
C passed with air over CuO at 450® gives only traces (168) of phosgene.] 

Reaction with halogens. [C dislvd. in dichlorodifluoromethane (“ Freon ”) with F 2 at 
—80® (169), or C writh F 2 at 0° directly (170) but not in CCU soln. (169) cf. (172), or C in 
vapor phase at 130® with F 2 diluted wdth N 2 (171), gives (20% yield (171)) 1,2-difluoro- 
1,1,2,2-tetrachloroethane, m.p. 26.5° (96) (169), accompanied by various other prods, 
such as fluoropentachloroethane, m.p. 99.0-99.6° (in s.t.), b.p. 136-138° (170), and 1,4- 
difluoro-octachlorobutane (170) (169), m.p. 4-5® (170), b.p. 152.2® at 20 mm., - 1 . 9272 , 
nf? = 1.6266 (170).) 
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iC with dry 02 in direct sunlight (90), or C in CCU at 22® (173) or in vapor phase at 
40® and low press. (156) in light and absence of €>21 or C with SO 2 CI 2 in pres, of dibenzoyl 
peroxide (174) adds CI 2 yielding hexachloroethane (3:4835) q.v.; note, however, that C -f 
CI 2 •+* light in pres, of O2 undergoes photooxidation to trichloroacetyl chloride (see above 
under oxidation of C). — C with CI 2 at 700-800® (175), or C with CI 2 over act. carbon at 
6(X)-660® (176), undergoes cleavage of C — C bond yielding CCI 4 (3:6100); for study of 
this reactn. see (177).] 

[C with Br2 in sunlight adds 1 mole Br2 yielding (178) (179) (110) 1,2-dibromo-l, 1,2,2- 
tetrachloroethane, m.p. 197.6® dec. (in s. cap. tube) (180), 200-205® dec. (110), 190® dec. 
(138). — Note, however, that this photochem. addn. is inhibited by its reactn. prod. 
(181), that, although accelerated by small amts. O2, pres, of largo amts. O2 lead to a halogen 
catalyzed photooxidation (181), that in CCI 4 soln. resultant equilibrium mixt. conts. 
only 30% addn. prod. (182). — For extensive study of this reactn. see (181); for studies 
of its rate see (183) (184); for extensive study of photochem. dissoc. of prod, see (179). — 
For study of reactn. of C with radio-bromine see (185).] 

[C does not add I2. — For soly. of I2 in C see (186); for use of such solns. in detn. of 
iodine number of unaatd. oils and fats see (187) (188).] 

Behavior of C with other inorganic materials. [C with CI2O in CCI4 at —20® gives (189) 
hexachloroethane (3:4835).] 

iC with NO2 in s.t. at 100-120® for 3 hrs. (190), or at 100-110® for 3 hrs. (5), or at 80® 
for 3 hrs. or 60® for 6 hrs. (191), or at 10-12 atm. press, at 60-80° for 3-6 hrs. (191), or C 
with fumg. HNO3 at ord. temp, stood several days (6) cf. (192), adds 2 moles NO2 yielding 
l,2-dmitro-l,l,2,2-tetfachloroethane [Bed. 1-102, Ii-(33)], cryst. from ale., m.p. 142-143° 
(a. cap. tube) (5).] 

(C with nitryl chloride (CINO 2 ) yields (193) l-nitro-l,l,2,2,2-pentachloroethane, Ifts. 
from ale., m.p. 192® (s. cap. tube) (193).] 

(C with N2O6 undergoes vigorous oxidn. (presumably to trichloroacetyl chloride) (194).] 

[C with NH3 at 700-800® splits off all its halogen as NH4CI (195) cf. (196).] 

[For behavior of C with various common metals see (197); note that C is not attacked 
by molecular Ag even at 300® (95); note that C with Na or K or their mixture may (like 
many other polychloro compds.) explode under certain conditions (for an extensive study 
see (198)).] 

Behavior of C with organic reactants. [C (1 mole) with CHCI3 (2 moles) + Aids 
(0.2 mole) refluxed 16-20 hrs. gives (85-93% yield (199)) (101) (16) (200) (201) (202) (214) 
unsym.-heptachloropropane (3 : 0200) ; for study of equilibrium of system C -f CHCI3 -j- 
iins^.-heptachloropropane see (131).] 

IC with 1,1,2,3,3-pentachloropropene-l (3:6075) -f AICI 3 gives (201) cf. (214) 1, 1,3, 4,5,- 
5,6,6,6-nonachloropentene-l .] 

[C with NaOEt at 100-120® yields (203) ethyl dichloroacetate (3:5850) Na diethoxy- 
acetate 4- other prods., presumably via ethyl a,/3,^-trichlorovinyl ether, a,a-dichloro-/9,/3- 
diethoxyethylene, triethyl dichloroorthoacetate, etc., cf. (204).] 

{C (1 mole) with NaSCoHs (2 moles) in ale., refluxed 48 hrs., gives (yield not stated 
(205)) a,/8-<lichloro-a,j8-6M-(thiophenyl)ethylene, ndls. from ale., m.p. 71-72° (206). — 
C with disodium salt of dithiopyrocatechol in ale. at 110-120® in s.t. for 7 hrs. gives small 


yield (206) of 


golden ndls., m.p. 234® (206).] 


[C with paraformaldehyde (1 :(X)80) + cone. H2SO4 as directed (207) gives a,ex-diehloro- 
/3-hydroxypropionic acid, m.p. 88-89® (s. cap. tube).] 

[Cj with dibenzoyl peroxide on refluxing either with or without AICI3 gives (40% yield 
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(208)) a,a,/3-trichloro-/5-phenylethylene (a,a,^-trichlorostyrene) [BeiL V-477, V2-(367)l, 
b.p. 87-89® at 3 mm., Di® = 1.40, nS =* 1.5758 (208), accompanied by cbJorobenzene 
(3:7903), CO 2 , and under certain conditions by hexachloroethane (3:4^5).] 

[C with large excess EtMgBr in boilg. ether evolves ethylene and on subsequent treat- 
ment with aq. gives a mixt. of ethylene + acetylene; for explanation see (209). — C with 
n-butyllithium in pet. eth. gives violent explosion ( 210 ).] 

[For study of reactn. of C with pyridine or piperidine at 16-18® see <211).] 

® Color test with NH 4 OH/CU 2 CI 2 : C ( 1-2 drops) in small glass-stoppered bottle filled 
with cone. aq. NH 4 OH, treated with powdered CU 2 CI 2 , stopper quickly inserted (to 
force out air and excess liquid), shaken, and allowed to stand, gives in 3 days a pale 
amethyst color ( 212 ); note, however, that C on stdg. with metallic Cu + cone. aq. 
NH 4 OH develops rich port-wine red color in aq. layer and brown coating on the copper 
(213). — Note also that neither of these tests should be regarded as conclusive (see 
(212) (213)). 
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June 22, 1937; Cent 1937, II 3813; C.A. 31, 5817 (1937) (145) Bailey, J. Chem. Soc. 1939, 

767-769 (1939). (146) Zuckormandel (to Dow Chem. Co.), U.S. 1,835,682, Dec. 8, 1931; Cent. 

1933, I 1153, C.A, 36, 999 (1932). (147) Pitman (to Westvaco Chloiine Prods. Co.), U.S. 

2,319,261, May 18, 1043, C.A. 37, 0372 (1913) (148) Zuckermandel (to Dow Chem. Co.), 

U S 1,819,585, Aug. 18, 1931; Cent 1931, II 2657, C.A 35, 5078 (1931). (149) Stewart, DePree 

(to Dow Chem. C'o.), U S. 1,917,073, July 4, 1933, Cent 1933, II 1927, C.A. 37, 4539 (1933). 
(150) Pitman (to du Pont Co.), U.S. 1,925,002, Sept. 5, 1933; Cent. 1933, II 3192; C.A. 37, 5446 
(1933) Imperial Chem. Ind., Ltd., French 744,128, March 12, 1933, Cent. 1933, II 605. 

(1^1) Crawford, Duncan, & Imperial Chem. Ind , Ltd , Brit. 493,875, Nov 10, 1938; Cent. 
1939, I 1252; C.A. 33, 2540 (1939). (152) Koe.ssler & Hasslacher Chem. Co , French 732,569, 

Sept. 22, 1932, Cent. 1933, II 3785; C A. 37, 304 (1933); Ger. 573, i05, Maich 3, 1932, C.A. 37, 
2961 (1933). (153) Lob, Z. Elektrochem. 7, 903-921 (1901), Cent. 1901, II 1042. (154) Joist, 

Lob, Z. Elektrochem. 11, 938-944 (1905); Cent. 1906, I 223. (156) Dicldnson, Carrico, J. Am. 

Chem. Soc. 56, 1473-1480 (1934). (156) Muller, Ehimanii, Ber. 69, 2207-2210 (1936). (157) 

Bailey, Hickson, J. Chem. Soc. 1941, 145. (158) Kobe, Ann. 64, 182 (1845). (159) Besson, 

Compt. rend 118, 1347 (1894); Ball. 6oc. chim. (3) 11, 918-919 (1894). (160) Swarts, BuU. 

acad. roy. Belg. (3) 36, 532-552 (1898) , Cent. 1898, 1 588-589. 

(161) E. Prilozhaeva, N. Prilezhaeva, J Gen. Omn. {U.S S.R.), 9, 1766-1773 (1939); C.A. 
34, 3672 (1939). (102) Biltz, Ber. 36, 1533-1536 (1902). (163) Sabatier, Mailhe, Compt. rend. 

138, 409 (1904). (164) Prud’homine, Compt. rend. 70, 1137 (1870); Ann. 166, 342-343 (187(^. 

(165) Kirkbnde (to Imperial Chem. Ind, Ltd), US. 2,321,823, June 15, 1943; C.A. 37, 6676 
(1943)' Brit. 534,732, March 17, 1941; C.A 36, 1330 (1942); Belg. 439,293, Sept. 13, 1940; 
Cent. 1942, I 2706. (166) Consortium fur Elektrochem. Ind., Ger. 340,872, Sept. 19, 1921; 
Cent. 1921, IV 1101. (167) Guyot, Simon, Compt. rend. 170, 734-736 (1920), (168) Biesalski, 

Z. angew. Chem. 37, 317 (1924). (109) Bockemuller, Ann. 606, 29-33, 50-52 (1933). (170) 
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(171) Miller, Calfee, Bigelow, J. Am. Chem. Soc. 69, 198-199 (1937). (172) Humiston, J. 

Phys. Chem. 23, 576-577 (1919), (173) Leermakers, Dickinson, J Am. Chem. Soc. 54, 4648- 

4657 (1932). (174) Kharasch, Brown, J Am. Chem. Soc. 61, 3433 (1939). (176) Mugdan, 

Wimmer (to Consortium fur Elektrochem. Ind), Ger. 680,659, Sept. 9, 1939, Cent. 1989, II 
3486; C.A. 36, 1961 (1942): French 844,300, July 21, 1939; C.A. 34, 7300 (1940). (176) LG.. 



8:5460-3:5475 


700 


DIVISION B, SECJTION 1 

French 836,979, Jan. 31, 1939; Cent. 1939, II 226; C.A. 33, 5869 (1939). <177} Fink, BoniUa, 
J. Phys, Chem, 37, 1141-1146 (1933). <178) Bourgoin, BuU, aoc. chim. (2) 94, 114 (1875). <179) 

Carrico, Dickinson, J. Am. Chem. Soc. 57, 1343-1348 (1935). <180) Yardley, Proc. Roy. &oc. 
{London), A-U8, 463 (1928). 

(181) Willard, Daniels, J. Am. Chem. Soc. 67, 2240-2245 (1935). <182) Bauer, J. prakt. 

Chem, (2) 79, 208-210 (1905). <183) Hers, Rathmann, Ber. 46, 2590 (1913). <184) Hofmann, 

Kirmreuther, Ber. 49, 4483-4484 (1909). <185) Bohlman, Willard, J. Am. Chem. Soc. 64, 1342- 

1346 (1942). <186) Margosches, Hinner, Friedmann, Z. anorg. aUg. Chem. 137, 81-90 (1924). 

(187) Margosches, Hinner, Z. deut. u. Fett^Ind. 44, 97-100 (1924); Cent. 1994, I 2648; C.A. 
18, 3731 (1924). (188) Margosches, Bam. J. prakt. Chem. (2) 193, 21G-226 (1922/3). <189) 

Goldschmidt, Schhssler, Ber. 68, 568, 570 (1925). (190) Kolbe, Ber. 9, 326-329 (1869). 

<191 ) Argo, James, Donnelly, J. Phya. Chem. 93, 57S-5S5 (1919). (192) Burrows, Hunter, 

J, Chem. Soc. 1939, 1357-1360. (193) Steinkopf, Kiihnel, Ber. 76, 1327 (1942). <194) Haines, 

Adkins, J. Am. Chem. Soc. 47, 1422-1423 (1925). <195) Heslinga, Rec. trav. chim. 43, 179 (1924). 

(196) Sthhler, Ber. 47, 912 (1914). <197) Gowing-Scopes, Analyst 39, 7 (1914). (198) Lenze, 

Z. gea. Schieaa- u. Sprengatoffw. 97, 255-258, 293-296, 337-340, 373-376 (1932) ; Cent. 1933, I 
1716; C.A. 97, 844 (1933). (199) Farlow, Org. Syntheses, CoU. Vol. 9 (1st ed.), 312-313 (1943) ; 

17, 58-59 (1937). (200) Henne. Ladd, J. Am. Chem, Soc. 60, 2494 (1938). 

<201 ) Prins, Rec. trav. chim. 67, 659, 662, Note (1938). (202) Boesoken, Prins, Cent. 1911, I 

466. (203) Geuther, Fischer, Jahresber. 1864, 316. (204) Geuther, Brockhoff, Jahresber. 1873, 

314. (205) Cusa, McCombie, J. Chem. Soc. 1937, 770. (206) Hurtley, Smiles, J. Chem. Soc. 

1996, 2269-2270. (207) Prins, Rec. trav. chim. 61, 473-474 (1932). (208) Reijnhart, Rec. trav. 

chim. 46, 74-76 (1927). (209) Binaghi, Gazz. chim. ital. 67, 671-672, 674 (1927); Ce7it. 1998, 

I 908; C.A. 99, 574 (1928). (210) Marvel, Hager, Coffman, J. Am. Chem. Soc. 49, 2328 (1927). 

(211) Tronow, J. Russ. Phya.-Chem. Soc. 68, 1287, 1289 (1926); Cent. 1997, II 1145; C.A. 99. 
2737 (1928). (212) Doughty, J. Am. Chem. Soc. 41, 1131 (1919). <213) Doughty, J. Am. 

Chem. Soc. 39, 2690 (1917). <214) Prins, Rec. trav. chim. 61, 1065-1080 (1932). <215) Smyth, 

Jnd. Eng. Chem. 8, 379 (1936). <216) Taylor, Ward, J. Chem. Soc. 1934, 2003-2010. <217) 

Geuther, Brockhoff, J. prakt. Chem. (2) 7, 107-111 (1873). <218) Lecat, “ L’Azeotropisme,” 

1918, p. 68. <219) von Oettinger, J. Ind. Hyg. Toxicol. 19, 423-424 (1937). <220) Carpenter, 

J. Ind. Hyg. Toxicol. 19, 323-336 (1937). 

<221) Missbach (to Stauffer Chem. Co.), U.S. 2,043,257-2,043,260 inch, June 9, 1936; Cerd. 
1936, II 3845; C.A. 30, 5240 (1936). <222) Grebe, Stoesser, Mills (to Dow Chem. Co.), U.S. 

1,989,478, Jan. 29, 1935; Cent. 1936, II 3859; C.A. 29, 2000 (1935). <223) Rauscher, Ind. Eng. 
Chem. Anal. Ed. 9, 296-299 (1937). <224) Lehman, Schraidt-Kehl, Arch. Hyg. Bakt. 116, 131- 

268 (1936); C.A. 31, 477 (1937). 


3:5475 1,2,2-TRICHLOROPROPANE 


Cl 

CHr- <!?— CH, 


(ia ii 


CsHsO, 


Bea. I - 106 

Ii— 

Ik- 


B.P. 183" (1) (2) = 1-318 

133-126° (3) 

[For prepn. as a by-product of the chlorination of propane see <2); for formn. of C (47%) 
in chlorination of 1,2-dichloropropane (3:5200) see <3).] 

C with ale. KOH splits out HCl and gives two stereoisomeric 1,2-dicliloropropenes, viz., 
3 :6110 and 3:5160. 

3:6476 <l) Herzf elder, Ber. 26, 2435 (1893). <2) Hass, McBee (to Purdue Research Foundation), 
U.S. 2,004,073, June 4, 1935; Cent. 1936, 1 1500. <3) ZeUner (to Tide Water Associated Oil Co.), 
U.S. 2,370,342, Feb. 27, 1945, C.A. 39, 3534 (1945). 
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DIVISION B. LIQUIDS WITH BOILING POINTS 
REPORTED AT ORDINARY PRESSURE 

Section 1. greater than 1.1600 

(3:5500-3:5999) 

3:5500 cu-2,3-DICELOROBXrTEITE-2 Cl Cl CiHga: Beil. S.N. 11 

CH»-<!;=i— CHs 

B.P. 134-136° at 768 mm. (1) 2^“ - 1.1618 (1) ng* > 1.4590 <1) 

Di® = 1.1630 (1) ni? = 1.4616 (1) 

ISee also trans stereoisomer (3:7395).] 

[For^prepn. of C (accompanied by its traris stereoisomer (3:7395)) from 2,2,3-trichloro- 
butane (3:5680) with solid KOH (1 mole) at 135-140° see (1).] 

C on oxidn. with 3% aq. KMn 04 yields (1) acetic acid (1 : 1010). 

C in CCI 4 at —20° treated with 7% O 3 , then hydrolyzed, yields (1) acetic acid (1 : 1010) + 
acetaldehyde (1:0100). 

3:5500 (1) Tishchenko, Churbakov, J. Gen, Chem. (U.S,SM,) 6, 1653-1658 (1936); Cent. 103!, 
I 3785; C.A. 31, 2165 (1937). 

3:5515 TRICHLOROMETHYL CHLOROFORMATE C 2 O 2 CI 4 BeiL m - 18 

(“ Diphosgene, ” trichloromcthyl CI 3 C.O.CO.CI nii-( 8 ) 

chlorocarbonate, “ Superpalite *’) 1112 - (16) 

B.P. M.P. 

127.5-128° (1) cor. (2) -57® 

127° at 760 mm. (3) 

126-127° at 746 mm. <4) 

(5) 

127.2° at 726 mm. (6) 

49° at 60 mm. (3) 

45° at 26 mm. <7) 

20° at 10.3 mm. <1) 

0° at 2-4 mm. <1) 

Colorless oily liq. with irritating and suffocating odor, but (when pure) not especially 
lachr)rmatory. — Ord. samples may cont. triphosgene (3:1915). 

[For prepn. from methyl ^rmate (1 : 1000) or methyl chloroformate (3:5075) by chlorina- 
tion see (8) (3) (9) (2) (1); for prepn. from 5is-(trichloromethyl) carbonate (triphosgene) 
(3:1915) see (1); for German prepn. in World War I see <10).] 

C (when pure) boils with no decompn. (1); however, above 300° (2) or on contact with 
activated carbon, charcoal, or iron oxide at ord. temp. (1) C decomposes to phosgene 
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2^1 = 1.633 (7) ng = 1.456 (1) 
2>it = 1.655 <3} = 1.45664 <8) 
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(3:5000). — C on contact with alumina ( 1 ), AlCla ( 6 ), or FeCls <3) decomposes in a dif- 
ferent mode yielding CCI4 (3 : 6100) -h CO2. 

C with aq. hydrolyzes slowly in the cold but rapidly at 100 ® yielding only HCl -f CO 2 

(1) _(3); C on warming with aq. Na 2 C 03 yields NaCl + CO 2 <3). 

C on treatment at 20® for 5 min. with Nal in acetone evolves CO and separates I 2 to 
98.8% of amt. expressed by reaction: CI 3 C.O.CO.CI + 2NaI — > 2CO + 4NaCl + I 2 (11) 
(cf. chloromethyl chloroformate (3:5275), dichloromethyl chloroformate (3:5315), and 
triphosgene (3:1915)]. 

C with aq. NH 4 OH reacts vigorously yielding urea + NH 4 CI. — C with excess aniline 
in either aq. or non.-aq. soln. is converted to N^V'-diphenylurea (carbanilide), m.p. 233°, -f 
aniline hydrochloride (3). [Note that with insufficient aniline a mixt. of phenyl isocyanate 
+ iV’-phenylcarbamyl chloride may form (3).] 

C on addn. in cold to cone. soln. of phenol (1 mole) in aq. NaOII separates an oil (which 
soon solidifies) of phenyl trichloromethyl carbonate [Beil. VIi-( 88 )], ndls. from ether, m.p. 
70.5° (12), 66 ° (3); this product upon warming with a(p sodium phenolate (or C warmed 
with excess sodium phenolate in one operation) yields diphenyl carbonate (1:2335), cryst. 
from ale., m.p. 78° (12). [For corresponding reactions with p-cresol (1:1410), /3-naphthol 
(1:1540), p-chlorophenol (3:0475), and p-nitrophenol see (13).] 

C with pyridine yields a yel. double quaternary ammonium salt C5H5N (Cl).CO(Cl)- 
N.C 6 H 6 which by aq. is decomposed to pyridine hydrochloride -b CO 2 (14). ^ 

[For use of C in prepn. of acid chlorides of carboxylic or sulfonic acids sec (15); similarly 
C htd. with anhydrous NaOAc gives AC 2 O + NaCl CO 2 ( 2 ) ; for actn. on methyl hydrogen 
sulfate yielding methyl chlorosulfonate + phosgene -f CO 2 see (16).] 

[For use of C for introduction of a second — CO.Cl group into acid chlorides see (17).] 

3:5515 ( 1 ) Hood, Murdock, J. Phys. Chejn, 23 , 498 -514 (1919). (2) Hentschel, J, prakt. Chem» 

(2) 36 , 99-113 (1887). (3) Kling, Florentin, Lassieur, Schmitz, Ann, cfnm. (9) 13 , 44 49 (1920). 

( 4 ) Nekrassow, Melnikow, J. prakt. Chem. (2) 126, 81-96 (1930) (5)^ Ramsperger, Waddington, 

J. Am. Chem. Soc. 55, 214-220 (1932). (G) Mohler, Helv. Ch%m. Acta 21, 788 (1938). (7) 

Mohler, Polya, Helv. Chim. Acta 19, 1238 (1936). (8) Grignard, Rivat, Urbain, Ann. chim. (9) 

13 , 228-265 (1920). (9) Hentschel, J. prakt. Chem. (2) 36 , 209-215 (1887). (10) Norris, Ind 

Eng. Chem. 11 , 822-824 (1919). 

(11) Ferret, Biechler, Compt. rend 263 , 84-87 (1936); C.A. 30 , 7423 (1936). (12) Ref. 4, pp. 

93-95. (13) Melnikow, J. prakt. Chem. 128 , 233-235 (1930). (11) Ger. 109,933, May 27, 

1898; Cent. 1900 , II 460. (15) Brit. 401,643, Dec. 14, 1933; Cent. 1934 , II 2133. (16) Kraft, 

Alekseev, J. Gen. Chem. (U.S.S.R.) 2 , 726-729 (1932); C.A. 27 , 2426 (1933); Cent. 1933 , II 1666. 
(17) Kharasch, Eberly, Kleiman, J. Am. Chem. Soc. 64 , 2975-2977 fl942). 


3 : 5540 a,/3-DICHLOROVINYL ETHYX ETHER C4ri60Cl2 

(a,/3-Dichloro-a-€thoxyethylene ) CH=CH — G — CH 2 CH 3 

ii 

BJ>. 138.3° cor. (1) = 1.1973 (.3) 

135-137° <4> Df = 1.3037 (3) 

133-136° (2> n},®* = 1.46684 (3) 

C has the possibility of existing in two geometrically isomeric forms, but only this one 
has as yet been recognized. 

[For prepn. of C from trichloroethylene (3:5170) with ale. KOH (4), with ale. NaOEt 
(yield: 81% (5), 70% ( 2 )), or with ale. NaOH -f CaO ( 6 ) see indie, refs.; from 1,1, 1,2- 
tetrachloroethane (3:5555) with NaOEt see (1).] 

[C with calcd. amt. aq. (7), or with cone. HCl ( 8 ) yields ethyl chloroacetate (3:5700); 


Beil. I - 724 

11- (377) 

12- (780) 
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C on boilg. with aq. to complete soln. yields (9) chloroacetic acid (3:1370); C on htg. 
with aq. in s.t. at 180® yields <1) glycolic acid (1 :04:i0), EtCl (3:7015) + HCL] 

[C with HCl gas yields (10) an ad^. prod, which on htg. decomposes to chloroacetyl 
chloride (3:5235) + EtCl (3:7015); C with monobasic org. acids yields (2) on htg. ethyl 
chloroacetate (3:5700) + corresp. acid chloride; with succinic acid the products are (2) 
ethyl chloroacctate (3:6700) + succinic anhydride (1:0710).] 

[C with alcohols yields mainly (2) (11) the corresp. alkyl chloroacetate -f- EtCl (some 
ethyl chloroacetate -f alkyl chloride are also formed (2)); C htd. with excess NaOEt yields 
(1) sodium salt of ethoxyacctic acid (1:1070).] 

[C with phenols yields exclusively (2) the corresp. aryl chloroacetate -f- EtCl; e.g., C 
with /3-naphthol (1 : 1540) yields (2) /3-naphthyl chloroacetate, m.p. 95® (2).] 

C with aniline in aq. or aq. ale. soln. yields (12) ethyl iV-phenylaminoacetate (90%) 
(Beil. XII-470, XIIi-(263)], m.p. 58®, and phenylaminoacetanUide (10%) [Beil. XII-556, 
XIIi-(285)], m.p. 112®. 

[C readily absorbs CI2 at ord. temp. ; if moisture is carefully excluded, the prod, breaks 
up (13) (14) on keeping or on htg. into dichloroacetyl chloride (3:5290) -f EtCl (3:7015); 
if, however, moisture is given access or aq. added, then on keeping or htg. the prod, breaks 
up (13) (14) and on distn. gives aim. theoretical yield of ethyl dichloroacetate (3:5850) -|- 
HCl.] 

[C readily absorbs Br2; with complete exclusion of aq. the products are (13) (14) bromo- 
chloro-acetyl chloride, b.p. 138-139® (13), and EtBr; in pres, of aq. the products are ethyl 
chloro-bromo-acotate, b.p. 174®, 7)1^ — 1.5890 (13), + HCl -f HBr; some bromo-chloro- 
acetyl hromxj^, b.p. 158-160®, 47-49® at 15 mm. (15), and C2H5CI (3:7015) are also (15) 
formed. — C on treatment with Br2 in the cold, then immediately followed by ale. KOH, 
gives good yield (3) of /3-bromo-a,/3-dichlorovinyl ethyl ether, b.p. 177® at 754 mm., D4® = 
1.6565, nU = 1.50427 (3).] 

[C treated witii ICl, stood 30 min. (17), filtered from I2, then htd. to 50® to expel C2H6CI 
gives (16) (17) chloro-iodo-acetyl chloride; addn. of aq. to latter yields by hydrolysis 
(16) (17) chloro-iodo-acetic acid, colorless Ifts. from It. pet., m.p. 90® (16).] 

3:6540 (l) Geuther, Brockhoff, J, prakt, Chem. (2) 7 , 111-117 (1873). (2) Crompton, Vander- 

stichele, J. Chem. Soc. 117 , 691-693 (1920). (3) Smith, J. Chem. Soc. 1927 , 1099-1102. (4) 

Paterno, Oglialoro, Ber. 7, 80-81 (1874). (5) Stephens, J. Soc. Chem. Ind. 43 , T313-314, 327- 

328 (1924) ; Cent. 1925 , I 357. (6) Imbert, Consortium fur Elektrochem. Ind , Ger. 216,940, 

Dec. 13, 1909; Cent. 1910 , I 308. (7) Imbert, Conaoitium fur B^lektrochem. Ind., Ger. 209,268, 
April 27, 1909; Cent. 1999 , I 1785. (8) Imbert, Consortium fur Elektrochem. Ind., Ger. 210,502, 
June 7, 1909, Cent. 1909 , II 78. (9) Imbert, Consortium fur Elektrochem. Ind., Ger. 216,716; 

Nov. 30, 1909; Cent 1910 , I 214. (10) Consortium fur Elcktiochem. Ind., Ger. 222,194, May 

19, 1910; Cent 1910 , I 1999. 

( 11 ) Imbeit, Consortium fiir Elektrochem. Ind , Ger. 212,592, Sept 6, 1909; CerU. 1909 , 
I 1024. ( 12 ) Imbert, Consortium fur Elektrochem. Ind , Ger. 199,624, June 24, 1908; CerU. 

1908 , II 358. (13) Crompton, Triffitt, J. Chem.\ Soc. 119 , 1874-1875. (14) McKie, J. Chem. 

Soc. 123 , 2213-2217 (1923). (15) Backer, Mook, J Chem. Soc. 1928 , 2126. (16) Crompton, 

Carter, /. Chem. Soc. 123 , 576-577 (1923). (17) McMath, Read, J. Chem. Soc. 1927 , 638-539. 
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3:5550 l,3-DICHLOROBUT£N£-2 Cl Cl C4H6CI2 BaU. S.N. 11 

(2,4.Dichlorobutene-2) cH^=CH-iH, 


BJP. 187-189“ at 786 mm. (1) 
187-188.5° at 763 mm. (2) 
61-63“ at 70 mm. (1) 
56-57“ at 66 mm. (3) 
53-54“ at 66 mm. <2) 
53-54“ at 60 mm. <1) 


i)S® = 1.1691 (1) (3) « 1.47339 (1) 

1.1682 (2) 1.4696 (2) 

= 1.46988 <1) 
1.4694 (3) 


Colorless liq. with characteristic odor (1). — C is formed (6-10% (4) <6) (1)) cf. (10) 
in synthesis of chloroprene (3:7080). — [For use in mfg. of unsatd. cellulose ethers see (6); 
in mfg. of unsatd. ethers of alcohols and phenols for use as solvents, disinfectants, etc., 
see (7) (8).] 

[For prepn. of C readily and in quantity (1) from vinylacetylene by shaking with an 
excess (4 moles) of HCl contg. CuCl see (1): from methyl vinyl ketone in 33% yield (to- 
gether with other products) with PCI5 at —10** see (2), from 2-chlorobutene-2 (3:7105) 
(together with other products) by actn. of CI2 at 350® see (9); for formn. of C (together with 
other products) from trimethylethylene + CI2 see (11).] 

C passed over silica gel or clay at 245-275® loses HCl yielding (4) 17-18% 3-chloro- 
butadiene-1,3 (“Chloroprene”) (3:7080). 

C on hydrolysis with steam (12), or aq. alk. (5) (12), or aq. K2CO3 (2), aq. Na^COs 
(70-80% yield (4)) or CaCOa (3) gives 3-chlorobuten-2-oH (3:8207) q.v., b.p. 161- 
162®. — [Note that C with ale. alk. does not hydrolyze or lose HCl but instead gives the 
oorresp. ethers (see details under 3-chlorobuten-2-ol-l (3:8207)).] 

C with CI2 yields (13) (14) (15) a mixt. of 2,3,4-triclilorobutene-l (3:9064), 1,2,3, 3- 
tetrachlorobutane (3:9080), and 1,2,2,3,4-pentachlorobutane (3:9070). 

86560 (1) Garothers, Berchet, Collins, J. Am. Chem. Soc. 64, 4066-4070 (1932). (2) Churbakov. 

J. Qen. Chem. {U.S.S.R.) 10, 977-980 (1940); C.A. 36, 2469 (1941). (3) Tishchenko, /. Gen. 

Chem. {U.S.S.R.) 7, 658-662 (1937); Cent. 1937, II 371; C.A. 31, 5764 (1937). (4) Klebanskil, 

Chevuichalova, SirUet. Kauchuk 1936, No. 6, 16-21; Cmt. 1936, 1 1975; C.A. 30, 1024 (1936). 
(5) Klebanskil, Tzyurikh, Dolgopol’skil, BvU. acad. eci. U.R.S.S. 1936, No. 2, 189-226; Cent 
19^, II 3844; C.A. 30, 1259 (1936) (full English translation in Rubber Chem. Tech. 9, 383-408 
(1936). (6) du Pont Co., Brit. 429,949, June 11, 1935; Cent. 1936, 1 4098; C.A. 29, 7073 (1935). 

(7) Berchet (to du Pont), U.S. 2,079,758, May 11, 1937; Cent. 1937, II 2597; C.A. 31, 4676 (1937). 

(8) Deichsel (to I.G.), Brit. 443,113, Feb. 20, 1936; Cent. 1937, I 383-384; C.A. 30, 4873 (1936). 

(9) N. y. de Bataafsche Petroleum Maatschappij, Brit. 468,016, June 28, 1937; French 810,112, 
Mar. 15. 1937; Cent. 1937, II 4102; C.A. 81, 8543 (1937). (10) du Pont Co., Brit. 395,131, 
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Cent. 1932, II 2107. 

(11) Tishchenko, J. Gen. Chem. (U.S.S.R.) 8, 1232-1246 (1938); Cent. 1939, I 4223; C.A. 33, 
4190 (1939). (12) CoUins (to du Pont), U,S. 2,192,299, March 5, 1940; C.A. 34, 4392 (1940). 
(13) CarotWs, Berchet, J. Am. Chem. Soc. 66, 162^1631 (1933). (14) Coffman (to du Pont), 

U.S. 1,964,720, July 3, 1934,’ Cent. 1934, II 3180; C.A. 28, 6080 (1934). (15) Carothers, Berchet 

(to du Pont). U.S. 1,965,369, July 3, 1934; Cent. 1936, 1 3725; C.A. 28, 5716 (1934). 
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3:5662 2-CHLOROETHAirOL-l CH{— CHjOH C2H60a 

(Ethylene chlorohydrin, i 

t3-chloroethanol, 

^hloroethyl alcohol, 

“ glycol chlorohydrin ”) 


I - 337 

It-(170) 

l2-(333) 


B.P. 


P.P. 


(132° 

at 761 mm. 

(1)1 -67.5° (7) 

D|® = 1.1972 (14) f&* 

- 1.44123 (22) 

(132.0° 


<2)1 (8) 

1.19654 (8) 

1.4412 (18) 

(136-131° 

at 760 mm. 

(3)1 -69.0° 

(21) 

1.1961 (10) 
1.1947 <9) 

1.44012 (9) 


129.46° at 761.1 mm. (4) 
128.7-128.8°at764mm. (5) 

128.66° at 760 mm. (6) 
128.60° at 760 mm. (7) 
128.6° at 760 mm. (8) 

128.1- 128.2° at 762 mm. (9) 

128.05° at 744 mm. (6) 
128.0° at 760 mm. (10) 

128° {11){12) 
127.9-128.1° at 761 mm. (13) 
127.9-128.1° at 741 mm. (14) 
127.6-128.6° (15) 

127.1- 128.1° cor. (16) 

127-127.6° (17) 

126.5-12&7°at729mm. (18) 
51-52° at 22 mm. (1) 
44° at 20 mm. (19) 

43° at 3-4 mm. (20) 


= 1.4402 (10) 

= 1.2022 (13) rt& = 1.44212 (22) 

1.20190 (8) 1.4421 (23) 

1.20027 (6) 1.44208 (13) 

1.1988 (4) (9) 

1.1981 (22) 1.44197 (6) 

1.44189 (24) 
1.44163 (25) 

Di® •= 1.20720(13) n}>® - 1.44382(22) 
1.44380 (8) 


Colorless liq. — miscible with aq, (see also below) and most org. solv. 


MISCELLANEOUS PHYSICAL PROPERTIES 


Binary Systems Containing C 

C + water. For values of and nf? (also n^, nl®, wq ) over whole jange 0-100% 
C see <6) cf. (22) (23); for thermal anal, of systems see (26). — For study of salting-out of 
C from its aq. solns. (11) or its isolation by ether extraction of aq. solns. satd. with NaCl 
or Na 2 C 03 (27) see indie, refs. — For conen. of C, i.e., dehydration of its aq. solns. by 
distn. of the water with CeHe (28), with 1,2-dichloroethane (ethylene dichloride) (3:5130) 
(29), or with cyclohexanol (1 : 6415) (30) see indie, refs. — See also below under azeotropes. 

Note that boilg. aq. solns. of C undergo slow decompn., e.g., about 10% in 8 hrs. (23), 
60% in 5 hrs. (107) cf. (11) (presumably by loss of HCl and evoln. of ethylene oxide (1 : 6105), 
b.p. 10.7°, and/or (38) acetaldehyde (1:0100), b.p. 20.2°. 

C with hydrocarbons. C wUh CeHe (1:7400): for b.p., vapor-liq. equil., and np see 
(10). — C with toluene (1:7405): for b.p., vapor-liq. equil., and nf) see (10) (see also below 
under azeotropes). 

C with alcohols. C with hutanoUl (1:6180): for b.p., vapor-liq. equil., and nj} see 
(K)). — C with isolmtyl ale. (1:6166): for b.p., vapor-liq. equil., and nff see (10). 

C with ethers. (? with di-tsopropyl ether (1:6185): for b.p., vapor-liq. equil, and 
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nif see <10). — C vnth dirrirbuiyi ether {1 : 7950): for b.p., vapor-liq. equil., and nff see (10). 
— C with ^ffi'-’dichloro-diethyl ether {S\6026): for b.p., vapor-liq. equil., and no see (10) 
(see below under azeotropes). 

C with chlorinated hydrocarbons. C with 1 ,S-dichloroetfuine {ethylene dichU)ride 
{8:5130): for b.p., vapor-bq. equil., and D sec (31) (sec also below under azeotropes). 
(For use of ethylene dichloride in dehydration of C see (30).) 

Azeotropes Containing C 

Binary azeotropes. C with water forms a const. -boilg. mixt., b.p. 97.85® at 760 mm. 
(26) (8), 97.8® at 760 mm. (23) (32), contg. 45.8 wt. % (8), 43.5 wt. % = 14.7 mole % 
(32) C: constants for this azeotropic mixt. at other press, jnclude the following: at 771 mm., 
b.p. 96-96.2° (26); at 735 mm., b.p. = 95.8® (33) (11), contg. 42.5 wt. % C (33) (11); 
at 504 mm., b.p. = 86.4° (23); at 400 mm., b.p. = 80.55°, contg. 40.5 wt. % C (23). — 
Note that compn. changes only slightly (23) with press. — For study of influence of NaCl 
(11) (23) or of HCl (11) see indie, refs. 

C with toluene {1:7J^05) gives a const.-boilg. mixt., b.p. 106.9°, contg. 27 mole % C 
(10). — C with dirn-butyl ether (1:7950) gives a const.-boiIg. mixt., b.p. 123.0°, contg. 
68 mole % C (10). — C with 5^5*-dtchlorodie1hyl ether (3:6025) gives a const.-boilg. mixt., 
b.p. 128.2°, contg. 91.8 mole % C (10). 

Ternary azeotropes: C with aq. -f CeHc (1:7400) gives a const.-boilg. mixt., b.p. 
67.0-67.3® (29). — C with aq. + ethylene dichloride (3:5130) gives a const.-boilg. mixt., 
b.p. 69.6° (29). “■ C with aq. -h 1,1,2-trichloroethylene (3:5170) gives a const.-boilg. 
mixt., b.p. 70.8-71.5® (29). 

Miscellaneous Physical Properties op C 

[For sepn. of C from gas mixts. by adsorption (?) on Mg(C104)2 or other perchlorates 
see (34).] 


USES OF C 

The manifold uses of C, based upon both its physical and its chemical characteristics, 
cannot here be reviewed in detail ; however, some examples include the following. 

[For use in sepn. of butadiene from hydrocarbon mixts. (35), in dewaxing and removing 
naphthenes from mineral lubricating oils (36), in refining of rosin (37), in extraction of 
pine lignin (38) (39), as solv. for various resins (40), as solv. for cellulose acetate (41) or 
cellulose ethers (42), for addn. to rayon spinning baths (43) see indie, refs.) 

PHYSIOLOGICAL AND BIOCHEM. BEHAVIOR OF C 

[For study of pharmacol. of C (or its phosphoric esters, etc.) see (44); for reports of 
poisoning by C see (45) (46); for study of toxicity of vapor of C see (403).] 

[For effect of C upon amylase (47) (48) or lipase (49) see indie, refs. ; for use of C in prod, 
of yeast of depressed enzymatic activity see (50).] 

DETERMINATION OF C 

[For colorimetric detn. of C by reactn. with diazotized sulfanilic acid in alk. soln. at 
25® see (106) (note that method involves oxidn. of C by the reagt. to chloroacetaldehyde 
(3 : 7212) and color formn. with latter) ; for detn. of C in aq. solns. by refractometry see 
(11) (25) (6) (23).] 
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PREPARATION OF C 

From ethylene. With hypochlorous add, e.g., from Ck aq, — C is usually prepd. from 
ethylene by addn. of HOCl, the HOCl may be obtained by use of CI2 -faq. (sometimes in the 
pres, of alk. acceptors for the simultaneously formed HCl), by use of organic hypochlorites, 
or other org. cpds. which hydrolyze to give HOCl. 

[For scientific papers discussing prepn. of C from ethylene + HOCl (CI2 + aq.) see 
(401) (11) (51) (52) (53) (54) (55) (56) (57) (58) (59); for very old work see (60); for ex- 
amples of patents employing this method see citations (61)-(82) cf. (402), inclusive; for 
study of metal-corrosion problems involved in this method of prepn. of C see (83).] 

With organic hypochlorites (e.g., ter~hutyl hypochlorite {3:716S)). [For patents on prepn. 
of C from ethylene -f- /cr-butyl hypochlorite see (84) (85).l 

With N-chlorourea. [For prepn. of C from ethylene with AT-chlorourea in 5% H2SO4 
contg. CuCl2 at 0° (yield: 60-70% C accompanied by 2% ethylene dichloride (3:6130)) 
see (86).] 

From ethylene glycol (1:6466). [For prepn. of C from ethylene glycol satd. with HCl 
gas and htd. in s.t. (12) (90), or treated at 160° (87) (4) or 180° (88) with stream of HCl 
(yields: 70-80% (88), 60% (87)), sec indie, refs.; note that ethylene glycol with excess 
cone. HCl in s.t. at 100° gives no C (89) but only ethylene dichloride (3:5130), while mere 
distn. with cone. HCl (9 moles) gives (15) only 12% C.)] 

(For prepn. of C from ethylene glycol with S2CI2 (2.5 wt. pts. (91)) on refluxing (yields: 
82.5% (92), 72.8% (91)) (93) (94) (95) see indie, refs.: for formn. of C from glycol with 
SiCU see (96).] 

From ethylene glycol esters. [For patents on prepn. of C from ethylene glycol diformate 
(1:3402) with HCl gas at 100° via formn. of /J-chloroethyl formate and subsequent alco- 
holysis of latter with McOH/HCI (97), or from ethylene glycol diacetate (1:3511) with 
EtOH + H(^l at 125-135° under press. (EtOAc is also formed) (98), see indie, refs.] 

From ethylene oxide (1:6106). [For formn. of C from ethylene oxide with liq. HCl 
(99) or with S2CI2 (100) (other prods, are also formed) see indie, refs.] 

From other miscellaneous sources. [For formn. of C from 1,2-dichloroethanc (ethylene 
dichloridc) (3:5130) by conversion with SO3 below 45° to jS-chloroethyl chlorosulfonate 
(see below) and subsequent hydrolysis to C (101); from 62>-(^-chloroethyl) sulfate (see 
below) by refluxing with aq. (102); from /^^-chloroethyl trichloroacetate (3 : 6410) by shaking 
with aq. (103); from /3-chloroethyl vinyl ether (3:7464) on distn. with aq. + trace of HCl 
(acetaldehyde is also formed) (104); from cliloroacetaldeliyde (3:7212) by reduction of 
carbonyl group with EtOMgBr (105) see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

Pyrolysis of C. [C in s.t. at 184° for 10 hrs. yields (107) 1,2-dichloroethane (ethylene 
dichloride) (3:5130) and acetaldehyde (1:0100) (the latter partially as aldehyde resin); 
for study of rate of decompn. of C at 368° sec (108).] • 

Behavior with Inorganic Reactants 

Reduction of C. [C with Na/Hg 4- aq. (109), or C in aq. soln. in pres, of alk. with 
H2 at atm. press. + cat. (110), yields ethyl alcohol (1:6130); in latter method reduction 
is facilitated by NaOH, less so by Ca(OH)2 or CaCOs; using Pd/CaCOa yield of EtOH 
is 91%; using Ni yield of EtOH is 80% accompanied by 20% ethylene glycol (1:6466) 
< 110 ).] 

Oxidation of C. C on oxidn. with CrOs yields (111) chloroacetic acid (3:1370). 
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Behavior with HjO. C on boUg. with aq. undergoes gradual decomposition: e.g., 10% 
in 8 hrs. (23), 50% in 5 hrs. (107) cf. (11), presumably by loss of HCl and formation of 
ethylene oxide (1:6105), acetaldehyde (1:0100) etc. — [Note that C with aq. vapor over 
Zndz + ZnO at 250-255° yields (112) acetaldehyde (1:0100).] 

Behavior with inorganic acids. (See also below under behavior with salts of inorganic 
acids.) 

With H 2 / 5 OA. C with cone. H 2 SO 4 readily dissolves and according to conditions yields 
either /9-chloroethyl hydrogen sulfate or fets-(^-chloroethyl) ether. (Note that C with 
SO 2 CI 2 (see below) gives 5w-(/3-chloroethyl) sulfate.) 

[For study of rate and extent of formn. of /S-chloroethyl HSO 4 with cone, or fumg. H 2 S 04 
at 25° see (14); for reactn. of barium salt of this prod, with aniline see (113).] 

C with cone. H 2 SO 4 (17% by wt. of C) refluxed 6 hrs. gives (114) 6is-^-chloroethyl) 
ether (3:6025). 

With HNOs. [C with HNO 8 /H 2 SO 4 (115) (116) gives (92% yield (115)) j3-chloroethyl 
nitrate, C1CH2CH20NC)2, b.p. 149-150°; for use of this prod, in explosives see (115) (117); 
for use as ignition accelerator in Diesel engine fuels see (118) (119) (120).] 

With HNO 2 . [C with HNO 2 (from NaN02 + HCl) at -5° gives (70% yield (121)) 
(122) (123) /8-chloroethyl nitrite CICH 2 CH 2 ONO, b.p. 90-91° (121), 89-89.5° (122), D?? = 
1.212 (122), 71*1). « 1.4125 (122). (This prod, is not to be confused with the isomeric 
chloro-nitro-ethanes Beil. I-lOl.)] 

Behavior with salts of inorganic acids. (For behavior with NaCN, anhyd. Na^COs, 
NaSCN, etc., see further below under organic reactants; for behavior with NaSH see 
further below under alkali reactants.) 

With alkali iodides. C with Nal in hot ale. (124) (125) or boiling acetone (126) for 16 
hrs. (127) (better 4 hrs. (20)), or with KI in ale. at room temp, for 24 hrs. (128) gives 
(95% 3 deld (127)) /3-iodoethanol (ethylene glycol iodohydrin), b.p. 170-177° dec. (124), 
80-87° at 25 mm. (20), 85-88° at 25 mm. (127), 85° at 25 mm. (124), 61° at 7 mm. (4), 
2.1968 (4), riD = 1.57134 (24). [For study of rate of reaction of C with KI in 
dry acetone at 50° and 60° see (16).] 

With alkali sulfides (for alkali sulfhydrates, e.g., NaSH, see below). — [C with aq. K 2 S 
(129) or with aq. Na^S (11) (130) (131) (132) at 30-35° for 1 hr. (33) splits out 2 NaCl 
giving (yields: 90-95% (11), 79-86% (33)) 6M-(^-hydroxyethyl) sulfide (“ thiodiglycol ”) 
[Beil. 1-470, Ii-(244), l2-(525)], b.p. 164r-166° at 20 mm. (33), 130° at 2 mm. (131), 104° 
at 0.005 mm. (132), f.p. =-16° (132), = 1-1821 (132), 1.1819 (132), n!? = 1.52031 

(132), misc. with aq., readily sol. ale,, acetone, EtOAc, or CHCI 3 , but spar. sol. ether, CeHc, 
or CCI 4 (131) (corresp. dibenzoate, m.p. 65° (133), di-(p-nitrobenzoatc), m.p. 107.7° (134), 
W8-(i^-phenylcarbamate), m.p. 128.5-129.5° (131)). — Note that this prod. (‘* thiodi- 
glycol**) with C at 100° for 13 hrs. (131) adds to form ^m-(/3-hydroxycthyl)sulfonium 
chloride (HOCH 2 CH 2 ) 3 SCl, non-hygroscopic ndls., m.p. 126-127° (132), 125-126° (131). 
Note also thatC (1 mole) Na 2 S -f- l-chloropropanol-2 (propylene chlorohydrin) (3:7747) 
3 rields (135) a mixed deriv., viz., /J-hydroxyethyl /i3-hydi*oxy-n-propyl sulfide.] 

With alkali selenide. [C with aq. Na«Se yields (136) 6f5-()8-hydroxyethyl) selenide.] 
With alkali disulfide. (C with aq. Na 2 S -h S gives (46% yield (137)) (138) 5w-(j3-hydroxy- 
ethyl) disulfide [Beil. 1-471, l2-(528)], b.p. 155° at 30 mm., - 1.3375 (137).] 

With NaHSOs. [C with solid NaHSOs in s.t. at 170-180° for several hrs. gives (139) 
the salt of 2-hydroxyethanesulfonic acid-1 isethionic acid ”).] 

With NadPOi. [C with satd. aq, Na 3 P 04 as directed (140) cf, (3) gives (30% yield 
(140)) di-sodium /S-hydroxyethyl phosphate, ciyst from aq. ale. as hexahydrate, m.p. 61° 
(140).] 
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With NazAsOs, [C with aq. alk. NasAsOs (from AS 2 O 8 in aq. alk.) as directed (141) 
<142) <143) cf. <144) <145) gives /S-hydroxyethylarsonic acid (also known as i9-hydroxy- 
ethylarsinic acid) » HOCH 2 CH 2 AsO(OH) 2 , very soL aq. but forming spar. sol. mono- 
hydrated calcium salt <141).] 

With Na^nOz. [C with aq. alk. Na 2 SnOi^ (from SnCl 2 + aq. NaOH) gives (146) salt 
of i3-hydroxyethylstannonic acid = HOCH 2 CH 2 .SnO(OH).] 

Behavior with acid halides of inorganic acids. With thianyl chloride {SOCk)> 
with SOCI 2 (small excess) in cold gives (83% yield <147)) /3-chloroethylsulfinyl chloride 
=« C1CH2CH20S(0)C1, b.p. 93-95® at 40 mm., 84-85® at 20 mm., * 1.5010, which 
upon attempted distn. at ord. press, dec. into 802 + ethylene (di)Ghloride (3:5130) <147). 
— However, C (excess) with SOCI 2 at elevated temp. <147) or C (I mole) with SOC12 
(1 mole) in cold <148) gives (75% yield <148)) cf. <156) bis- (jS-chloroethyl) sulfite * 
(CICH2CH20)2S0, b.p. 133® at 12 mm. <148), 117.5-118® at 4 mm. (147), = 1.422, 

nf?® = 1.481 <148).] 

With sulfuryl chloride {SO 2 CI 2 ). [C with SO 2 CI 2 in cold gives <149) (70% 3deld <122)) 
/?-chloroethyl chlorosulfonate = CICH 2 CH 2 O.SO 2 CI [Beil. l2-(336)], b.p. 101® at 23 mm., 
® = 1.552, ni?'^ = 1.4587 <122). — However, C with SO 2 CI 2 under reflux (121) (or 
/3-chloroethyl chlorosulfonate + /3-chloroethyl nitrite (above) <122)) gives (50% yield 
<121)) bis- (/3-chloroethyl) sulfate ~ (C1CH2CH20)2S02 [Beil. l2-(336)], b.p. 154r-154.5® 
at 8 mm. <121), 130® at 3.5 mm. (122), m.p. + 11® (121), - 1.4801 (121), n|? = 1.4622 

(121), 1.4620 (122).] 

With phoaphoryl chloride (JPOCh). [C with POCI 3 at 0® (150) or in CCU at room temp. 
<151) gives (46-47% yield <151)) /3-chloroethylphosphoryl dichloride = CICH 2 CH 2 OP- 
( 0 )Cl 2 [Beil. l 2 -( 337 )], b.p. 108-110® at 15 mm. <151).— C with POCI 3 in pyridine at 
—20® gives <140) the salt of mono-(j8-chloroethyl)phosphoric acid == C1CH2CH20P(0)- 
(0H)2 [Beil. Ii-(170), l2-(336)]. — C with POCI 3 in CCU refluxed 16 hrs. gives (60% yield 
(152) cf. (140)) tri- (/3-chloroethyl) phosphate (C1CH2CH20)3P0 [Beil. l2-(337)], b.p. 
180-182® at 2-3 mm., D 20 = 1.428 (152). — For patent on reaction of C with POCU see 
<153).] 

With boron trifluoride (BFz). [C with BF3 forms a molecular compound (154) BF 8 . 2 C 
which can be distilled in vac. without decompn.; b.p. 59® at 2 mm., = 1.4009, riHe 
1.40841 (154).] 

With silicon tetrachloride (SiCh). [C (4 moles) with SiCU (1 mole) yields (155) (96) 
tetra- (/3-chloroethyl) orthosilicate, (ClCH2CH20)4Si [Beil. 1-337, l2-(337)], b.p. 195-200® 
at 15 mm. (156), 170-180® at 8 mm. (96) (also obtd. (156) from SiCU -f j8-chloroethyl nitrite 
(above)).] 

Behavior with alkalies. C with alkalies (or appropriate acid acceptors) loses HC]3 to 
yield according to conditions either ethylene glycol (1:6465) or ethylene oxide (1:6105). 

[E.g., C with aq. NaOH on htg. hydrolyzes to ethylene glycol (1:6466); for general 
articles on this process see <54) (157) <158) (22); for studies of kinetics of the reaction 
see <404) (18) (159) (160) (161); for examples of patents on hydrolysis of C to ethylene 
glycol by use of aq. alkali or alkaline-earth hydroxides, carbonates, or bicarbonates see 
(162) (163) (63) (164) (165) (166) (167).] 

[C added dropwise to 70% aq. NaOH (168) (169) or hot CaO (170) gives ethylene oxide 
(1:6106), b.p. +10.7®; for patents on this conversion see (171) <172) (173) (174) (175).] 

Behavior with alkali sulfhydrate. [C with NaSH (from Na2S.9H20 satd. with H 2 S 
(137)) at 55-66® (137) (176) or C with NaSH in ale. for 36 hrs. at room temp. (177) gives 
(yields: 65% (176), 60-65% (137), 26-50% (177)) i9-hydroxyethyl mercaptan (“ monothio- 
ethylene glycol ”) * HOCH 2 CH 2 SH [Beil. 1-470, l2-(523)], b.p. 167-168® dec. at 742 
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mm. (178), 61® at 18 mm. (179), 58® at 18 mm. (137), 55° at 13 mm. (178), 52® at 12 mm. 
(177); « 1.1143 (178); tod == 1.4996 (178) (corresp. W»-(Ar-phenyl)carbamate, m.p. 

146® (178); corresp. metallic mercaptide derivs. many of which have m.p.’s (178)).] 

Behavior with ammonia (for amines see below under behavior with organic reactants). 
(C with aq. NH4OH gives (180) a mixt. of three hydroxyamines, viz., /3-hydroxyethylamine 
(2-aminoethanol-l) [Beil. IV-274, IVi-(424), IV2-(717)]; 6w-(/3-hydroxyethyl)amine 
(“diethanolamine*’) [Beil. IV-283, IV2-(729)]; and fns-(j8-hydroxyethyl)amine (“tri- 
ethanolamine”) [Beil. lV-285, IV2-(729)). — Although all three of these products are 
now extremely important industrial compounds, they are usually manufactured from 
ethylene oxide with NHg and details lie beyond the scope of this text. — However, for a 
useful monograph see (181).] 

Behavior with hydrazine (NH2.NH2). [C with 1 mole hydrazine loses HCl yielding 

(182) /8-hydroxyethylhydrazine + hydrazine hydrochloride; C with 2-3 moles hydrazine 
yields (182) ethylene oxide accompanied by a little iV,A-6fs-(/?-hydroxyethyl)hydrazine.] 

Behavior of C with Organic Reactants 

Behavior with hydrocarbons. [C with CeHg + AICI3 (followed by aq.) is claimed 

(183) to yield /3-phenylethyl ale. (1:6505), but this has subsequently been denied (184) 
where 1,2-diphenyle thane (bibenzyl) (1 : 7149) and resin were the only prods, obtd. (See 
also below under behavior of C with organometalhc cpds.)] 

Behavior with organic hydroxyl compotmds. With alcohols (see also below under carbo- 
hydrates). C (anhydrous) with sodium alkoxides (from prim, or sec. aliphatic or arom. 
ales, -f Na) on htg. splits out NaCl giving the corresp. mono ethers of ethylene glycol. 

[E.g., C with NaOMe gives (35% yield (185)) /3-hydroxyethyl methyl ether (1:6405) 
q.v.; C with NaOEt gives (60% yield (185)) /S-hydroxyethyl ethyl ether (1:6410) q.v.; 
C with NaOPr gives (40% yield (185)) /3-hydroxyethyl n-propyl ether (1:6414) q.v.; C 
with NaOisoPr gives (25% yield (185)) ^-hydroxycthyl isopropyl ether (1:6413) q.v.; C 
with NaOBu gives (30% yield (185)) /3-hydroxyethyl ri-butyl ether (1:6430) q.v.; C with 
NaOiso-Bu gives (36% yield (185)) |8-hydroxyethyl isobutyl ether (1:6235-A); C with 
NaOAm gives (30% yield (185)) /3-hydroxyethyl n-amyl ether, b.p. 181° at 745 mm. (185).] 

[C with NaOCH2C6H6 similarly gives (186) (187) ethylene glycol monobenzyl ether 
(1:6533) q.v.] 

With carbohydrates (or their relatives). [C with d-glucose + HCl yields (188) cf. (189) 
2-chloroethyl-d-glucoside .] 

[C with “ acetobromglucose ” -f- Ag2C03 (190) (193) in CeHe (189) (191) gives (yields: 
69% (189), 45-50% (190)) tetra-acetyl-j9-d-(/3-chloroethyl)glucoside (tetra-acetyl-/3-d- 
glucosido-ethylene chlorohydrin), m.p. 119-120° (192), 118.5-119.5° (189), 114° cor. (190) 
(191). — For isomerization of this prod, (in boilg. CHCI 3 for 63^ hrs.) to tetra-acetyl-a-d- 
(/5-chloroethyl)glucoside, m.p. 82-^®, see (194).] 

[C with “ acetobromogalactose ” -f Ag2C03 (190) (194) in CoHe (191) gives (77% yield 
(194)) tetra-acetyl-/3-d-(/3-chloroethyl)galactoside, m.p. 117° cor. (190) (191), 115.5- 
116.5® (194).] 

[For analogous prepn. from C of triacetyl-^-d-(^-chloroethyl)xyloside, m.p. 137® cor., 
or of hepta-acetyl-/3-d-(/3-chloroethyl)lactoside, m.p. 78-80°, see (190) (191).] 

[For condens. of C with mannitol (1:5830) or sorbitol (1:5820) see (195).] 

[For use of C in degradation (^' depolymerization ”) of cellulose or starch see (196) (197); 
for use of C -I- NaOH in introduction of /S-hydroxyethyl groups into cellulose see (198).] 

WUh aliphatic mercaptans. C with salts of alkyl or alkaryl mercaptans gives the corresp. 
S-monoethers of monothioethylene glycol. 

[E.g., C with NaSMe in abs. ale. (199) (200) or ether (201) (202) or less advantageously 
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C with KSMe in aq. ale. <201) gives (yields 74-82% (199), 78% (201), 40% (199)) ^ 
hydroxyethyl methyl sulfide 0-methylmercaptoethanol) [Beil. Ir (524)1, b.p. 80.5-81® at 
30 mm. (201), 68-70® at 20 mm. (199), Dfg = 1.0640 (201), = 1.4867 (201); this prod, 

with Mel in dry ether gives on stdg. in cold the corresp. dimethyl-jS-hydroxyethylsulfonium 
iodide, hygroscop. cryst. from MeOH/ether, m.p. 60-62® (202). — C with EtSH in ale./ 
NaOEt (203), in ale. KOH (132), or even in cone. aq. KOH (204) gives (yield 70-74% 
j203)) /3-hydroxyethyl ethyl sulfide [Beil. 1-470, l2-(525)l, b.p. 184® (204) (132), 182-184® 
u.c._(203), Df * 1.0166 (132), nf? = 1.48669 (132).] 

[C with n-BuSH in hot aq. NaOH refluxed 1 hr. gives (81% yield (205)) /3-hydroxyethyl 
n-butyl sulfide [Beil. I2-(525)1, b.p. 92-93® at 3 mm., DU - 0.9693, nf? = 1.4800 (205). — 
C with allyl mercaptan in cone. aq. KOH gives (50% yield (206)) /3-hydroxyethyl allyl 
sulfide [Beil. l2-(525)], b.p. 91® at 12 mm., Dig = 1.0283 (206). — C with NaSCH 2 C 6 H 6 
in aq. soln. gives (100% yield (179)) /3-hydroxyethyl benzyl sulfide, b.p. 169° at 18 mm.) 

[C with ethylene dithioglycol (HSCH 2 CH 2 SH) -f powdered NaOH htd. 1 hr. gives 
(177) ethylene dithioglycol (/3-hydroxyethyl ether) = HOCH 2 CH 2 — S — CH 2 CH 2 — S — 
CH 2 CH 2 OH [Beil. l 2 -( 533 )], Ifts., m.p. 62-63®.] 

With phenols . [C with phenol (1 : 1420) in aq. NaOH (207) or ale. NaOEt (208), or 
C with NaOCeHs on htg. (17) (209), or C with KOCeHs at 150® for 6 hrs. (210), or C with 
phenol salt refluxed 8 hrs. (211) gives (yields: 84% (17), 79% (207), 55-62% (211), 50% 
(209)) / 8 -hydroxyethyl phenyl ether (/3-phcnoxyethanol) (1:6518) q.v., b.p. at 80 mm. = 
165® (211), 163-166® (208), 163-167® (210), b.p. 128-130® at 20 mm. (17), 134-135® at 
18 mm. (209). — (Note that C with NaOCeHs in pres, of EtsN gave only 12.5% yield 
( 212 ) of / 3 -phenoxyethanol.)] 

[Similarly C with aq. sodium o-nitrophenolate in s.t. at 125° for 20 hrs. gives (213) 
/3-(o-nitrophenoxy)ethanol, oil, b.p. 180-182® at 4 mm., m.p. 35-36® (215) (corresp. acetate, 
oil; corresp. benzoate, m.p. 75-76® (213)); C with m-nitrophenol with 40% aq. KOH at 
100° for 2 hrs. (213), or with 2 N NaOH refluxtd 4 hrs. (214), gives j 8 -(m-nitrophenoxy)- 
ethanol, m.p. 90-91® (213), 88 ® (214), 87-88® (215); C with sodium p-nitrophenolate in 
50% ale. in s.t. at 120® for 23 hrs. (213), or in boilg. AmOH (216) (217), gives /3-(p-nitro- 
phenoxy)ethanol, m.p. 101-102® (213), 94-95® (216), 92-94® (216) (corresp. acetate, m.p. 
85-87®; corresp. benzoate, m.p. 116® (213).] 

[Analogous condensations of C with other monohydric phenols include the following: 
for C with o-cresol (1 : 1400) (218), with ^-naphthol (1 : 1540) (218), with m-methoxyphenol 
(1:1765) (219) (220) (221), with methyl p-hydroxybenzoate (1:1549) (222), with p- 
bromophenol (218), with p-acctylaminophenol (213), with m-diethylaminophenol (212), 
with 8 -hydroxyquinoline ( 212 ) see indie, refs.] 

[Analogous condensations of C with polyhydric phenols include the following: with 
pyrocatechol (1 : 1520) (223), resorcinol (1 : 1530) (224) (218), 4-acetylresorcinol (219), 
4-ethylresorcinol (219) see indie, refs.] 

WUh thiophenols. (C with thiophenol in ale. NaOEt (225) (203) or in 10% aq. KOH 
(226) gives (76% yield (203)) /3-hydroxyethyl phenyl sulfide, b.p. 245® (203), 144.5® at 
26 mm. (203), 134-135® at 7 mm. (226), 115-116® at 2 mm. (226), Df = 1.1431 (226), 
wd - 1.5897 (225), nf? “ 1.5917 (226). — C with p-toly mercaptan in cone. aq. NaOH at 
100® for 2 hrs. gives (83% yield (133)) (227) /3-hydroxyethyl p-tolyl sulfide, b.p. 282-283° 
dec., 174® at 30 mm. (133).] 

[For analogous condens. of C with o-nitrophenyl mercaptan (228), m^nitrophenyl mer- 
captan (228), p-nitrophenylmercaptan (228) (229), o-carboxythiophenol (230), and many 
other thiophenols (231) see indie, refs.] 

Behavior of C with organic ethers (or epoxy cpds.). [C with ethylene oxide (1 *.6105) -h 
conc. H 2 SO 4 gives (30-35% yield (232)) 2-(/3-chloroethoxy)ethanol-l (3:9185) accompanied 
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by other prods.: for behavior of C with epichlorohydrin (3:5358) or with a-ethyl-«-methyl- 
ethylene oxide see (232). — C with a,/9'-dichlorodiethyl ether (3:9160) stood 24 his. at 
room temp., then htd. l hr., gives (27% yield (233)) acetaldehyde 6is-(/5-chloroethyl) 
acetal, (see below). — C with 6is-(a-chloroethyl) sulfide gives (234) /9-trithioacetaldehyde, 
m.p. 125®. — For behavior of C with 2,3-dichlorodioxane (3:9106) see (236); with 1,4- 
dithiane see (131).] 

Behavior of C with carbonyl compounds. C with aldehydes or their polymers. [C with 
paraformaldehyde (1:0080) + dry HCl gas gives (yields: 66% (237), 65% (236)) 
(238) (239) chloromethyl ^-chloroethyl ether [Beil. 1-581, l2-(645)], b.p. 145-147® (237), 
46® at 10 mm. (236); = 1.2817 (237), 1.2814 (236); = 1.4578 (236), 1.4592 (237). — 

Note that this prod, with C (239), or C (8 wt. pts.) H- paraformaldehyde (1 wt. pt.) + 
CaCl2 + HCl gas refluxed 5 min. (38) gives formaldehyde 5f«-(/3-chloroethyl)acetal [Beil. 
1-675], b.p. 218-219® (239), 218.1® at 760 mm. (240), b.p. 93-94® at 11 mm. (38), now an 
industrial prod, in U.S. because of its use in manufact. of self-sealing gasoline tanks (240).] 
(C with acetaldehyde (1:0100) (241) (20) (233) or paraldehyde (1:0170) (236) + HCl 
gas gives according to circumstances either a-chloroethyl j8-chloroethyl ether (3:9160) 
q.v. or acetaldehyde 6is-(/3-chloroethyl)acetal, b.p. 194-196° dec. (233), 109-110® at 30 
mm. (20), 106® at 17 mm., Dl? = 1.1712, = 1.4532 (233).] 

(C with propionaldehyde (1:0110) + HCl gas gives (51% 5rield (236)) /5-chloroethyl 
a-chloro-n-propyl ether, b.p. 60® at 10 mm., DJ® = 1.1399, nf? = 1.4496 (236).] 

[0 with n-butyraldehyde (1:0130) + HCl gas gives (70% yield (236)) j8-chloroethyl 
a-chlor(Mi-butyl ether, b.p. 71® at 10 mm., Z)f = 1.1009, n|? = 1.4471 (236).] 

C with diketene. [C with diketene (242) gives (243) /3-chloroethyl acetoacetate.] 

Behavior of C with organic acids. C with organic acids under appropriate conditions 
behaves conventionally as a substituted ethyl alcohol yielding the corresponding |9-chloro- 
ethyl esters. Since the number of possibilities is enormous, no attempt can be made 
here to list all such cases; only a few typical examples must suffice. Note, moreover, 
that, because dining ordinary esterification hydrolysis of the clilorine atom of C may occur, 
many esters of C are best^'made from its reaction with acyl halides q.v. 

(C with anhydrous formic acid (1 : 1006) in pres, of anhydr. Na2S04 (244) or of HCl gas 
(245) gives /9-chloroethyl formate, b.p. 132° at 764 mm. (245), 127-129° at 768 mm. (244), 
«= 1.2214 (244); for study of rate of esterification of C by formic acid under various 
circumstances see (246).] 

[C with anhydr. oxalic acid (1:0535 on satn. with HCl gas and htg. at 100® gives (245) 
di-(^-chloroethyl) oxalate (3:0572), m.p. 45°.] 

[C with 2-hydroxy-5-methylbenzoic acid (p-cresotinic acid) -f cone. H2SO4 gives /3- 
chloroethyl p-cresotinate, b.p. 136-139® at 10 mm. (247).] 

(C with p-aminobenzoic acid -f- cone. H2SO4 gives (248) (249) jS-chloroethyl p-amino^ 
benzoate.] 

Behavior of C with salts of organic acids. C with sodium salts of organic acids on htg. 
eliminates NaCl yielding the corresp. /J-hydroxyethyl esters; however, not infrequently 
secondary reactions of this product then occur or can readily be caused to occur, such as 
loss of water, ring closure, etc. 

[C with aq. NaCN at 45-60® for 5 hrs. (260) (251), or with ale. NaCN at lOO® for 6 hrs. 
(88) (27), or with KCN in 50% ale. (262) or boUg. ale. (253) (254), gives (yields: 86% (27), 
86-96% (251), 79-80% (250), 71% (253)) ^-hydroxyethyl cyanide (/3-hydroxypropionitrile 
= hydracrylonitrile = ethylene cyanohydrin) [Beil. III-298, IIIi-(113), IIl2-(213)], b.p. 
116-118® at 20 mm. (250), 110® at 15 mm, (27) (263), 107-109® at 12 mm. (250).] 

[C (1 mole) with NaHCOs (1 mole solid) or with Na2C08 (M mole solid) as directed 
(266) is claimed to give (80% yield) mgnomeric ethylene c^ycol carbonate (CH2)202C0.] 
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[C (1 mole) with KSCN (1 mole) in excess C (1.5 moles ss solv.) on wuming does not 
3deld the expected /S-hydroxyethyl thiocyanate, since this prod, spontaneously undergoes 
bimolecular self-condensation evolving COS and producing (45% yield (266)) 1-09-hy- 
droxyethyl)imidazolidthione-2, noi.p. 167-168° dec.; for behavior of this prod, with ethereid 
HCl see (257).] 

[C with NaOBz at 145° (258) or C with NaOBz + a little Et^NH at 130° for 4 hrs. (269), 
or C with KOBz as directed (260), gives (yields: 85% (269), 33% (260)) ethylene ^ycol 
monobenzoate (/3-hydroxyethyl benzoate), m.p. 36.6-37.5° (261), 36-37° (260) cf. (259); 
b.p. 173° at 21 mm. (259), 156° at 14 mm. (260), 150-151° at 10 mm. (261) (corresp. p- 
toluenesulfonate, m.p. 74-76° (262)).] 

[C with Na p-nitrobenzoate -f a little Et2NH at 130° for 4 hrs. (269), or C with K p- 
nitrobenzoate in CeHe in s.t. at 100° (263), gives (yields: 83% (269), 60% (263)) ethylene 
glycol mono- (p-nitrobenzoate), m.p. 77-78° (263), 77° (259).] 

[For analogous behavior of C with sodium salicylate (259), sodium sorbate (264), sodium 
methylarsenite (265), sodium p-toluenesulhnate (133), or sodium naphthenate (266) see 
indie, refs.] 

Behavior of C with acid chlorides of organic acids. C with acid chlorides of organic 
acids behaves as a substituted primary alcohol splitting out H from its OH with Cl from 
the acid chloride to yield the corresp. /3-chloroethyl esters. No attempt can be made here 
to list all possible cases, but the following text will furnish ample illustrative examples. 

With add chlorides of aliphatic adds. [C with acetyl chloride (3:7065) gives (yields; 
90% (267), 82% (248)) (268) /3-chloroethyl acetate (3:5735) q.v. — C with trichloroacetyl 
chloride (3:5420) •+• pyridine in ether gives (45% yield (103)) (275) /5-chloroethyl tri- 
chloroacetate (3:6510) q.v. — C with sorbyl chloride (CH3CH-CH— CH-CH — CO.Cl) 
[Beil. 1-484, l2-(453)] gives aim. quant. (269) /3-chloroethyl sorbate, b.p. 116° at 16 mm. 
(269). — For studies of rate of reactn. of C with various acyl chlorides in dioxane soln. at 
15°, 25°, and 35° see (270). — C with malonyl (di)chloride (3:9030) gives 6t«-(/8-chloro- 
ethyl) malonate, b.p. 164° at 16 mm. (271).] 

With various chloroformates. C with carbonyl chloride (phosgene) (3:6000) at room 
temp, gives (272) (121) (273) (125) only (yield 82% (273), 78% (121)) /8-chloroethyl chloro- 
formate (3:6780) q.v.: note that no (/3-chloroethyl) carbonate (see below) is formed.] 

[C with trichloromethyl chloroformate (“ diphosgene ^') (3:5516) gives (61% yield 
(274)) /3-<jhloroethyl trichloromethyl carbonate = CICH2CH2O.CO.O.CCI3, b.p. 116° at 
16 mm., 110° at 12 mm., Df = 1.5664, nf? - 1.4748 (274).] 

[C with ^-chloroethyl chloroformate (3:5780) gives (70% yield (121)) di-03-chloroethyl) 
carbonate (3:6790) q.v.] 

With add chlorides of aromatic adds. [C with benzoyl chloride on htg. gives (yields; 
90% (276), 84.5% (277),. 55% (263)) /3-chloroethyl benzoate (3:8860) q.v.] 

Behavior of C with organic esters of inorganic acids. [C with Me2S04 at 120° as directed 
gives (60% yield (126)) /3-chloroethyl methyl ether (/3-methoxyethyl chloride) (3:7265) 
q.vj 

[C with Et2S04 + solid NaOH on htg. gives (278) ethylene ^ycol monoethyl ether 
(“ Cellosolve ”) (1:6410); note, however, that C with EtOH cone. H2SO4 at 145° gives 
(279) /3-chloroethyl qthyl ether (3:7463).] 

[C (1 mole) with ethyl metaphosphate (1 mole) stood 4 days at room temp. (280) of. 
(281) gives /^hloroethyl ethyl hydrogen phosphate (isolated as barium salt); however, 
6 -h ethyl metaphosphate in CHCI3 refluxed 3 hrs. gives (140) /3-chloroethyl dihydrogen 
phosphate (isolated as barium salt).] 

C with organic hypochlorites (or mixtures which yield them) gives ethers [e.g., C with 
ter-butyl hypochlorite (3:7165) + ethylene gives (60.8% yield (282)) /3,/3'-dichlorodiethyl 
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ether (3:6025). — C with Ar,iV-dichlorobenzenesulfonamide -h butene-1 in CHCls at 
-“15® gives (283) (probabl}^ via formn. and addn. of /9-chloroethyl hypochlorite) l-chloro- 
2-08-chloroethoxy)butane, b.p. 195.5°, Df = 1.1223, = 1.453; the use of butene-2 

or of 2-methylpropene (isobutylene) gives analogous products (283) cf. (284).] 

Behavior of C with organometallic compounds (or their equivalents). [C with KCeHs 
splits out KCl yielding (285) /3-phenylethyl ale. (1 :6505).] 

C with arom. RMgX cpds. reacts in analogous fashion yielding the corresp. alcohols 
(e.g., C with CeHgMgBr (287) (288) or CeHBMgCl (289) gives (95% yield (286)) /3-phenyl- 
ethyl ale. (1:6506); C with o-tolyl MgBr gives (20-24% yield (290)) (287) /3-(o-tolyl)- 
ethanol; C with m-tolyl MgBr gives (20-24% yield (290)) j3-(m-tolyl)ethanol; C with p- 
tolyl MgBr gives (yields: 80% (291), 20-24% (290)) (287) i3-(p-tolyl) ethanol; many other 
analogous cases are known). 

[Note that C with C 2 H 6 MgBr gives (292) ClCH 2 CH 20 MgBr which may then be reacted 
with RMgBr types as above (292).] 

[C with diethyl malonate in ale. NaORt (i.e., diethyl disodiomalonate) might be expected 
to yield diethyl bis- (^-hydroxy ethyl) malonate; this compd., however, is unknown since 
it loses 2 EtOH, ring-closing to (271) the spiro-dilactone of bis-(/3-hydroxyethyl)malonic 
acid [Beil. XIXi-(680)], m.p. 109-110°.] — [Note also that C (1 mole) with diethyl malonate 
(1 mole) 4-1% HCl gas undergoes transesterification yielding (405) both /8-chloroethyl 
ethyl malonate, b.p. 105-106° at 3 mm., and 5is-(/9-chloroethyl) malonate, b.p. 142-143° 
at 3 mm.] 

[C with ethyl acetoacetate -f- ale. NaOEt (i.e., ethyl sodio-acetoacetate) boiled 5 hrs. 
gives a prod, (probably lactone of «-(/8-hydroxyethylacetoacetic acid) which with 10% 
HCl after 5 hrs. boiling gives (40% yield (293)) pentanone-4-ol-l (-y-aceto-n-propyl ale.) 
[BeU. 1-831, Ii-(422), l2-(873)], b.p. 115-116“ at 20 mm. <294), Pf = 1.0071 (295), mg’ = 
1.439 (294) (corresp. semicarbazonc, m.p. 167-168° (296)): note that this prod, (which is 
an important intermediate in the prepn. of the antimalarial “ Atabnne ” (297)) is best 
prepd. from ethylene oxide 4- ethyl sodioacctoacetate which gives first (60% yield (294)) 
the lactone of a-(^-hydroxyethyl)acetoacctic acid, b.p. 142-143° at 30 mm., nf? = 1.4562, 
which with warm HCl ring-opens and splits off AcOH giving (96% yield (294)) desired 
7 -aceto-n-propyl ale. (above).] 

[C 4- sodium phenobarbital (Na deriv. of 5-ethyl-5-phenylbarbituric acid) gives (60% 
yield (298)) l-(/3-hydroxyethyl)phenobarbital, m.p. 145.0-145.5° cor. (note that this 
prod, is not obtd. from C -f Ag salt of phenobarbital). — C with theobromine (3,7-di- 
methylxanthine) in aq. NaOH in s.t. at 125° for 6 hrs. gives (47-57% yield (366)) (367) 
l-(/3-hydroxyethyl) theobromine, m.p. 194° (367), 193° (366).] 

Behavior of C with amines. With primary aliphatic amines. [C (1 mole) with aq. 
MeNH 2 (1 mole) at 110° for 12-24 hrs. gives (80% yield (299)).^-(methylamino)ethanol 
[Beil. IV-276, IV2-(718)], b.p. 159° (300) (301), 155-156° at 760 mm. (273) (corresp. 3,5- 
dinitrobenzoate, m.p. 195-196.5° (302); corresp. B.PkOH, 148° (303); corresp. reaction 
prod, with a-naphthyl isothiocyanate, viz., N-03-hydroxyethyl)-A-mothyl-iV'-(a-naphthyl) 
thiourea, m.p. 125° (^3)). — C with excess aq. MeNH 2 on standing in s.t. at 100° for 
several hrs. (304) or C with /3-(methylamino)ethanol (above) in aq. at 120° (299) gives 
methyl-6i8-(/3-hydroxyethyl)amine (N-methyl-diethanolamine) [Beil. IV-284, IV2-(729)1, 
b.p. 116° at 5 mm. (240) (note that this prod, is new commercial chem. in U.S. (240)).] 

[C with EtNH 2 as above should give )3-(ethylamino)ethanol [Beil. IV-282, IV2-(727)], 
b.p. 167-169° cor. at 751 mm., DJ® ~ 0.914, nf? * 1.444, and (306) ethyl-bis-CS-hydroxy- 
ethyl)amine (N-ethyldiethanolamine) [Beil. IV-284], although both these prods, are usually 
prepd. from ethylene oxide.] 

[For analogous reactn. of C with n-heptadecylamine yielding iNr-(/3-hydroxyethyl)-n- 
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heptadecylamine see <306) <307); with cyclohexylamine yielding iV'-03-hydroxyethyl)- 
cyclohexylamine see <308).] 

With primary aromatic amines. [C (1 mole) with aniline (1 mole) refluxed a short time 
<299) <309) <310) <311) <312) <313) gives (yields: 70% <309), 40% <311)) iV-03-hydroxy- 
ethyl)aniline (^-phenylaminoethanol) [Beil. XII-182], b.p. 286® cor. <299), nf? * 1.5749 
<317) (note that by reactn. of a second mole of C some Ar,./V-few-(/3-hydroxyethyl)aniline 
(see below) may also form, and that some JNf,Ar'-diphenylethylenediamine, m.p. 63.4r~ 
64.2®, may also appear <311)); note also that iV-(/e^“hydroxyethyl)aniline on dehydration, 
e.g., by htg. in xylene with P2OB <310), reacts bimolecularly giving in small yield N,N'~ 
diphenylpiperazine, m.p. 160-162® <310). — C (2 moles) with aniline (1 mole) especially in 
pres, of anhydr. Na2C03 <310) or NaOH <314) or aq. at 110® <299) gives iV,iV-6i8-(/J-hy- 
droxyethyl) aniline (A^-phenyldiethanolamine) [Beil. XII-183, XIIi-(167)], m.p. 68® 
<315). 53.5-54® <310): note that this prod, on htg. at 200® under reduced press. <314) or 
htg. with P2OB in xylene <310) or htg. with 70% H2SO4 at 160® <316) loses water and ring- 
closes to A^-phenylmorpholine [Beil. XXVII-6], m.p. 53° <299), 52° <310).] 

[C (1 mole) with o-toluidine (2 moles) at 120-130® for several hrs. <318) <313) gives 
^-(o-tolylamino)ethanol, b.p. 172° at 12 mm. <318), 145-150® at 3 mm. <317), nj? — 1.5675 
<317); note that in pres, of Na2C03 the main <318) prod, (because of bimolecular condens. 
of this prod.) is iV,A^'-di-o-tolylpiperazine [Beil. XXIII-8], m.p. 174®. — C with p-toluidine 
on htg. gives <319) /3-(p-tolylamino)ethanol [Beil. XII-907], b.p. 177-178° at 14 mm. <319), 
m.p. 42-43° <317); note, however, that analogous bimolecular ring closure of this prod, 
readily occurs on htg. yielding <320) i\f,iV'-di(p-tolyl)piperazine [Beil. XXIIl-9], m.p. 
190®.] 

[C with o-methoxyaniline (o-anisidine) at 100® for 48 hrs. gives (75-80% yield <321)) 
<299) /3-(o-methoxyphenylamino)ethanol [Beil. XIII-367], b.p. 306® cor. <299) (corresp. 
B.HCl, m.p. 134°; S.PkOH, m.p. 140® <321)); note that this prod, with 6 pts. cone. HCl 
in s.t. at 160-180° gives by a remarkable elimination of MeOH and monomolecular ring 
closure (38% yield <321)) <299) ** phenmorpholine ” [Beil. XXVII-34], b.p. 268® cor. <299), 
127-128® at 12 mm. <321). — C with p-ethoxyaniline (p-phenetidine ) gives on htg. <319) 
/5-(p-ethoxyphenylamino)ethanol, m.p. 67®, b.p. 190° at 11 mm. <319) cf. <322).] 

Many other cases, analogous to the above examples, are also known but cannot be 
included here. 

With secondary aliphatic amines. Because of the great importance of /S- (dialky lamino)- 
ethanols in the prepn. and study of physiologically active compounds, much study has 
been given to their prepn. from C (and otherwise). From the resulting mass of data, the 
following examples are cited. 

[C with Me2NH gives <323) i8-(dimethylamino)ethanol [Beil. IV-276, IVi-(425), IV2- 
(719)1, b.p. 135® cor. at 758 mm., /> 4^ - 0.8866, wi> = 1.4300 <324) (corresp. p-nitrobenzoyl 
ester, m.p. 58® <325)). — C with Et2NH on htg. <326) under reflux for 8 hrs. <327) or in 
pres, of NaOH under press, at 160® for 3 hrs. <328) gives (yields: 83% <328), 68-70% <327)) 
/3-(diethylamino)ethanol [Beil. IV-282, IV2-(727)J, b.p. 163® at 760 mm. <329), 160® at 
741 mm., 100® at 80 mm., 96® at 73 mm., 55° at 10 mm. <330), 42-44® at 8 mm. <329); 
D26 = 0.8601 <329); n© = 1.4400 <329), 1.4389 <330) (corresp. N-(p-nitrophenyl)carba- 
mate, m.p. 59-60° cor. <329)).] 

[C with di-n-propylamine under reflux ©ves (70% yield <331)) /5-(di-fi-propylammo)- 
ethanol [Beil. IV-282], b.p. 90-92® at 22 mm. <331) (corresp. p-nitrobenzoyl ester hydro- 
chloride, m.p. 133.5-134.6° <325)). — C with di-n-butylamine on htg. gives <332) <333) 
^-(di-n-butylamino)ethanol, b.p. 225-230® at 760 mm., si. dec. <332), 226-228® at 738 mm. 
<325), 90-94® at 7 mm. <333); Dl% « 0.8624 <325); nf? « 1.4444 <325) (corresp. p-nitro- 
benzoyl ester hydrochloride, m.p. 92.5-93.5® <325) <332)). — C with di- (isobutyl )amine 



S:S552 


2-CHLOROETHANOIr-l 


716 


at 120® pvee (60% yield (331)) ^-(di-isobutylamino)ethanol (Beil. IV-283, IVi-(430)J, 
b.p. 203-206® (334), 96-98® at 15 mm. (331) (corresp. p-nitrobenzoyl ester hydrochloride, 
m.p. 160-161® (334)). — C with di-(«ec-butyl)amme gives (335) ^-(di-sec-butylamino)- 
ethanol, b.p. 225-226® cor. at 760 mm. (335), 224-226® at 745 mm. (325), DiS = 0.8780 
(325), tid * 1.4475 (325) (corresp. p-nitrobenzoyl ester, m.p. 51.0-51.5® (325)). — C 
with duBoamylamine on htg. gives (60% yield (331)) (334) /3-(diisoamylamino)ethanol 
(Beil. IV-283, IVi-(430)], b.p. 126-128® at 15 mm. (331) (corresp. p-nitrobenzoyl ester 
hydrochloride, m.p. 123-124® (334) (326)).] 

C with alicyclic secondary amines. [C with di- (cyclohexyl) amine gives (336) /9-(dicyclo- 
he3^1amino)ethanol, b.p. 145-150® at 4 mm. (336). — C with ac-tetrahydro-i3-naphthyl- 
amine (2 moles) in xylene at 110-115® for 3 hrs. (under N 2 ) gives (80-85% yield (337)) 
/9-(ac-tetrahydro-/3-naphthylamino)ethanol hydrochloride, m.p. 183.8-184.8® cor. (337).] 
C with aromatic secondary amines. [C with iV-methylaniline in s.t. at 100® for 35 hrs. 
gives (65% yield (338)) cf. (339) /?-(Ar-methylanilino)ethanol [Beil. XII-182], b.p. 218;^ 
219® at 110 mm. (338), 148-150® at 13 mm. (340); note, however, the claim (^1) that C 
(1 mole) with iV'-methylaniline (1.5 moles) refluxed 10-12 hrs. gives (14% yield (341)) 
iSTjAT'-diphenylpiperazme, m.p. 164-165®. — C with TST-ethylaniline on htg. without solv. 
(^) or in aq. (313) gives /3-(iV’-ethylanilino)ethanol [Beil. XII-183], b.p. 269-271® at 
750 mm. (340), 267-268.5® (338).] 

€ with heterocyclic secondary amines. [C with piperidine at 100® (326), or C with piperidine 
(2 moles) in acetone overnight at room temp. (342), gives /3-(Ar-pipcridino)ethanol 
hydroxyethy])piperidine) [Beil. XX-25], b.p. 199® (326), 89-91® at 20 mm. (343), 90® at 
12 mm. (342), Dii * 0.9732 (343), nfg * 1.4749 (343) (corresp. S.HCl, m.p. 122-124® 
(343), 120® (344), 64-65® (342)) (note unexplained disagreement); B.PkOH, m.p. 100® 
(345), benzoyl ester hydrochloride, m.p. 176® (346), 175-176® (347), 173-174® (348), 171- 
172® (345), 167-168® (342); p-nitrobenzoyl ester hydrochloride, m.p. 175^-176® (342)).] 

(C with morpholine would be expected to yield JV-08-hydroxyethyl)morpholine (4- 
morpholineSthanol) although only vague reference (351) is reported; this prod, can, how- 
ever, be prepd. indirectly from C by ring closure of iris- (jS-hydroxyethylamine) (triethanol- 
amine) with 70% H2SO4 at 160-170® (349) (316), or from triethanolamine hydrochloride 
at 200-205® under pressure (40 mm.) for 14 hrs. (46% yield (350)); 4-morpholine6thanol 
[Beil. XXVII-7] is now comml. prod, in U.S. (351); b.p. 227® cor. at 757 mm. (349), 118- 
120“ at 24 mm. (350); I)% - 1.0681 (360), = 1.4770 (350) (corresp. benzoyl ester 

hydrochloride, m.p. 205® (346), 204.6-205.8® (350); corresp. p-nitrobenzoyl ester hydro- 
chloride, m.p. 214.6-215.4® (350)).] 

With tertiary amines. C with tertiary amines behaves as an alkyl halide giving by 
addition to the tertiaiy amine nitrogen the corresp. quaternary ammonium salt. [E.g., 
C (1 mole) with pyridine (1 mole) at 135® for 1 hr. (343) (352) cf. (344) (353) gives (100% 
yield (343)) /3-hydroxyethyl-pyridinium chloride [Beil. XX-220, XXi-(75)l, hygroscopic 
flakes from abs. EtOH by addn. of dry ether, m.p. 124-125® (343).] 

[C with 3-carbomethoxypyridine (methyl nicotinate) 1 hr. at 120® gives (343) /3-hydroxy- 
ethyl-3-carbomethoxypyri^nium chloride. — C with iV^,.V-dimethyl-n-dodecylamine (354), 
or C with iV’,iV-dime^yl-n-octadecylamine (354), or C with iNr-(7i-heptadecylbenzimidazole) 
(355) gives corresp. quai. salts.] 

Behavior of C with amides and sulfonamides. [For use of C as means of introduction 
of /3-hydroxyethyl group into amides, diamides, ureas, etc., see (356).] 

{C with sodium p-toluenesulfonamide at 120® for 6 hrs. under press. (357) gives iV-(/?- 
hydro3^ethyl)-p-toluenesulfonamide; this prod, on conversion to its sodio deriv. and 
further similar treatment with C (367) or C with p-toluenesulfonamide + NaOH (358) 



717 


LIQUIDS WITH > 1.16 


S:556Z 


gives iV,iV'-6t«-(/J-hydroxyethyl)-p-toluenesiilfonamide, cryst. from acetone, m.p. 101® 
(357); note that this last prod, upon ring closure with 100% H2SO4 at 160-170® gives N- 
(p-toluene8ulfonyl)morpholine, hydrolysis of which yields (358) morpholine.] 

[C with the di-sodium deriv. of N,N^ &ts-(p-toluenesulfonyl)ethylenediamine at 100- 
110® for 10 hrs under press, gives (359) iSr,iV'-6fs-(p-toluenesulfonyl)ethylenediamme, 
m.p. 144®.] 

[0 (1 mole) with thiourea (1 mole) at not above 136® for 30 min. 3rields (360) 5-03- 
hydroxyethyl)isothiouronium chloride, m.p. Ill® (360).] 

Behavior of C with other miscellaneous nitrogen compounds (see also under C + 
organometallic cpds. above). [0 with ethereal diazomethane undergoes conventional 
methylation of the hydroxyl group 3rielding (361) /3-chloroethyl methyl ether (3:7265).] 

[C with aq. Na2N.CN in cold (362) cf. (363) or with CaNCN on warming (362) gives 
a soln. of the monosodium deriv. of /3-(cyanamido)ethanol, HC)CH2CH2 — ^NH — CN or 
HOCH2CH2 — ^N=C==NH; although the parent cannot be isolated the soln. of its Na salt 
gives with acyl halides derivatives which can: e.g., with benzoyl chloride (2 moles) + aq. 
NaOH the soln. gives (362) the corresp. dibenzoyl deriv., m.p. 165®; with p-toluenesulfonyl 
chloride +faq. NaOH the soln. gives (362) a mono-(p-toluene8ulfonyl) deriv.,, m.p. 128® 
(which undoubtedly has the ring-closed structure of 3-(p-toluene&ulfonyl-(l,3-oxazolidone- 
2)imide).] 

[C with acetyl isocyanate adds as an alcohol yielding (364) /3-chloroethyl N-acetyl- 
carbamate, m.p. 73-74®. — C with benzoyl isothiocyanate adds as an ale. at ord. temp, 
yielding (365) jS-chloroethyl N-benzoylthioncarbamate, m.p. 179-180®.] 

jS-Chloroethyl acetate: b.p. 145® (see 3:5736). 

/3-Chloroethyl benzoate: b.p. 256® (see 3:8860). 

® /3-Chloroethyl ^-nitrobenzoate [Beil. IX-390, IXi-(158)]: ndls. from dil. ale., m.p. 66® 
(368) (369) (370), 55-56® cor. (371), 54.5-55.5® (103), 54-55® (372). [From C with 
p-nitrobenzoyl chloride on warming (368) (371) (370); also from ethylene glycol 
(1:6465) + p-nitrobenzoic acid 4- HCl gas at 110® (372).] 

® /3-Chloroethyl 3,6-dinitrobenzoate : m.p. 92® (373). [From C with 3,5-dinitrobenzoyl 
chloride on htg. (373).] 

/3-Chloroethyl hydrogen 3-nitrophthalate: unreported. 

® /3-Chloroethyl hydrogen 4-nitrophthalate: m.p. 97-98® (374). [From C with 4- 
nitrophthalic anhydride in CeHe under reflux for 1 hr. (374).] 

/3-Chloroethyl benzenesulfonate: oil, b.p. 184® u.c. at 9 mm. (375), 184® at 8-11 

mm. (376), = 1.353 (375). [From C with bcnzenesulfonyl chloride under reflux 

for 3 hrs. (68% yield (377)) or on shaking with aq. NaOH in cold (68% yield (375)) 
(276); for study of decompn. into vinyl chloride (3:7010), acetaldehyde (1:0100), 
etc., on htg. see (378).] 

/3-Chloroethyl ^-toluenesulfonate: oil, b.p. 210? at 21 mm. (379) (380) (383), 

192® at 15 mm. (386), 140® at 1.5 mm. (381), ng « 1.5280 (381), m.p. 4-22.5® (381). 
[From C with p-toluenesulfonyl chloride on refluxing 3 hrs. (87% yield (379)) (383) 
(382) or on shaking with aq. NaOH in cold (376); for reactions of this ester with 
RMgX cpds. see (384) (385) (386).] 

/3-Chloroethyl carbamate [Beil. III-24, IIl2-(21)l: m.p. 76® (125) (272) (387) (388). 

[Prepd. indirectly.] 

— /3-Chloroethyl N-phenylcarbamate [Beil. XII-3201: m.p. 51® (272) (389), 49.5- 
50.5® (103) (for data on optical props, see (389)) ; b.p. 133-135® at 2 mm. (390). [Note 
that iJiifl prod, has never been reported as prepd. by direct actn. of C with phenyl 
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isocyanate but always by indirect means; note also that on short boilg. with aq. or ale. 
alk. it loses HCl and by ring closure 3 rields 3-phenyloxazolidone (Beil. XXVII-136], 
Ifts. from ale., m.p. 124*’ <272), 122^ (309).] 

/9-Chloroethyl iV-(^-brombphenyl)carbamate: pi. from Igr., m.p. 88-89® (400). (From 
C with P'bromobenzazidc (400).] 

O /3-Chloroethyl iV-(a-naphthyl)carbamate (Beil. XII-1236]: m.p. 102-103® (373), 
101® (391) (93), lOO-lOr (309). (From C with a-naphthyl isocyanate (391) (373); 
also from /3-chloroethyl chloroformate (3:5780) with a-naphthylamine (309); note 
also that with dil. KOH (309) this prod, loses HCl ring-closing to 3- (a-naphthyl )- 
oxazolidone-2 (Beil. XXVII-136], m.p. 125® (309), while with cone. KOH it merely 
undergoes hydrolysis of chlorine yielding i\r-(|8-hydroxyethyl)-a-naphthylamine, m.p. 
62® (309).] 

/9-Chloroethyl JV-(/y-naphthyl) carbamate (Beil. XII-1292]: m.p. 98® (309). (Prepd. 

indirectly from /3-chloroethyl chloroformate (3:5780) with j3-naphthylamine (309); 
for behavior with dil. and cone. KOH analogous to preceding case see (309).] 

® /3-Chloroethyl Af-carbamidocarbamate (jS-chloroethyl allophanate) (Beil. IIl2-(56)]: 
m.p. 182.5® (392), 181-182° (388). (From C with vapors of isocyanic acid (392) or 
from /3-chloroethyl chloroformate (3:5780) with urea (388).] 

iV-(/3-hydroxyethyl)phthalimide — (ja-(Af-phthalimido) ethanol) [Beil. XXI-469, 

XXIi-(368)]: m.p. 129.5® cor. (394), 127-128® (395), 126.5-127.5® (357), 12^127® 
(396), 125-126° (397) (note that m.p. given by (393) is incorrect). [From C with 
K phthalimide in s.t. at 150® for 4 hrs. (393): note that the m.p. of 88-89® reported 
by the only worker (393) using this method is not far from that (81® (395)) of 
chloroethyl) phthalimide leaving some question as to which prod, was really obtd.] 

® iV-(/3-hydroxyethyl)tetrachlorophthalix]dde: m.p. 208-209® (398). [From C with 
K tetrachlorophthalimide in s.t. at 200° for 6 hrs. (398).] 

j9-Chloroethyl triphenylmethyl ether: m.p. 132® (399). (From C with a-bromo- 

triphenylmethane (399).] 
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(1933). <290) Shoesmith, Connor, J. Chem. Soc. 1927, 1770. , 

(291) von Braun, Wirz, Ber. 60, 106 (1927). (292) Chichibabine, Elgasine, Lengold, BuU. 

80C. chim. (4) 43, 238-242 (1928). (293) Bennett, Phillip, J. Chem. Soc. 1928, 1937-1938. (294). 

Knunyantz, Chelintzev, Osetrova, Compt. rend. acad. set. U.R.S.S. N.S. 1, 312-317 (1934); 
Cent. 1934, II 2381 ; C.A. 28, 4382-A383 (1934). (295) Filipov, /. prakt. Chem. (2) 93, 176 (1916). 

(296) Paul, BuU. soc. chim. (5) 2, 753 (1935). (297) Knunyantz, Chelintzev, Benevolenska, 
Osetrova, Kursanova, BuU. acad. sd. U.H.S.S., Classe set. math. nat. 1934, 165-176; Cent. 1935, 

I 1896—1897; C.A. 28, 4837 (1934). (298) Henze, Spurlock, J, Am. Chem. Soc. 63, 3360-3361 

(1941). (299) Knorr, Ber. 22, 2088-2095 (1889). (300) Slotta, Behnisch, J. prakt. Chem. (2) 
135, 234 (1932). 

(301) Goldberg, Whitmore, J. Am. Chem. Soc. 59, 2280-2282 (1937). (302) Schlittler, Helv. 
Chim. Acta 24, 327-328E (1941). (303) Blount, Openshaw, Todd, J. Chem. Soc. 1949, 289. 

(304) Morley, Ber. 13, 222-223 (1880). (305) Ladenburg, Ber. 14, 1878 (1881) (306) I.G., 

Brit. 361,261, Dec. 10, 1931; Cent. 1932, 1, 1438; C.A. 27, 1112 (1933): French 716,560, Dec. 23, 
1931; Cent. 1932, I 1438, C.A. 26, 2288 (1932). (307) I.G., Brit. 358,114, Oct. 29, 1931; Cent. 

1932, I 449; C.A. 26, 4926 (1932). (308) I.G., Bnt. 297,484, Oct. 18, 1928; Cent. 1929, I 1863; 

C.A. 23, 2722 (1929); French 638,023, May 14, 1928; Cent. 1928, II 834; C.A. 23, 248 (1929). 
(309) Otto, J. prakt. Chem. (2) 44, 17-18 (1891). (310) Rindfusz, Harnack, J. Am. Chem. Soc. 
42, 1724 (1920). 

(311) Shoruigin, Smirnov, J. Gen. Chem. {U.S.S.R.) 4, 830-833 (1934); Cent. 1935, II 3763; 
C.A. 29, 2155 (1935). (312) Bergmann, Ger. 382,693, Oct. 5, 1923; CerU. 1924. I 1594; not in 

C.A. (313) B.A S.F., Gcr. 103,043, Sept. 16, 1905, Cent. 1905, II 1062. (314) Adkins, Siming- 

ton, J. Am. Chem. Soc. 47, 1687-1688 (1925). (315) Gabel, Ber. 58, 577-579 (1925). (316) 

Knorr, Ger. 95,854, March 30, 1897; Cent 1898, I 813. (317) Adams, Segur, J. Am. Chem. Soc. 

45, 788 (1923). (318) Dams, Brewster, Blair, Thompson, J. Am Chem. Soc. 44, 2639 (1922). 

(319) Muller (to J. D. Riedel, A.C ), Ger. 414,259, June 2, 1925, Cent. 1925, II 765; not in C.A. 

(320) Wurtz, Compt. rend. 68, 1506 (1869); Ann. Suppl. 7, 94-95 (1870). 

(321) von Braun, Seemann, Ber. 55, 3821 (1922). (322) Bergmaim, Ulpts, Camacho, Ber. 

55, 2810-2812 (1922). (323) Ladenburg, Ber. 14, 2408-2409 (1881). (324) Knorr, Mathes, 

Ber. 34, 3482-3484 (1901). (325) Burnett, Jenkins, Peet, Dreyer, Adams, J. Am. Chem. Soc. 
59, 2250 (1937). (326) Ladenburg, Ber. 14, 1877-1879 (1881). (327) Hartmann, Org. Syntheses, 

Coll. Vol. 2, 183-184 (1943); 14, 28-29 (1934). (328) Soderman, Johnson, J. Am. Chem. Soc. 

47, 1393-1394 (1925). (329) Horne, Shriner, J. Am. Chem. Soc. 54, 2928 (1932). (330) Headlee, 

Collett, Lazzell, J. Am. Chem. Soc. 55, 1067 (1933). 

(331) Samdahl, Weider, BuU. soc. chim. (5) 2, 2014-2016 (1935). (332) Adams, Kamm, 

Volwiler (to Abbott Laboratories, Inc.), U.S. 1,358,750, Nov. 16, 1920; Cent. 1921, II 804; C.A. 
15, 412 (1921). (333) Soc. Chem. Ind. Basel, Brit. 451,925, Sept. 10, 1936; Cent. 1937, I 662; 

C.A. 31, 416 (1937). Bnt. 448,181, July 2, 1936; Cent. 1937, I 662; C.A 30, 7124 (1936). (334) 

Einhorn, Fiedler, Ladisch, Uhlfelder, Ann. 371, 146-148 (1909). (335) Adams, Jenkins, Vol- 

wiler (to Abbott Laboratories, Inc.), U.S. 1,513,730, Nov. 4, 1924, Cent 1925, I 1133; C.A. 19, 
153 (1925). (336) Bockmuhl, Kross, Ehrhart (to I G.), Ger. 593,192, March 8, 1934; Cent. 

1934, I 3770; C.A. 28, 4540 (1934): Brit. 404,674, Feb. 15, 1934; Cent. 1934, 1 3770; C.A. 28, 

4178 (1934): Swiss 161,737, + 161,738, July 17, 1933; Cent. 1933, II 3597; not in C.A. (337) 
Coles, Lott, J. Am. Chem. Soc. 58, 1989 (1936). (338) Laiin, Ber 17, 676-077 (1884). (339) 

Slotta, Behnisch, Ann. 497, 174 (1932). (340) Gabel, Bull. soc. chim (4) 41, 936-940 (1927). 

(341) Wedekind, Bruch, Ann. 471, 76-77, 88-89 (1929). (342) Vassiliades, BuU. soc. chim. 

(5) 4, 1132-1133 (1937). (343) Barnes, Adams, J. Am. Chem. Soc. 49, 1310-1312 (1927). (344) 

Roithner, Monatsh. 15, 667-668 (1894). (345) von Braun, Braunsdorff, Rath, Ber. 55, 1674 

(1922). (346) Leffler, Brill, J. Am. Chem. Soc. 55, 367 (1931). (347) Pyman, J. Chem. Soc. 97, 

1801 (1908). (348) DTanni, Adkins, J. Am. Chem. Soc. 61, 1679 (1939). (349) Knorr. Ann. 

301, 9 (1898). (350) Gardner, Maenni, J. Am. Chem. Soc. 53, 2765-2766 (1931). 

(351) Wilson, Ind. Eng. Chem. 27, 871 (1935). (352) Litterscheid. Arch. Pharm. 240, 78 
(1902). (353) Coppola, Gazz. chim. ital. 15, 331-332 (1885). (354) du Pont Co., Brit. 477,981, 
Feb. 10, 1938; Cent. 1938, II 183; not in C.A. (355) Soc. Chem, Ind. Basel, French 784,869, 
July 27, 1935; Cent. 1935, II 3864; [C.A. 30. 487 (1936)]; Swiss 175.026, April 16, 1935; Cent. 

1935, II 2156; C.A. 30, 304 (1936). (356) Dreyfus, Brit. 482,126, ApiU 21, 1938; Cent. 1938, 

II 1484; C.A. 32, 6258 (1938). (357) Peacock, Dutta, J. Chem. Soc. 1934, 1303-1304. (358) 
Payman, Piggott (to Imperial Chem. Ind.), U.S. 1,859,527, May 24, 1932; C.A. 26, 3808 (1932); 
not in CerU.: Brit. 298,336, Nov. 1, 1928. CerU. 1929, I 1616; C.A. 23, 2723 (1929). (359) Pea- 
cock, Givan, J. Chem. Soc. 1937, 1470. (360) Olin, Dains, J. Am. Chem. Soc. 52, 3322 (1930), 
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<361) Meerwein, Hina, Ann. 484, 17. 22-23 (1930). (362) Fromm, Honold, Ber. 6S, 906-909 
(1922). (363) Fromm, Ann. 442. 139-140 (1926). (364) Ercoli, Ann. chim. applicaia 25. 263- 

273 (19S5) ; Cent. 1935. II 3090; C.A. 30, 1028 (1936). (365) Yang, Johnson, J. Am. Chem. Soc. 
54, 2071 (1932). (366) kojahn, Fegeler, Arch. Pharm. 268, 568-569 (1930). (367) B6hal (to 

^;tab. Poulenc Frferes), Fiench 669.463. April 12, 1924; 27,349, June 6, 1924; Cent. 1925, 1 1637; 
not in C.A. (368) Einhorn, Uhlfelder, Ann. 371, 133 (1910). (369) Altwegg, Landrivon, U.S. 
1,393.191, Nov. 11, 1921; Cent. 1922, IV 947; C.A. IS, 422 (1922). (370) M.L.B., Ger. 194,748. 
Jan. 21, 1908; Cent. 1908, I 1004; [C.A. 2, 1894 (1908)]; Ger. 179,627, Dec. 11. 1906; Cent. 1907. 

I 1364; [C.A. 1, 2056 (1907)]. 

(371) Cope, McElvain, J. Am. Chem. Soc. 53, 1690 (1931). (372) Rosenzeneig, Legerlotz, 
Austrian 101,671, Nov. 25, 1925; Cent. 1926, II 1585; not in C.A. (373) Jones, Burns, J. Am. 
Chem. Soc. 47, 2973 (1925). (374) BUcke, Castro, J. Am. Chem. Soc. 63, 2438 (1941). (375) 

Fdldi, Ber. 53, 1837 (1920). (376) von Kereszty, Wolf, Ger. 353,196, May 12, 1922; Cent. 1922, 

IV 166; C.A. 17, 1243 (1923). (377) Gilman, Perkins, J. Am. Chem. Soc. 47, 261 (1926). (378) 
Fdldi, Ber. 60, 669 (1927). (379) Clemo, Perkin, J. Chem. Soc. 121, 644 (1922). (380) Clemo, 
Tenniswood, J. Chem. Soc. 1931, 2650. 

(381) Tipson, Cretcher, J. Am. Chem. Soc. 64, 1162 (1942). (382) Gilman, Beaber, J. Am. 

Chem. Soc. 45, 841 (1923). (383) Perkin, Clemo (to British Dyestuffs Corp.), Brit. 193,618, 

March 22, 1923; Cent. 1925, 1 899; C.A. 17, 3510 (1923). (384) Ashworth, Burkhardt, J. Chem. 
Soc. 1928, 1798. (385) Johnson, Schwartz, Jacobs, J. Am. Chem. Soc. 60, 1883 (1938). (386) 
Bert. Compt. rend. 213, 1015-1016 (1941); C.A. 37, 4049 (1943). (387) Puyal, Montagne, BuU. 

soc. chim. (4) 27, 862 (1924). (388) von Kereszty. Wolf, Ger. 387,963, Jan. 7, 1924, CerU. 1924, 

II 403; not in C.A. (389) Dewey, Witt, Ind. Eng. Chem., Anal. Ed. 14, 648 (1942). (390) 
Sprinson, J. Am. Chem. Soc. 63, 2250 (1941). 

(391) Bickel, French, J. Am. Chem. Soc. 749 (1926). (392) Grandifere, Bull. soc. chim. 

(4) 35, 189 (1924). (393) Dersin, Ber. 64, 3158 (1921). (394) Smith, Platon, Ber. 66, 3151 

(1922). (395) Wenker, J. Am. Chem. Soc. 69, 422 (1937). (396) BiUman, Parker, J. Am. Chem. 
Soc. is, 762 (1943). (397) Garelli, Racciu, Atti accad. set. Torino, Classe sci. fis. mat. nat. 69, 

I 368>363 (1934); Cent. 1934, II 2823; [C.A. 29, 6223 (1934)]. (398) Allen, NichoUs, J. Am. 
Chem. Soc. 66, 1409-1410 (1934). (399) Bennett, Reynolds, J. Chem. Soc. 1935, 140-141. 
(400) Sah, Tao, Rec. trav. chim. 68, 14-16 (1939). 

(401) Murray, J. Council Sci. Ind. Research 17, 213-221 (1944); C.A. 39, 2283 (1946). (402) 
Reed (to C. L. Horn) U.S. 2,378,104, Juue 12, 1945; C.A. 39, 4088 (1946). (403) Goldblatt, 
Chiesman, Brit. J. Ind. Med. 1, 207-213 (1944): Goldblatt, Br%t. J. Ind. Med. 1, 213-223 (1944): 
C.A. 39, 6359 (1946). (404) Porret, Helv. Chim. Acta, 27, 1321-1328 (1944); C.A. 39, 4789 
(1945). (405) Michael, Weiner, J. Am. Chem. Soc. 68, 1003 (1936). 


3:5656 1,1,1,2-TETRACHLOROETHANE CLCHz.CCla C 2 H 2 CI 4 
(Acetylidene tetrachloride) 

(unsj/m.-Tetrachloroethane) 

B.P. F.P. 

180.13“ cor. at 760 mm. (1) (2) -68.1° <1) jjf - 1.65313 (1) ng* 
lao-iao.r" at too mm. (3) 
iaO-130° <4) <5) 

36-36° at 20 mm. (3) 

Volatile with steam. — [Earlier b.p.'s around 136® were probably on impure material.) 
[For use of C as dry cleaning fluid see (6); in manufacture of low-luster rayon see (7).] 

[For prepn. of C from 1,1,1-trichloroethane (3:5085) by actn. of CI 2 in sunlight (8) 
(45% yield (1)) or by chlorination of ethyl chloride (3:7016) (1), ethylene dichloride 
(3:5130) (9), 1,1-dichloroethylene (3:5005) (10), or 1,1-diiodoethylene (11) see indie, 
refs.: for formn. of C from 1,1,2,2-tetrachloroethane (3:5750) -h AlCla (12) (13) or with 
aq. Ca(OCl )2 (13) see (12) (13): from trichloroethylene (3:6170) over pumice at 700® (5) 
or by cat. ^dn. of HCl (2) see (6) (2): from 1,2-dichloroethylene (3:5030) -f HCl -f- 
AICI3 see (14).] 

[Fpr formation of C together with other products by actn. of CI 2 on /9,i9'-dichlorodiethyl 
sulfide C mustard gas **) see (3) (4).] 


Beil. I - 86 

11- (?84) 

12- (66) 


= 1.48211 (1) 
1.4828 (2) 
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[For reactn. of C with acetylene + cat. to yield l,2-<lichloroethylene (3:6030) with 
1,1, 2- trichloroethylene as by-product see (15); for reactn. of C with 1,2-^chloroethylene + 
AlCls to yield a pentacUorobutane, b.p. 76-77.9® at 10 mm., =» 1.611, - 1.5648, 

see (16); for reactn. of C with CeHsMgBr in toluene see (17).] 

3:5656 (1) Henne, Hubbard, J. Am. Chem. Soc. 58, 404-406 (1936). (2) ICharasch, Norton, 

Mayo, J. Org. Chem. 3, 48-54 (1938). (3) Phillips, Davies, Mumford, J. Chem. Soc. 1929, 548. 

(4) Mann, Pope, J . Chem. Soc. 121, 597 (1922). (5) Nicodemus, J. prakt. Chem. (2) 83, 318 (1911). 
(6) Parkhurst (to Stand. Oil Cal.), U.S. 1,948,045, Feb. 20, 1934; Cent. 1934, II 863; C.A. 28, 
2924 (1934). (7) Kline (to du Pont Rayon), U.S. 2,042,944, June 2, 1936; Cent. 1937, I 478; 

C.A. 30, 5038 (1936). (8) Regnault, Ann. chim. (2) 69, 162 (1838). (9) Laurent, Ann, 22, 292- 

305 (1857). (10) I.G., Ger. 530,649, July 31, 1931; Cent. 1931, II 1920. 

(11) Kaufmann, Ber. 55, 258 (1922). (12) Mouneyrat, BuU. soc. chim. (3) 19, 499-500 (1898). 
(13) Kokatnur, J. Am. Chem. Soc. 41, 122-123 (1919). (14) Prins, Rec. irav. chim. 45, 80-81 

(1926). (15) Wiegand (to Chem. Fabrik von Heyden), Ger. 566,034, Doc. 14, 1932; Cent. 1933, 

I 1350: Ger. 567,272, Dec. 30, 1932; Cent. 1933, I 1842. (16) Prins, Rec. trav. chim. 56, 123-124 

(1937). (17) Bert, BuU. soc. chim. (4) 41, 1173-1174 (1927). 

3:6670 d,f-a-CHLORO-n.BUTYRYL CHLORIDE C 4 H 6 OCI 2 

CH3.CH2.CH.C=0 

ii ii 

B.P. 189-132° (1) D" = 1.257 (1) 

62-63° at 70 mm. (2) 

51-52° at 41 mm. (2) 

[For prepn. of C from a-chloro-ti-butyric acid (3:9130) with SOCI2 see (2); for formn. 
of C from n-butyryl chloride (3:7370) with SO2CI2 + dibenzoyl peroxide in CCI4 (16% 
C + 65% /3- and 30% 7-isomers) see (3).] 

C on hydrolysis with aq. yields a-chloro-n-butyric acid (3:9130) q.v. 

3:5576 (1) Markownikow, Ann. 153, 241 (1870). (2) Blaise, Bull. soc. chim. (4) 15, 668 (1914). 
(3) Kharasch, Brown, J. Am. Chem. Soc. 62, 925-929 (1940). 


Beil, n - 277 
ni-(i23) 

Hj- 


3:6676 /3-CHLOROPROPIONALDEHYDE CaHfiOCl 

(3-Chloropropanal-l ; CH2.CH2.CHO 

acrolein hydrochloride) 

BJ». 130-131° (1) Z)L® = 1.868 (1) 

125-130° <2) 

50° at 60 mm. <3) 

40-44® at 18 mm. (4) 

40® at 19 mm. (1) 

40-60® at 10 mm. (2) 

Liquid; insol. aq.; sol. ale. or ether. — C readily polymerizes (see below). 

PREPARATION OF C 

[For prepn. of 0 from acrolein (1:0115) with dry HCl gas at —10 to —15® (yields: 87% 
(6), 66% (4)) (6) (7) (8) (9) (10) see indie, refs.; note that since HCl is present much of 
the prod, may appear as the trimer (see below) ; for prepn. of C from its trimer (see below) 
by ^stillation at ord. press, see (1); for prepn. of C from 1,3-dichloropropene-l (3:5280) 
by cat. vapor-phase hydration see (20).] 


Beil. 1-633 

11— 

12- (690) 
nl? * 1.476 (1) 
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CHEMICAL BEHAVIOR OF C 

Polymerization. C in the pres, of even traces of HCl readily polymerizes to a trimer 
<2), white cryst. from abs. EtOH <6) or MeOH at -10° (1), very sol. in ether, acetone, 
AcOH, CHCls, pet. ether, or CsHe (1); m.p. 36° (1), 35.5° (6), 34.5-35.5° <11), 33.5° <2), 
32° (10); b.p. (without depolymerization) 170-175° at 12-15 mm. (2); note that this trimer 
on distillation at ord. press, depolymerizes into C (1). 

Oxidation. C on oxidn. with fumg. HNO3 (5) (6) (7) (8) (9) (12) or with cone. HNO3 
(13) gives (yields: 65-70% (7), 60-65% (8), 50% (6)) /3-chloropropionic acid (3:0460). — 
C readily reduces AgNOa or Fehling’s soln. 

Behavior with other inorganic reactants. C adds NaHSOs, but the resultant compd. 
with dil. H2SO4 does not regenerate C [for formn. of the KHSO3 cpd. of C from /3-chloro- 
propionaldehyde diethylacetal (3:9490) see (14)]. 

[6 with solid KOH on htg. gives (10) a polymer of acrolein (metaacrolein ).l 

[C with PCls gives (15) (16) 1,1,3-trichloropropane (3:5660).] 

Behavior with organic reactants. Acetal fortnahon. [C in MeOH with HCl gas pre- 
sumably would yield /3-chloropropionaldehyde diinethylacetal (Beil. Ii-335, l2-(690)], 
b.p. 86° at 100 mm. (17), 51° at 19 mm. (1), 45° at 12 mm (18), = 1.059 (18), = 

1.064 (1), no = 1.41631 (18), nL® = 1.427 (1), although such direct prepn. has not actually 
been repprted; the prod, is usually obtd. from acrolein (1:0115) in MeOH with dry HCl 
gas (1) (17) (18) cf. (19). — Note, however, that in this process there is also formed some 
a,7-dichloro-/i-propyl methyl ether [Beil. l2-(690)] (1), b.p. 55° at 19 mm. (1), 45° at 12 mm. 
(18), = 1.186 (1), nf? := 1.4478 (18), nL® = 1.450 (1).] 

[C in EtOH with IICl gas presumably would yield similarly /3-chloropropionaldehyde 
diethylacetal (3:9490) q.v., although such direct formn. has not actually been reported.] 

Behavior with NaOAc/AcOH. [C with NaOAc/AcOH on htg. ppts. NaCl and gives 
(1) (by loss of HCl) some acrolein (1:0115) and (as a result of the HCl) some trimer (see 
above).] 

Behavior with acetic anhydride. [C with AC2O (1:1015) refluxed several hrs. gives (1) 
a mixt. of prods, including a-chloroallyl acetate, allylidene diacetate, /3-chloropropylidene 
diacetate, m.p. 43°, and the trimer of C.] 

Behavior with RMgX reactants. [C with RMgX cpds. in ether, followed by hydrolysis, 
reacts normally by addn. to the aldehyde group; e.g., C with EtMgBr gives (3) 1-chloro- 
pentanol-3 [Beil. Ii-(184), l2-(42] )], b.p. 173° at 760 mm., C with excess n-AmMgBr gives 
(43% yield (4)) l-chloro-octanol-3, b.p. 110-115° at 14 mm. (4) ] 

3:5576 (l) Kirrmanii, Cloudard, Chahidzadeh, Bull, soc chim. (5) 2, 2147-2150 (1935). (2) 

Grimaux, Adam, Bull. soc. chitn. (2) 36, 22-24 (1881). (3) Fourneau, Hamart-Lucas, Bull. soc. 

chim. (4) 25, 366 (1919). (4) Sliriner, Rcndleman, Berger, J. Org. Chern 4, 104 (1939). (5) 

Moureu, Bull. soc. chim. (3) 9, 387-388 (1893); Ann. chim. (7) 2, 1.56 -158 (1894). (6) Moureu, 

Murat, Tampier, Ann. chim. (9) 15, 222-224 (1921); Compt. rend. 172, 1267 G921). (7) Moureu, 

Chaux, Bull. soc. chim. (4) 35, 1362-1364 (1924). (8) Moureu, Chaux, Org. Syntheses, Coll. 

Vol. 1 (2nd ed.), 166-168 (1941), (1st Ed.) 160-162 (1932); 8, 54 56 (1928). (9) Wohlk, J. 

prakt. Chem. (2) 61, 205-209 (1900). (10) Geuther, Cartmell, Ann. 112, 3-G (1859). 

( 11 ) Krestownikoff, J. Russ. Phys.-Chem. Soc. 11, 248 (1879); .lahrcsher. 1879, 552. (12) 

Arndt, Ber. 56, 1276-1277, Note (1923). (13) Rohm & Haas Co., Brit. 526,122, Sept. 11, 1940; 

C.A. 35, 6981 (1940). (14) Crawford, Kenyon, J. Chem. Soc. 1927, 399-400. (15) van Rom- 

burgh, BvU. soc. chim, (2) 37, 103 (1882). (16) Geuther, Zeit. Mr Chemie 1865, 29. (17) Wohl, 

Member, Ber. €7, 3348-3349 (1914). (18) Dulidre, BiUl. soc. chim. (4) 33, 1651 (1923), (19) 

Voet, BuU. 80C. chim. (4) 41, 1308-1314 (1927). (20) Anderson, Stager, McAllister (to Shell 
Development Co.) U.S. 2,359,469, Oct. 3, 1944; C.A. 39, 708 (1945). 
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3 : 6681(^:6680 


3:6686 MBTHYL CHLOROACBTATB CH^COOCH( CiHtOsCl 


k 


B.P. 

131.5* 

131* 

130.8* 

130.0* 

130.0* 


( 1 ) 

( 2 ) 

(3) 

at 760 mm. (4) 
at 740 mm. (5) 


F.P. 

-32.65* <1) 




129.6-129.8* at 766 mm. <6) 
129* (7) 


1.2358 (6); 
1.2340 {S} 


Beil, n - 197 

ni-( 88) 

n2-(i9i) 

» 1.42207 <6) 

(8) 


[For prepn. of C from chloroacetic acid (3:1370) with MeOH (43-46% yield (2)), with 
MeOH -h HCl (68.5% yield (2)) (5) (9), with MeOH + BFs.EtgO (65% yield (2)), or with 
Me2S04 in a.t. at 200° (10) see indie, refs. ; from chloroacetyl chloride (3:6235) + MeOH see 
(7); from chloroacetamide 4- MeOH -fBFa (64% yield) see (2); from a,/3-dichlorovinyl 
ethyl ether (3:5540) with MeOH see (11) (12).] 

[For constant-boilg. mixts. of C with various org. cpds. see Beil. Il2-(191) or (13) (14).] 
C on shaking with 2 vols. cold cone. NH4OH yields (7) (16) (more readily (15) than 
ethyl chloroacetate (3:5700)) chloroacetamide, m.p. 121° (16). — C on htg. with 2 moles 
aniline at 100°, extracted with aq. to remove aniline hydrochloride, yields an oil which 
on steam distillation gives in the distillate (7) methyl anilinoacetate (phenylglycine methyl 
ester) [Beil. XII-470, XIIi-(263)], m.p. 48* (7). [This prod, on boilg. with excess aniline 
yields (7) anilinoacetanilide (phenylglycine anilide) [Beil. XII-556], m.p. 110-111* (7).] 

C on hydrolysis (probably best with N/lO Ba(OH)2 cf. (17)) yields methyl ale. (1:6120) 
and chloroacetic acid (3:1370). [For studies of hydrolysis under various conditions see 
(18) (19); for study of alcoholysis of C with EtOH -f HCl see (20).] 

3:5585 (1) Timmermans, Bull. soc. chim. Belg. 31, 392 (1922). (2) Toole, Sowa, J. Am. Chem. 

Soc. 59, 1971-1973 (1937). (3) Cheng, Z. phystk. Chem. B-24. 305 (1934). (4) Lecat, Ann. 

soc. sci. Bruxelles 47, I 112 (1927). (5) Schreiner, Ann. 197, 7-8 (1879). (6) Karvonen, Ann. 

Acad. Sci. Fennicae A-10, No. 4, 20 (1916); Cent. 1919, III, 808. (7) Meyer, Ber. 8, 1152-1158 

(1875). (8) Schjanberg, Z. physik. Chem. A-172, 228 (1935). (9) Henry, Ber. 6, 742 (1873). 

(10) Simon, Compt. rend. 176, 585 (1923). 

( 11 ) Crompton, Vanderstiohele, J. Chem. Soc. 117, 692 (1920). (12) Imbert, Consortium 

filr Elektiochem. Ind., Gor. 212,592, Sept. 6, 1909; Cent. 1999, II 1024. (13) Lecat, Rec. trav. 

chim. 45, 622 (1926), 46, 243 (1927). (14) Lecat, Ann. soc sci. BiuxeUes 47, I 25, 112 (1927). 

(15) Henry, Rec. trav. chim. 24, 165 Note 3 (1905). (16) Steinkopf, Malinowski, Ber. 44, 2901 

(1911). (17) Newitt, Linstead, Sapiro, Boorman, J. Chem. Soc. 1937, 882. (18) Drushel, Hill, 

Am. J. Sci. (4) 30, 72-78 U910) , Cent. 1910, II 967; C.A. 4, 2438 (1910). (19) Palomaa, Ber. 74, 

1866-1870 (1941). (20) Kolhatkar, J. Chem. Soc. 107, 931 (1915). 


3:5590 


l,3-DICHLORO-2-METHYLPROPENE-l C4H6CI2 

(a,7-Dichloroisobutyiene) Cl CH3 Cl 

CH,— <i5=(!jH 


BeU. I -B09 

Ii— 

Ij — 


B.P. 

131.6-132.6'’ at 760 nun. (1) 
131-132.6'’ (7) 

131.0-131.6'’ at 768 nun. (2) 
131-132° (3) 


= 1.1660 
= 1.1733 
Dl^ = 1.1968 


(2) = 

(7) = 

(3) nif = 


1.4602 (2) 

1.4744 (7) 

1.4769 <3) 


Note: C by virtue of allylic transposition may frequently yield derivatives of ita synionio 
isomer, l,l.dichlQro-2-methylpropene-2 (3:7480) q.v. The products (and/or their deriva- 
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lives) formerly (4) regarded as cis and trans stereoisomers of G may very probably be C 
and its synionic isomer (3:7480). 

[For prepn. of C from l,2,3-trichloro-2-methylpropane (3:6886) by dehydrochlorination 
with quinoline (73-85% yield) see (7).l 

[For prepn. of C from l,l-dichloro-2-methylpropene-2 (3:7480) by htg. under reflux 
see (2) : for formn. of C (together with other products) from 2-methylpropene-l (isobutylene) 
(60% yield (5)) (1) + CI 2 , or from 3-chloro-2-methylpropene-l (isobutenyl chloride) 
(3:7146) with CI 2 (1 mole) + NaHCOs (1.5 moles) at 0° (2) see indie, refs.; for formn. of 
G (20% yield (6)) (together with other products) from l,3-dichloro-2-methylpropanol-2 
(3:6977) + strong oxygen acids see (6); for formn. of C (46% yield (3)) from 1,3-dichloro- 
2-methylpropanol-2 (3:5977) by htg. with P2O5 for 2 hrs. at 110-115° see (3).] 

C on hydrolysis with aq. + CaCOa (2) (4) or aq. + MgO (4) gives (2) (3) (46% yield 
(4)) l-chloro-2-methylpropen-l-ol-3 (3-chloro-2-methylallyl ale.) (3:8340) q.v. 

G with O 3 followed by hydrolysis yields (2) (3) (5) chloroacetone (3:5425). 

C treated with CI 2 in the dark at 0° for 37 hrs. yields (4) l,l,2,3-tetracliloro-2-methyl- 
propane (3:6165) -f other products. 

C with cuprous cyanide refluxed 9-10 hrs. gives (67% yield (7)) 4-chloro-3-methyl- 
buten-3-nitrile-l, b.p. 70-73° at 10 mm., = 1.0856, wf? = 1.4643 (7); this product 
on hydrolysis with hot cone. HCl for 2 hrs. gives <7) 4-chloro-3-methylbuten-3-oic acid-1, 
m.p. 35° (corresp. phenylhydrazide, m.p. 147-148°). 

3:6690 (l) Pogorshelski, J. Russ. Phys.-Chem. Soc. 36, 1129-1184 (1904); CenL 1906, I 668, 
(2) Tishchenko, J. Gen. Chem. (U.S.S.R) 8, 1232-1246 (1938); Cent. 1939, II 4223; C.A. 33, 
4190 (1939). (3> D’yakonov, J. Gen. Chem. (U.S S.R.) 10, 402-413 (1940) ; C.A. 34, 7861 (1940). 

(4) Rogers, Nelson, J. Am. Chem. Soc. 68, 1029-1031 (1936). (5) D’yakonov, Tishchenko, 

J. Gen. Chem. (U.S.S.R.) 9, 1268-1264 (1939); C.A. 34, 710 (1940). (6) Groll, Burgin (to SheU 
Development Co.), U.S. 2,042,223, 2,042,222, May 26, 1936; Cent. 1937, 1274; C.A. 30, 4875 
(1936). (7) Mooradian, Cloke, /. Am. Chem. Soc. 68, 785-789 (1946). 


3 : 5605 3,3,3-TRICHLORO-2-METHYLPROPENE-l C 4 H 6 CI 3 
(1,1, l-Trichloro-2-methylpropene-2) CH 3 

H2C=(>-CCl3 


B.P. 132° (1) 


2>?? - 1.293 (1) 


Beil. S.N. 11 


1.479 (1) 


Note: C readily undergoes ally lie transposition so that in reactns. of C products derived 
from the isomeric l,l,3-trichloro-2-methylpropene-l (3:5025) may be expected (1) <2) 
<3> (4). 

[For prepn. of C (yield: 30-43% (4), 15% (1)) from ^,/3,^-trichloro-ter-butyl ale. (“Chlore- 
tone'O (3:2662) by htg. to 200° with P 2 O 6 and dimethylaniline (1) or quinoline (4) see 
indie, refs.] [A 57% yield of the isomeric l,l,3-trichloro-2-methylpropene-l (3:5025) 
together with some a-chloroisobutyric acid (3:0235) is separated from C by redistillation 

HI] 

C on hydrolysis by boilg. 1 day with aq. Na 3 P 04 gives (60% jrield (2)) 3,3-dichloro-2- 
methylpropen-2-ol-l, b.p. 78-79°, D?? = 1.298, ni® - 1.493 (p-nitrobenzoate, m.p. 91°, 
JV-phenylcarbamate, m.p. 64° (2)). 

G on htg. with NaOAc + AcOH gives (2) 3,3-dichloro-2-methylpropen-2-yl acetate, 
b.p. 79° at 12 mm., — 1.257, n?? = 1.4718 (2). [With boilg. NaOH this regenerates 
the corresp. ale. <2).] 

C with NaOEt gives in the cold 70% yield (2) of 3,3-dichloro-2-methylpropen-2-yl 
ethyl ether, b.p. 56° at 12 mm., Dl® - 1.1286, n? * 1.4610 (2). 



729 LIQUIDS WITH > 1.16 3:560ff-3:6620 

C in AcsOH treated with Oa, then hydrolyzed, gives (70% jrield) a,a,a-trichloroacetone 
(3:5620), b.p. 133-134^ <1). 

[For behavior of C with PCls, with HF, or with HF + anisole see <4).] 

(@ 2,3-Dibromo-l,l,l-trichloro-2-methylpropane: m.p. 34® (1). [From C + Br 2 with- 
out solvent; crude prod, recrystd. from ale. at —10® (1); cf., however, (4).] 
3,3-Dichloro-2-methylpropen-2-yl ^-nitrohenzoate : m.p. 91® <2). [From C on boilg. 
with dil. ale. soln. of K p-nitrobenzoate (2).] 

3:6605 (1) Jacob, Bvll. soc. chim. (5) 7, 581-586 (1940). (2) Kirrmann, Jacob, BvU. soc. chim. 

(5) 7, 586-593 (1940). (3) Kirrmann, Jacob, Compt. rend. 203 , 1528-1529 (1936). <4) Price, 

Marshall, J. Org. Chem. 8, 532-535 (1943). 


3:5615 l,2-DICHLOROBtn'ENE-2 

Cl Cl C 4 H,Cl 2 BeiLS.II. 11 

(high-boilg. stereoisomer) 

CHz— CH=C — CH2 



B.P. 132-134° at 762 mm. <1) 

= 1.1597 (2) 

nf? = 1.4590 

(2) 

125-127° (2) 

Z>i® = 1.1601 (2) 

= 1.4635 

(2) 


/>i® = 1.1771 (1) 

nb* = 1.4710 

(1) 


[See also low-boilg. stereoisomer (3:5360).] 


[For prepn. of C (together with its stereoisomer (3:5360)) from 1,2,3-trichlorobutane 
(3:5935) with KOH at 150® (2), or from 2,2-dichlorobutane (3 :7415) or 2,3-dichlorobutane 
(3:7615) with ale. KOH <5), see indie, refs.; for formn. of C (together with its stereoisomer 
and also 2,4-dichlorobutene-2 (3:5550)) from 2-chlorobutene-2 (3:7105) by actn. of 
CI 2 at 350® see (3).] 

C with 1 mole CI 2 + 1.5 moles NaHCO^ at 0® gives (100% yield (4)) 1,2,2,3-tetrachloro- 
butane (3:9078). 

C on hydrolysis by htg. with 2 pts aq. + 1 mole powdered CaCOa at 70® for 4 hrs. gives 
(1) a mixt. of about equal parts of 2-chlorobuten-2-ol-l (3:8240) and (by allylic trans- 
position) 3-chlorobutcn-3“ol-2 (3:9115). 

C on oxidn. with KMn 04 in acetone gives (1) chloroacetic acid (3:1370) + AcOH 
(1 : 1010) + HCl. — Cm CCI4 at —17® treated with O3 followed by aq. gives acetaldehyde 
(1:0100). 


3:5615 <1) Tishchenko, J. Gen. Chem. {U.S.S.R.) 7 , 658-662 (1937); CerU. 1937 , II 371; C.A. 31 , 
5754 (1937). (2) Tishchenko, Churbakov, J. Gen. Chem. {U.S.S.R) 6 , 1553-1558 (1936); CerU. 

1937 , 1 3786; C.A. 31 , 2165 (1937). (3) N. V. Bataafsche Petroleum Maatschappij, Brit. 468,016, 

July 22, 1937; French 810,112, Mar. 15, 1937, Cent. 1937 , II 4102. <4) Tishchenko, J. Gen. 

Chem. (U.S.SR) 8, 1232-1246 (1938); Cent. 1939 , II 4222; C.A. 33 , 4190 (1939). (5) Tish- 

chenko, Churbakov, J. Gen. Chem. (U.S.S.R.) 7 , 663-666 (1937); Cent. 1937 , II 371; C.A. 31 , 
5754 (1937). 


3:5620 l,l,l-TRICHLOROPROPANONE-2 C 3 H 3 OCI 3 BeU. I - 656 

(a,a,a-Trichloroacetone; CHa — C — CCls Ii-(344) 

methyl trichloromethyl ketone) ^ l2-(719) 

B.P. 134° (1) (3) = 1.435 (3) = 1.4592 (3) 

133-134“ <2) 

60° at 64 mm. <1> ' = 1.4389 (3) 

57° ht48mm. (1) 

27.5-28° at 10 mm. (3) 

Limpid colorless liq. with faintly camphoraceous odor. — Insol. aq., but volatile with 
steam (3). — C is not lachrymatory. 
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(For prepn. from l,l,l-tricliloro- 2 -methylpropene -2 (3:5605) with Oa in AcOH, followed 
by hydrolysis (70% yield) see (2); from corresp. ale., l,l,l-trichloropropanol-2 (3:0846), 
by oxidn. with K 2 Cr 207 /H 2 S 04 see (3); from 2-trichloromethyl-2,4,4-trimethyl-l,3-dioxo- 
lone-5 [Beil. XIXj-(656)] by hydrolytic cleavage with AcOH/HCI (60% yield) see (1): 
for formn. of C (together with other prods.) from propanol -2 (1:6135) with CI 2 (4), from 
chloroacetone (3:5425) with CI 2 at 30-40® ( 5 ), or from trichloroacetyl chloride (3:5420) 
with MeZnI ( 1 ) see indie, refs. — Note that the prod, from chloral -f diazomethane, 
formerly supposed ( 6 ) to have been C, has since been shown (7) < 8 ) to be 3,3,3-trichloro- 
1, 2-epoxypropane (3:5760) (^' 7 , 7 , 7 -trichloropropylene oxide '^).] 

[C on reduction with Al(C 2 H 5 ) 3 .Kt 20 in ether (9) or with fused Al(OEt )3 in abs. ale. 
under H 2 or N 2 (10) gives (yields: 67%J10>, 65% {9» l,l,l-trichloropropanol-2 (3:0846).] 

[C resists further chlorination; e.g., C with SO 2 CI 2 (1 mole) on protracted htg. at 180® 
yields (3) l,l,l,3-tetrachloropropanone-2 (3:6085), b.p. 71-72® at 13 mm., hydrate, m.p. 
65® (3).] 

[C with diazomethane in dry ether gives (83% yield (3)) l,l,l-trichloro-2-methyl-2,3- 
epoxypropane, b.p. 51® at 10 mm., m.p. 53-54® (3).] 

0 Cleavage with aq. alkali: C with aq. alk. even in cold splits almost instantly ( 1 ) (2) 
into chloroform (3:5050) and acetic acid (1:1010). 

0 l,l,l-Trichloropropanone-2 semicarbazone : m.p. 140® dec. (on Hg bath) (1) (11). 
[From C with semicarbpide HCl in pres, of NaOAc, or with free semicarbazide (ll).l 

8:5620 (l) Blaise, Bxdl. aoc. chira. (4) 15, 734-737 (1914); CompU rend. 155, 1253 (1912). (2) 

Jacob, BvU. soc. chxm. (5) 7, 581-586 (1940); C.A. 36, 3508 (1942). (3) Arndt, Amende, Ender, 

Monatah. 59, 214-216 (1932). (4) Bur (to Standard Oil Co.), U.S. 1,391,757, Sept. 27, 1921; 

Cent. 1922, IV 942. (5) I.G., French 816,956, Auii. 21, 1937; Cent. 1938, I 2216. (6) Schlotter- 

beck, Ber. 42, 2.561-2562 (1909). (7) Arndt, Eistert, Ber. 51, 1118-1122 (1928). (8) Arndt, 

Z. angew. Chem. 40, 1099-1100 (1927). (9) Meerwein, Hinz, Majert, Sonke, J. prakt. Chem. (2) 

147, 236-237 (1936). (10) Meerwein, Schmidt, Ann. 444, 233-234 (1925). 

(11) Blaise, BuU. soc. chim. (4) 17, 428 (1915); Compt. rend, 156, 1551 (1913) 


3:5622 1,1,1,2-TETRACHLOROBUTANE H Cl C 4 H 6 CI 4 Beil. S.N. 10 

GHj-CHi!— (^Cl 

ilil 

B.P. 134^136' at 742 mm. (1) = 1.3932 {!) n|>* = 1.4920 <1) 

(For prepn. of C from l,l,l-trichlorobutanol -2 (3:5955) with cone. HCl -f ZnCl 2 on 
stdg. at room temp. 1 hr. (yield not stated) see ( 1 ).] 

8:5622 <l) Gilman, Abbott, J. Org. Chem. 8, 228 (1943). 


3:5625 ETHOXALYL CHLORIDE 


CO.OC 2 H 6 

io.ci 


C 4 H, 03 C 1 Beil. U • 541 
Hi- (234) 
n2-(508) 


136-138® 

(1) 

= 1.2234 (2) 

136-136® 

(2) 

1.2226 <3) 

136® 

(3) 


134-136® 

(4) 


133-136® 

at 760 mm. (14) 



30® at 10 mm. (2) 
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Colorless mobile liq. with penetrating odor. — C fumes in air and gradually deposits 
hydrated oxalic acid (1:0445) (17). — C as such is insol. in aq. but rapidly hydrolyzes 
with formn. of HCl and ethyl hydrogen oxalate, the latter in turn being converted to 
oxalic acid (1:0445) H- EtOH. 

[For prepn. of C from diethyl oxalate (1 : 1055) with PCU (yields: 80-90% (5), 84% (6), 
80% (7)) (8) (9) (10) (11) (34) see indie, refs.; note that this mode of prepn. has been shown 
(4) to comprise two distinct and successive reactions: first the formn. of ethyl a,a-dichloro- 
of-ethoxyacetate, Cl2C(OEt).COOEt [Beil. 11-543, II i- (236)], b.p. abt. 85® at 10 mm., 
1^2 = 1.23155 (2); and second, the pyrolysis of this product by repeated distillation (13) 
or increased temp, (especially in the pres, of catalysts such as salts of Fe or Ft (5) (12)) 
yielding C + ethyl chloride (3:7015).] 

[For prepn. of C from ethyl hydrogen oxalate [Beil. 11-535, Hi- (232), Il2-(504)] with 
SOCI2 (yields: 78% (14), 72% (15)) or with PCU (3) see indie, refs, (note that the initial 
ethyl hydrogen oxalate is readily obtd. from anhydrous oxalic acid (1:0535) with diethyl 
oxalate (1:1055) by htg. 3 hrs. (32% yield (15)) (18) or by distn. with EtOH and CCI4 
as directed (61% yield (16))); for prepn. of C from K ethyl oxalate with POCI3 or PCU 
(17) (3) or with SOCI2 (60-70% yield (24)) see indie, refs, (note that K ethyl oxalate can 
readily be prepd. in 95-97% yield from diethyl oxalate (1 : 1055) by digestion with aq. 
KOAc (24)).] 

[For prepn. of C from oxalyl (di)chloride (3:5060) with EtOH (1:6130) by reactn. of 
one acid chloride group but not the other (60% yield) see (25).] 

[C on passing through tube at 200° loses CO yielding (19) ethyl chloroformate (3:7295).] 

[C with EtOH (1 : 6130) reacts normally yielding (17) diethyl oxalate (1 : 1055) ; for reactn. 
of C with cellulose see (25).] 

[C with diethyl sodiomalonate in ether gives (20) (12) a mixt. of triethyl oxalomalonate 
(Beil. III-850, IIIi-(292)] and tetraethyl dioxalomalonate [Beil. IIl2-(199)J; C with ethyl 
sodio-cyanoacetato in ether gives (21) (22) diethyl oxalo-cyanoacetate [Beil. 1II-850], 
m.p. 98° (22), 96° (21); C with diethyl methyl sodio-malonate gives (23) diethyl oxalo- 
methyl-malonate ; many other analogous condensations cannot be included here.] 

[C with aromatic hydrocarbons in the pres, of AICI3 undergoes reactn. of the Friedel- 
Crafts type, and this procedure has been widely studied as a means of introduction of the 
— CO.COOEt group: e.g., C with CsHe + AICI3 in nitrobenzene -f CS2 gives (26) ethyl 
benzoylformate (ethyl phenylglyoxylate) [Beil. X-657, Xi-(314)], b.p. 256-257°; for 
corresp. analogous reactn. with toluene (1:7405) (27), w-xylene (1:7420) (27), cumene 
(1:7440) (9), pseudocumene (1:7470) (27), or mesitylenc (1:7455) (27) (1) see indie, 
refs.] 

C with NHs in ale. gives (17) ethyl oxamate, NH2.CO.CO.OC2HB [Beil. 11-544, IIi- 
(236), Il2-(509)], Ifts. from hot ale., m.p. 114°. — Similarly C with aniline should yield 
ethyl oxanilate, C6H6.NH.CO.CO.OC2_H6 [Beil. XIl-282, XIIi-(206)], tbls. or pr. from 
ale., ndls. from hot aq., m.p. 66-67°; C with phenylliydrazine should yield /3-(ethoxalyl)- 
phenylhydrazine, C6H6.NH.NH.CO.CO.OC2H5 [Beil. XV-264], Ifts. from ale., m.p. 119°. 

C with urea (2 moles) reacts vigorously at room temp, as a normal acid chloride 3rielding 
(28) ethyl oxalurate, NH2.CO.NH.CO.CO.qC2H6 [Beil. 111-65, IIl2-(54)], ndls. from 
ether, m.p. 184-185°. — Note, however, that C with iV^-phenylurea on htg. evolves CO + 
C2H5CI (3 : 7015) and yields (29) a mixt. of ethyl w-phenylallophanate, CoHs.NH.CO.NH.- 
COOC2HB [Beil. XII-359, XIIi-(234)], ndls. from boilg. ale., m.p. 106° (30), and iS^-phenyl- 
parabanic acid (oxalyl iV^-phenylurea) [Beil. XXIV-454, XXIVi-(406)l, Ifts. from ale., 
m.p. 208° (29). — C with iV,iV'-diphenylurea in CeHe on htg. evolves C2H6CI (3:7015) 
and yields (29) JV’,iV'-diphenylparabanic acid (oxaljl iV^,iV'-diphenylurea) [Beil. XXIV- 
455, XXIVr(^5)], ndls. from ale., m.p. 204°. — C with V.iV'-dimethylurea (2 moles) 
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reacts vigorously giving (80% yield (31)) N,JV''-dimethylparabanic acid [Beil. XXIV-453, 
XXIVr(404)], m.p. 154^ 

[C with RMgX cpds. gives (32) disubstituted glycolic acids (R 2 C(OH)COOH) and/or 
ethoxalyl esters of disubstituted ethyl glycolates, R 2 C(O.CO.COOC 2 H 5 ) (COOC 2 H 6 ); 
similarly C with diethylcadmium gives (63% yields (33)) ethyl a-ethyl-a-hydroxy-n- 
butyrate (ethyl a,a-diethylglycolate).] 

8:5625 (1) Wenzel, Monatsh. 35, 948 (1914). (2) Anschutz, Ann. 254, 20, 27 (1889). (3) Mol, 
Rec. trav. chim, 26, 381-384 (1907). (4) Anschutz, Ber. 19, 2158^2160 (1886). (5) Blaise, BuU. 

aoc. chim. (4) 19, 12 (1916). (6) Barr6, BuU. soc. chim. (4) 41, 47-49 (1927). (7) Bert, BuU. 
8 OC. chim. (4) 41, 1165-1166 (1927). (8) Anschiitz, Ber. 19, 2158-2160 (1886). (9) Bert, BuU. 
soc. chim. (4) 37, 1401-1405 (1925). (10) Kurrein, Monatsh. 26, 373-378 (1905). 

( 11 ) Peratoner, Straazen, Gazz. chim. ital. 21, 301-302 (1891). (12) Scholl, Egerer, Ann. 397, 

318-320, 345-355 (1913). (13) van Alphen, Rec. trav. chim. 47, 678 (1928). (14) Diels, Naw- 

iasky, Ber. 87, 3678-3679 (1904). (15) Fourneau, Sabetay, Bull. soc. chim. (4) 41, 537-540 

(1927). (16) Contzen-Crewet, Bull. soc. chim. Belg. 35, 167-170 (1926). (17) Henry, Ber. 4, 

599-601 (1871). (18) Fourneau, Sabetay, Bull. soc. chim. (4) 43, 860 (1928). (19) Grassi, 

Gazz. chim. ital. 27, 1 31-32 (1897). (20) von Auwers, Auffenberg, Ber. 51, 1103-1106 (1918). 

(21) Trimbach, Bull. soc. chim. (3) 33, 372-375 (1905). (22) Bortini, Gazz. chim. ital. 81, I 

586-588 (1901). (23) Farmer, Ghosal, Kon, J. Chem. Soc. 1936, 1809. (24) Adickos, Brun- 

nert, Lllckor, J. prakt. Chem. (2) 130, 168-170 (1931). (25) von Frank, Caro, Ber. 63, 1532- 

1543 (1930). (26) Bouveault, Bull. soc. chim. (3) 15, 1017 (1897); (3) 17, 363-366 (1897). (27) 

Bouveault, BuU. soc. chim. (3) 17, 366-372 (1897). (28) Henry, Ber. 4, 644-646 (1871). (29) 

von Stojentin, J. prakt. Chem. (2) 32, 18-23 (1885). (30) Folin, Am.Chem. J. 19, 345-346 (1897). 

(3l) Biltz, Topp, Ber. 46, 1396 (1913). (32) Grignard, Bull. soc. chim. (3) 29, 948-953 (1903). 

(33) Gilman, Nelson, Rec. trav. chim. 55, 521, 527 (1936). (34) Kindler, Ger. 728,532, Oct. 29, 

1942; C.A. 38, 378 (1944). 


3:5630 l,l,2.TRICHLOROPROPANE CH 3 .CH(Cl).CHCl 2 CsHbCIs Beil. 1-106 
(a-Chloropropylidene (di)- Ii — 

chloride) I 2 — 

B.P. 136-137° <1) cf. (2) HL® = 1.363 (1> 

133° {S) 

[For prepn. from 1,2-dichloropropane (propylene dichloride) (3:5200) by chlorination 
in presence of iron and ultra-violet light at 10-40°, or without ultra-violet light above 50°, 
see (4), or with SO 2 CI 2 in pres, of organic peroxides see (6) (7).] 

C htd. with aq. or ale. alk. splits out HCl yielding (5) 1,1-dichloropropene-l (3:5120), 
b.p. 78°. 

3:5630 (1) Mouneyrat, BuU. soc. chim. (3) 21, 620 (1899). (2) Van Arkel, Rec. trav. chim. 61, 

1101 (1932). (3) Herzfelder, Ber. 26, 1258 (1893). (4) Levine, Cass (to du Pont), Brit. 471,188, 

Sept. 30, 1937; Cent. 1938, I 1218. (5) Levine, Cass (to du Pont), Brit. 471,186, Sept. 30, 1937,* 

Cent. 1938, I 3110. (6) Kharasch, Brown, J. Am. Chem. Soc. 61, 2145 (1939). (7) Zellner (to 

Tide Water Associated Oil Co.) U.S. 2,370,342, Feb. 27, 1945; C.A. 39, 3535 (1945). 


3:5633 3-CHLORO-2-(CHLOROM£THYL)- 
PROPENE-1 

( 1 -Chloro-2- (chloromethyl )propene-2 ; 
7 , 7 -dichloroisobutylene ) 

B.P. M.P. 

136-138.3° (9) -15° to - 13° (9) 

30-31° at 9 mm. (1) 


C4H6CI2 

Cl CH 2 CI 

Hii(!3-<!3=CH2 
- 1.1782 (9) 


Colorless oil with faintly halogen-like odor ( 1 ). 


BeU.I — 

11 — 

1 2 - (181) 


nS- 1.4754 (9> 
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[For piepn. of C from tri8-(chloromethyl)acetic acid Qtself obtd. in quant, yield by cone. 
HNOa oxidn. <9) of 3-chloro-2,2-6w-(chloromethyl) propanol-1 « pentaerythrityl tri- 
chlorohydrin <9)) by combine decarboxylation and dehydrochlorination in boilg. quinoline 
(75-85% yield) see <9).] 

[For formn. of C (40% yield <2) together with other products (2) (3» from 2-methyl- 
propene-1 (isobutylene) with Clj (2) <3) or from 3-chloro-2-methylpropene-l (isobutenyl 
chloride) (3:7145) with CI2 (1 mole) -f NaHCOa (1.5 moles) at 0® see (2) (4) see indie, 
refs.; for formn. of C (together with other products) from l,2,3-trichloro-2-methylpropane 
(3:5885) by pyrolysis at 450-550° see (5); for formn. of C (together with l,3-dichloro-2- 
(chloromethyl)propene-l (3:9066)) from l,3-dichloro-2-mtro-2-(chloromethyl) propane 
with Na/Hg see (1); for prepn. of C (80% yield (6) together with 20% yield l,3-dichloro-2- 
methylpropene-1 (3:5590)) from l,3-dichloro-2-methylpropanol-2 (3:5977) by actn. of 
strong oxygen acids see (6).] 

C on cat. hydrogenation using Pt black yields (1) l,3-dichloro-2-methylpropane (3:7960), 
but C in ale. on boilg. with Zn dust gives (75% yield (3)) isobutylene, b.p. —6°. 

C with O3 gives (2) a,a^-dichloroacetone (3:0563). 

C treated with CI2 in the dark at 0° yields (5) l,2,3-trichloro-2-chloromethylpropane 
(3:6335). — C treated with Br2 in CHCI3 yields (1) l,2-dibromo-3-chloro-2-(chloromethyl)- 
propane, colorless odorless oil, b.p. 140° at 10 mm. (1); note, however, failure to react with 
Br2 recorded later (9). 

C with aq. alk. as specified (7) yields 2,3-epoxy-2-chloromethylpropanol-l, b.p. 85° at 
1 mm. (7). [For similar reactns. cf. <8).] 

C on hydrolysis with aq. CaC03 refluxed 2 hrs. gives (36% yield (9)) 2- (hydroxymethyl) 
propen-2-ol-l, b.p. 125-126° at 18 mm., Df = 1.0791, n|? = 1.4758 (9). 

3:5633 (l) Kleinfeller, Ber. 62, 1595 (1929). (2) D’yakonov, Tishchenko, J. Gen. Chem. 

{U.S.S.R.) 9 , 1258-1264 (1939); C.A. 34, 710 (1940). (3) D’yakonov, /. Gen. Chem. (U.S.S.R.) 

10, 402-413 (1940); C.A. 34, 7861 (1940). (4) Engs, Groll, Fairbairn (to Shell Development 
Co.), U.S. 2,189,890, Feb. 13, 1940; C.A. 34, 4079 (1940). <5) Rogers, Nelson, J. Am. Chem. 

Soc. 68, 1029-1031 (1936).' (6) Groll, Burgin (to Shell Development Co.), U.S. 2.042,223, 
U.S. 2,042,222, May 26, 1936; Cent. 1937, I 1274; C.A. 30, 4875 (1936). (7) Groll, Hearne (to 

Shell Development Co.), U.S. 2,070,990, Feb. 16, 1937; Cent. 1937, II 2433; C.A. 81, 2612 (1937). 
(8) Hearne, de Jong, Jnd. Eng. Chem. 33, 940-943 (1941). (9) Mooradian, Cloke, J, Am. Chem. 

Soc. 67, 942-944 (1945). 


3:5635 2-CHLOROPROPEN-2-OL.1 CH2=C-“CH2 CsHeOCl Bell. 1-439 
(2-Chloropropen-l-ol-3; 1. Ij — 

/3-chloroallyl alcohol) Is — 

B.P. 136-140° cor. <1) DZ - 1.164 (2) 

136° <2) 

Note that C is the true /3-chloroallyl alcohol; care must be taken to avoid confusion with 
3-chloropropen-2-ol-l (7-chloroallyl alcohol) (3:5820) whose derivatives have often been 
designated in the literature as /S-chloroallyl derivatives; see also the warning note under 
7-chloroallyl chloride (3:5280). 

[For prepn. of C from 2,3-dichloropropene-l (3:5190) by hydrolysis of the reactive 
halogen atom with hot dil. aq. alk. see (2); from 2-chloro-3-iodopropene-l by hydrolysis 
of the iodine atom with hot dil. aq. KOH or with silver oxide see (1); from buta(hene-l,2- 
(allene) with HOCl see <3).] 

Colorless liq. with faint odor; C does not have the violent vesicant action on skin shown 
by the isomeric 7-chloroallyl ale. (3 : 5820). 
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C readily dissolves in cone. H2SO4 with evolution of HCl gas; after pouring onto ice and 
distilling acetol (hydroxy acetone) (1:5455) is obtd. (2). 

[C with PBra yields (2) 3-bromo-2-chloropropene-l (/8-chloroallyl bromide) (Beil. 1-201, 
Ii-(171)], b.p. 12r (2), 119-120° {4).l 

iC yields by suitable treatment (no details <2)) /S-chloroallyl acetate [Beil. 11-136], b.p. 
145® (2). — For esters of C with monocarboxylic acids (5), saturated polycarboxylic acids 
(6), and halogenated acids (7), and for copolymerization of certain esters of C with styrene 
<8) see indie, refs.) 

3:6635 (l) van Romburgh, Rec. trao. chim. 1, 238 (1882). (2) Henry, BtUl. soc. chim. (2) 39, 
526 (1883). (3) Smirnov, J. Rusa. Phys.-Chem. Soc. 36, 854-872 (1903); Cent. 1904, I 576. 

(4) von Braun, Kiihn, Weismantel, Ann. 449, 256 (1926). (5) Coleman, Hadler (to Dow Chem. 

Co.), U.S. 2,208,960, July 23, 1940; C.A. 36, 136 (1941). (6) Coleman, Hadler (to Dow Chem. 

Co., U.S. 2,159,008, May 23, 1939; Cent. 1939, II 2163; C.A. 33, 6876 (1939). (7) Taylor (to 

Dow Chem. Co.), U.S. 2,221,275. Nov. 12, 1940; C.A. 36, 1802 (1941). (8) Britton, Coleman, 

Zemba (to Dow Chem. Co.), U.S. 2,025,390, Juno 25, 1940, C.A. 34, 7039 (1940). 


3 : 5640 a,/?-DICHLORODIETHYL ETHER C4H8OCI2 

(a,^-Dichloroethyl ethyl ether) CH2.CH.O.CH2.CH3 

hi di 

B.P. 140-145° (1) <2) Dii = 1.174 (1) 

133-133° at 726 mm. (3) 

66-69° at 46 mm. (4) 

36-37® at 16 mm. (3) 

Colorless liq. with sharp odor. 

[For prepn. from diethyl ether (1:6110) by chlorination see (4) (1).] 

C with cold aq. rapidly hydrolyzes yielding chloroacetaldehyde hydrate (3:7212), ethyl 
ale. (1:6130), and HCl; for study of rate at 20° see (6). 

C in dil. ale. htd. some hrs. at 60° with NHoOH.HCl (3 moles) H- KOH (5 moles) soln. 
evapd., acidified with dil. H2SO4, extracted with ether, ether soln. dried with CaCl2, evapd. 
gives (40% yield (5)) glyoxal dioxime (glyoxime) [Beil. 1-761], sepd. from oil, recrystal- 
lized from hot aq., m.p. 178° (5). 

3:6640 <l) Lieben, Ann. 146, 181-186 (1868). (2) Natterer, Monatah. 6, 496-497 (1884). (3) 

Mohler, Sorge, Helv. Chim. Acta 23, 1209 (1940;. (4) Wildman, Gray, J. Am. Chem. Soc. 41, 

1122-1123 (1919). (5) Hantzsch, Wild, Ann. 289, 293 (1896). (6) Mohler, Hartnagel, Helv. 

Chim. Acta 26, 859-863 (1942); C.^. 37, 1799 (1943). 

3:5650 1,2,8-TRICHLOROPROPENE-l Cl C3H3CI3 Beil. I -200 

ClCHi!— (!3=CHC1 

12 — 

BJ>. 148* {1) Z® ■= 1.414 <1) 

Liq., insol. aq., eas. sol. ale., ether. [Two geom. stereoisomers are possible but un- 
recorded.] 

[For prepn. of C from 1,2,2,3-tetrachloropropane (3:5895) with ale. alk. see (1).] 

[For use in prepn. of unsatd. cellulose ethers see (2); for use in dewaxing mineral oils 
see (3).] 

3:5660 <1) Pfeffer, Fittig, Ann. 186, 361-363 (1865). (2) du Pont Co., Brit. 429,949, June 11, 

1935; Cent. 1936, I 4098; C.A. 29, 7073 (1935). (3) Standard Oil Development Co., French 
790,852, Nov. 28, 1935; Cent. 1936, 1 2672; C.A. 80, 3223 (1936). 


Beil. I - 612 

11- (328) 

12- (676) 
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3:5655 METHYL DICHLOROACETATE C3H402C12 

CI 2 CH.COOCH 8 


B.P. 143.3** at 764.6 mm. (1) 

143.3® <2) 

143® <3) (8) 

143-144® (4) 

49.6-50® at 20 mm. (5) 


^>19.2 « 1.3808 (6) 


Beil, n - 303 
Hi- 

n2-(196) 


[For prepn. of C from dichloroacetic acid (3:6208) with MeOH HCl gas (72% yield 
(3)) (7), with MeOH 4- Et20.BFs complex (70% yield (3)), with MeOH + H 2 SO 4 (71.3% 
yield (3)), or with MeOH itself without any cat. (47-61% yield (3)), or with Me 2 S 04 in 
s.t. at 200® (8) see indie, refs. ; for prepn. of C from dichloroacetamide with BF3 in MeOH 
(57% yield) see <3); for prepn. of C from chloral (3:5210) (84% yield (9)), chloral hydrate 
(3:1270) (4), or chloral hydrate diacetate (76% yield (9)) with KCN in MeOH see indie, 
refs.] 

[For reactn. of C with dimethyl sodio-malonate in MeOH yielding (10) Ll,2,3,3-penta> 
(carbomethoxy)propane [Beil. 11-880], this, from MeOH 4- aq., m.p. 85-86® see (10).] 

C on hydrolysis yields dichloroacetic acid (3:6208) q.v. + MeOH (1:6120). [For 
studies of rate of hydrolysis under various circumstances see (5) (11).] 

3:5666 (l) Schiff, Z. physik. Chem. 1, 378 (1887). (2) Cheng. Z. physik. Chem. B-34. 305 (1934j. 
(3) Toole, Sowa, J Ain. Chem. Soc. 69, 1971-1973 (1937). (4) Wallach, Ann. 173, 299 (1874). 

(6) Skrabal, Monatsh. 71, 298-308 (1938). (6) Henry, Compt. rend. 101, 251 (1885). (7) 

Miiller, Ann. 133, 160 (1865). (8) Simon, Compt. rend. 176, 585 (1923). (9) Chattaway, Irving, 

J. Chem. Soc. 1929, 1042, 1047. (10) Anschutz, Deschauor, Ann. 347, 6-7 (1906). 

(11) Skrabal, ROckert. Monatsh 60, 369-384 (1928). 


3:5660 1,1,3-TRICHLOROPROPANE ClCH 2 .CH*.CHCl 2 CsHsCls Beil. I - 106 
(/3-Chloropropylidene (di)- Ii — 

chloride) I 2 — 

B.P. 143-144° (1) JDL® = 1.351 (1) nL* = 1.474 (1) 

146-148° (2) (3) 011 = 1.363 <3) 

C with ale. KOH splits out HCl yielding (2) (3) 3,3-dichloropropene-l (3:5140), b.p. 
84®, together with a little 1,3-dichloropropene-l (3:5280), b.p. 107®. 

3:6660 (1) Blirrmann, Pacaud, Dosque, Bull. soc. chim. (5) 1, 866 (1934). (2) Gustavson. J. 

prakt. Chem. ^2) 60, 381-382 (1894) (3) van Romburgh, Bull, soc chim. (2) 87, 100-102 (1882). 


3:5670 d,l-a-CHLORO-a.METHYL-n- CH 3 C 5 H 8 OCI 2 

<!a 

B.P. 143-144° at 749 mm. (1) DL* = 1.187 <1) 


BeU. n -307 

n,- 

Hii- 


[For prepn. of C from a-chloro-a-methyl-n-butyric acid (3:8718) with PCla see (1).J 
C on hydrolysis with aq. yields (1) a-chloro-a-methyl-n-butyric acid (3:8718) q.v. 

3:6670 (l) Servais, Rec. trav. chim. 20, 59 (1901). 
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3 : 5680 2,2,3-TRICHLOROBUTANE 


Cl Cl 

CH3 — dj — d? — c 


(^1 


A 


H3 C4H7CI3 


Beil. S.N. 10 


B.P. 143-145^ (2) = 1.2699 (1) nf? - 1.4645 (1) 

141-143® (1) Di® - 1.2630 (2) n{f - 1.4637 (2) 

77-84® at 16 mm. (2) D\^ - 1.33 (2) nj? = 1.4976 (2) 

[For prepn. of C (45% yield (2)) from 2-chlorobutene-2 (3:7105) (together with 65% 
2,3-(iichiorobutene-l (3:9074)) with CI2 -f NaHCOs at 0® <2) (3) or with CI2 + SnCU in 
dark (4) see indie, refs. ; for formn, of C (28% yield (1)) from 1,2-dichlorobutane (3 : 7680) -f 
al. excess CI2 in dark at —17® (together with 19% 1,2,3-trichlorobutane) (3:5935) see (1); 
for formn. of C (18% yield (1)) from 2,3-dichlorobiitane (3:7615) + si. excess CI2 in dark 
at —17® (together with 36.5% 1,2,3-trichlorobutane (3:5935)) see (1).] 

0 wich solid KOH at 140® loses HCl yielding (1) mixt. of a5-2,3-dichlorobutene-2 (3 : 5500), 
and trans 2,3-dichlorobutene-2 (3:7395). 


3:6680 (1) Tishchenko, Churbakov. J. Gen. Chem. (U.S.S.R.) 6, 1553-1558 (1936); C.A. 81, 
2165 (1937); Cent. 1937, 1 3786. (2) Tishchenko, J. Gen Chem. iU.S.S.R.) 8, 1232-1246 (1938); 

C.A. 83, 4190 (1939); CerU. 1939, II 4222. <3) du Pont Co., Brit. 535,586, April 16, 1941; C.A, 

86, 1337 (1942). (4) Levine, Cass (to du Pont Co.) U.S. 2,323,227, June 29, 1943; C.A. 38, 

119 (1944). 


3:5690 /3-CHLOROPROPIONYL CHLORIDE C3H4OCI2 

ClCH2.CII2.CO.Cl 

B.P. 144.5® (1) DL® « 1.3307 (3) 

144® (2) 

143-145® at 763 mm. (3) 

82-82.5° cor. at 162 mm. (4) 

87® at 96 mm. (5) 

53® at 23 mm. (5) 

Pale yel. liq. with pungent odor, sol. ale., ether, acetone, CHCI3 (1] 

[For prepn. from /3-chloropropionic ac. (3:0460) with PCI3 (3) or SOCI2 (96% yield (5)) 
see (3) (2) (5); from propionyl chloride (3:7170) + CI2 see (4) (9); from phosgene (3:6000) 
■f ethylene + AICI3 see (1) (this method questioned by (6) (7)).] 

C over AI2O3 at 250® loses 1 HCl giving (35% yield (10» (11) acryloyl cliloride (3:7153). 

/9-Cliloropropionic acid (3:0460): Ifts. from Igr. or pet. ether, m.p. 42®. [From C 
on boilg. with aq. (1).] 

® /8-Chloropropionamide: unrecorded. 

® ^-Chloropropionanilide: cryst. from aq. or MeOH, m.p. 119® (8). [From C -j- aniline 
in acetone; 90% yield (8).] 

® /3-Chloropropion-^-toluidide: cryst. from MeOH, m.p. 121® (8) (2). 

3:6690 (1) Pace, Gazz. chim. ital. 69, 580-582 (1929). (2) Wolffenstein, Rolle, Ber. 41, 736 
(1908). (3) Henry, Compt. rend. 100, 116 (1886); J. prakt. Chem. (2) 81, 127 (1886). (4) 
Michael, Ber. 34, 4047-4048 (1901). (5) Fieser, Scligman, J. Am. Chem. Soc. 68, 2484 (1936). 
(6) Frolich, Wiezevich, Ind. Eng. Chem. 34, 16 (1932). (7) Varshavskii, Doroganyevskaya, 

Gazz. chim. ital. 64, 53-59 (1934). (8) Mayer, van Ziitphen, Philipps, Ber. 68, 860 (1927); 
Mayer. Get. 416,096, June 13, 1925; Cent. 1926, II 1094. (9) Schmidt, Schloffer (to I.G.) Ger. 

738,398, July 16, 1943; C.A. 38, 3992 (1944). (10) Mowry, J. Am. Chem. Soc. 66. 371 (1944). 

(11) Fikentscher (toI.G.), U.S. 2,060,762, Aug. 11, 1936; C.A. 30, 6762 (1936): Brit. 333,079, 
Aug. 28, 1930; Cent. 1930, II 2830; C.A. 36, 624 (1931). 


Beil. H . 250 
Hi- 

n2-(227) 
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3:6700 


3:6700 ETHYL CHLOROACETATE 


CH2.C0CX)2H6 

ii 


C 4 H 7 O 2 CI 


Beil n - 197 
ni.( 88) 
n2-(i9i) 


( 8 ) 

(14) 

( 11 ) 


B.P. 

F.P. 




144.6-144.9® at 764.2 mm. 

(1) -26® (13) 

Z)t® = 

1.1561(11) 

» 1.42162 

143.8-144.2® 

( 2 ) 


1.1560 ( 8 ) 

1.4206 

143.7-144.2® cor. 

(3) 


1.1498 (14) 

1.4203 

143.6® at 760 mm. 

(4) 




143.5® at 768 mm. 

(5) 

0 ^ = 

1.1573 (3) 


143® at 766 mm. 

( 6 ) 




142.8® 

(7) 




142.6-143.0® at 760 mm. 

( 8 ) 




142.0-142.3® at 743 mm. 

(9) 




141-142.6® at 738 mm. 

( 10 ) 




140-142® at 736 mm. 

( 11 ) 




62® at 20 mm. 

( 12 ) 





Colorless liq.; for constant-boilg. mixt. of C with various org. cpds. see Beil. II*- (191) 
or (4) (15) (16), — [For insecticidal actn. see (17); for use in refining of mineral oil see 
(18).] 

[For prepn. of C from chloroacetic acid (3:1370) with EtOH + dry HCl gas (10) cf. 
(72.5% yield *(22)) or H2SO4 (70% yield (23)) (19) or anhydrous MgCl* (20) see indie, 
refs.; from chloroacetyl chloride (3:5235) with EtOH (5) or with triethyl orthoformate 
(1:3241) at 100-110® (90% yield (21)) see indie, refs.; from a,/^-dichlorovinyl ethyl ether 
(3 : 5640) with org^ acids see (24) (25).] 

[For formn. of C from ethyl hydroxyacetate fethyl glycolate) with PCls see (26); from 
ethyl aminoacetate hydrochloride with NaNO* excess HCl see (27); from ethyl diazo- 
acetate with HCl (27) (28) or with HgCl* (70% yield (11)) see indie, refs.; from dichloro- 
acetaldehyde monoethyl hemiacetal (3:5310) with ale. KCN at 20® (38% yield) see (29); 
from ethyl a-chloroacetoacetate (3 : 6207) with diethyl sodiomalonate see (30).] 

C refluxed with KF yields KCl + ethyl hydroxyacetate (+ some ethyl fluoroacetate) 
(31); C with Mgl* in ether (32) or KI in ale. (3) (34) or in acetone at ord. temp. (35) yields 
ethyl iodoacetate, b.p. 180®. [For studies on rate of reactn. of C with KI in acetone see 
(36) (37) (38); with Nal or Lil in acetone see (38).] 

[C with Al/Hg + a trace of ale. (39) or with Mg + trace of I* in ether (40) or C with 
Mg 4- trace HgCl* in ether (41) yields ethyl r-ehloroacetoacetate (3:6375), b.p. 205®; 
C with NaCN (25) or KCN (42) yields ethyl cyanoacetate; C with ethyl sodioacetoacetate 
gives (50-62% yield (23)) diethyl acetosuccinate.j 

[C with 2 moles MeMgBr (but not MeMgl) in ether gives (yield: 60% (43), 38% (44)) 
l-chloro-2-methylpropanol-2 (3:7752) (note, however, that C with a large excess MeMgBr 
(4 moles) gives (40% yield (45)) 2-methylbutanol-3 (1:6170) (3,5-dinitrobenzoate, m.p. 
74-75®)): for reactn. of C with EtMgBr yielding (46) 3-(chloromethyl)-pentanol-3 [Beil. 
1-412], with isopropyl MgCl (47), or with phenyl MgBr (3 moles) yielding (48) chloromethyl- 
diphenyl-carbinol [Beil. VI-685] see indie, refs.) 

[For use of C with Zn (or Zn + Cu (49)) + ketones to give by Reformatsky reactn. (50) 
/S-hydroxy-esters see indie, refs.] 

G treated with aq. benzenediazonium chloride -f NaOAc gives (15% yield (6)) ethyl 
y-chloro-zS-phenylhydrazono-acetoacetate, m.p. 92-93® (6). 

0 with MejN in abs. ale. followed by treatment with 100% hydrazine hydrate as directed 
(51) (52) gives 83-89% 3 neld (51) betaine hydrazide hydrochloride, (CH 3 ) 8 N (Gl).CHt.- 
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CO.NH.NH2 (Girard’s reagent for ketones), m.p. 192®. [For corresp. reactn. using pyridine 
instead of MesN see (52).] 

C shaken in cold with 2 vols. cone. aq. NH4OH gives (53) (54) (28) (29) ^78-84% yield 
(55)) chloroacetamide, cryst. from aq., m.p. 119-120° (55), 120° (28). — C htd. at 100° 
for H lir* with 2 moles aniline, cooled, aniline hydrochloride extracted with aq. gives (100% 
yield (56)) (57) (58) ethyl anilinoacetate (phenylglycine ethyl ester) [Beil. XII-470, XIli- 
(263)1, cryst. from dil. ale. (56) (57) or Igr. (58), m.p. 58° (58), 57-58° (57), 57° (56). [This 
prod, on boilg. wiih excess aniline yields (57) anilinoacetanilide (phenylglycine anilide) 
[Beil. XII“556], m.p. 110-111° (57).] — C htd. with aq. benzylamine yields (59) chloroacet- 
N-benzylamide, m.p. 93.0-93.6° cor. (59). 

[C with ethyl carbamate (“ urethane ”) + Na in dry ether as directed gives (51-57% 
yield (66)) triethyl AT-tricarboxylate = N(COOC2H6)3 [Beil. III-28], b.p. 146-147° at 
12 mm. (66).] 

C h\4. as directed (60) with K tctrachlorophthalimide yields iV-(carbethoxymethyl)" 
tetrachlorophthalimide, ndls. from CHCI3 on pouring into 2 vols. MeOH, m.p. 180-181° 
(60); C with Na phthalimide yields (61) Ar-(carbethoxymethyl)phthalimide, m.p. 112- 
113° (61); C with K 3-nitrophthalimide yields (62) iV-(carbethoxymethyl)-3-nitrophthali- 
mide, ndls. from ale., m.p. 79-80° (62). 

C on hydrolysis (e.g., by boilg. 10 min. with N/lO aq. Ba(OH)2 (14)) yields ethyl alcohol 
(1:6130) and chloroacetic. acid (3:1370). [For studies on the kinetics of hydrolysis of 
C under various conditions see Beil. Il2-(191-192) and (2) (14) (63) (64) (65).] 

8:5700 (1) Schiff, Ann. 220. 108 (1883). (2) Timm, Hinshelwood, J. Chem. Soc, 1938, 862-869. 
(3) Perldn, J. Chem. Soc. 65, 423 (1894). (4) Lecat, Ann, soc. set. BruxeUes 45, 1 175, 291 (1926). 

(6) WUlm, Ann. 102, 109-111 (1857). (6) Favrel, BuU. soc. chxm. (4) 41, 1601- 1603 (1927). 

(7) Cheng, Z. physik. Chem. B-24, 306 (1934). (8) Karvonen, Ann. Acad. Set. Fenntcae, A-10, 

No. 4. 20 (1916). (9) Oddo, Ca&alino, Gazz. chim. xial. 57, 61 (1927). (10) Pribham, Handl, 

Monatsh. 2, 696 (1881). 

(11) Nesmeyanov, Powch, Ber. 67, 971-974 (1934). (12) Forster, Newman, J. Chem. Soc. 

97, 2573 (1910). (13) Timmermans, Bull. soc. chxm. Belg. 36, 507 (1927). (14) Newitt, Linstead, 

Sapiro, Boorman, J. Chem. Soc. 1937, 876-883. (15) Lecat, Rec. trav. chxm. 45, 622 (1926). 

(16) Lecat, Ann. soc. sex, BruxeUes 47, I 152 (1927). (17) Roark, Cotton, Ind. Eng. Chem. 20, 

612-514 (1928). (18) Ferris (to Atlantic Refining Co.), U.S. 2,062,872, Dec. 1, 1936; Cent. 

1937, I 3578; C.A. 31, 849 (1937). (19) Conrad, Ann. 188, 218 (1877). (20) Petyanin, J. Gen. 

Chem. (U.8.S.R.) 10. 35-38 (1940); C.A. 34, 4726 (1940). 

(21) Levaillant, Compt, rend. 195, 882 (1932). (22) Toole, Sowa, J. Am. Chem. Soc. 59, 1972 

(1937). (23) Adkins, Isbell, Wojick, Org. Syntheses Coll. Vol. 2, (1st ed.), 262-263 (1943) ; 14, 
38-39 (1934). (24) Crompton, Vanderstichele, J. Chem. Soc. 117, 691-693 (1920). (25) Steph- 
ens, J. Soc. Chem. Jnd. 43, 313-314T, 327-328T (1924). (26) Henry, Ann. 156, 176 (1870). 

(27) Skinner, J. Am. Chem. Soc. 46, 736-738 (1924). (28) Curtins, J. prakt. Chem. (2) 38, 429 
(1888). (29) Chattaway, Irving, J. Chem. Soc. 1929, 1042-1043. (30) Gault. Klees, Bull, 

soc. chim. (4) 39, 891 (1926). 

(31) Swarts, Cent. 1903, 1 14. (32) Bodroux, BuU. soc. chxm. (3) 33, 833 (1905). (33) Kekul6, 

Ann. 131, 223 (1864). (34) Tiemann, Ber, 81, 825 (1898). (35) Knoll & Co., Ger. 230,172, 
Jan. 16, 1911; Cent. 1911, I 359. (36) Conant, Kirner, J. Am. Chem. Soc. 46, 249 (1924). (37) 

Conant, Kirner, Hussey, J. Am. Chem. Soc. 47, 489, 588 (1925). (38) Conant, Hussey, J. Am. 

Chem. Soc. 47,482, 486 (1925). (39) Picka, Doht, Weisl, Monatsh. 27, 1245-1249 (1906). (40) 
Alezandrow, Ber. 46, 1022 (1913). 

(41) Hamel, BuU. soc. chxm. (4) 29, 396-400 (1921). (42) Henry, Bull, soc, chxm. (2) 46, 62 

(1886) ; Muller, Ann. 131, 351 (1864). (43) Henry, Compt. rend. 142, 494 (1906) ; Rec. trav. chxm. 

26, 149 (1907). (44) Dersin, Ber. 54t, 315^3159 (1921). (45) Huston, Jackson, Spero, J. Am. 

Chem. Soc. 63, 1469-1460 (1941) . (46) SUsskind, Ber. 39, 225-226 (1906) . (47) Ivanov, Spassov, 
BxlU. soc. chxm. (5) 1, 1419-1424 (1934). (48) Klages, Kessler, Ber. 89, 1754 (1906). (49) 
Nieuwland, Daly, J. Am. Chem, Soc. 53, 184l2j-1846 (1931). (60) Shriner, Org. Reactions, I, 

1-38 (1942). 

(51) Girard.^Ora. Syntheses, CoU. VoL 2 (Ist ed.), 85-86 (1943) ; 18, 10-12 (1938). (52) Girard, 

Sandulesco, Hdo. Chim. Acta 19, 1095-1107 (1936). (53) Scholl, Ber. 29, 2417 Note (1896). 
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<S4) TrSger, HUle, J. prakt. Chem. (2) 71, 204 Note (1905). <6S) Jacobs, Heidelberger, Org- 

SyrUhetet, CoU. Vol. 1 (2nd ed.), 153-154 (1941); (1st ed.). 147-148 (1032); 7, 16-17 (1927) 
(56> Gault, BuU. aoe. ehim. (4) 3, 370 (1908). <57) Meyer, Bar. 8, 1156-1158 (1875). (58) 

Bischoff, Hausdorfer, Ber. 2270 (1892). (59) Buehler, Mackenzie, J. Am. Chem. Soc. 59, 
421-422 (1937). (60) Allen, Nicholls, J. Am. Chem. Soc 56. 1409-1410 (1934). 

(61) Weisz, Lanyi, Magyar Chem. Folyoirat, 39, 153-155 (1933); Cent. 1934, I 2746; C.A. 38, 
5815 (1934). (62) Sah, Ma, Ber. 65. 1630-1633 (1932). (63) Sapazhinikova, J. Phya. Chem. 

{U.S.S.R.) 13, 174-185 (1939); C.A. 34, 311 (1940). (64) Anantakrishnan, Krishnamurti, 

Proc. Indian Acad. Sci. 14-A, 270-278, 279-288 (1941); C.A. 36, 1837 (1942). (65) NewUng, 

HinzbelwcMxl, J. Chem. Soc. 1936, 1357-1361. (66) Allen, Bell, Org. Syntheaea, 34, 60-61 (1944). 


3:6710 l,l,2.TRICHLORO-2-METHYLPROPANE CHa C 4 H 7 CI 3 

CHs— (!:— CHCl, 


BeU. I - 196 
Ii- 




B.P. 

144.5-145.4° cor. (1) 

145-146° at 762 mm. (2) 
46-47° at 18 mm. (2) 


M.P. 

-6.5 to -6.0° (1) Bf = 1.9719 (1) 

ni” = 1.4666 (1) 


[For prepn. (together with other products) from ter-butyl chloride (3:7045) + CI 2 see 
(1); for formn. (32%) (together with 68% 3,3-dichloro-2-methylpropene-l ) from 1-chloro- 
2-methylpropene-l (3:7120) with CI 2 + NaHCOa at 0° see (2).] [The product described 
in Beil. I-T26 was very impure (l).l 

C on further chlorination yields (1) l,l,l,2-tetrachloro-2-methylpropane (3:4726), 
m.p. 179®. 

C on prolonged refluxing with dil. NaOH loses of its chlorine (1) but the reactn. 
products were not characterized. 


3:5710 (1) Rogers, Nelson, J. Am. Chem. Soc. 58, 1027-1029 (1936). (2) Tishchenko, J. Qen. 

Chem. {U.S.S.R.) 8, 1232-1246 (1938); C.A. 33, 4190 (1939); Cent. 1939, II 4222. 


3:5725 l,4-DICHLOROBUTENE-2 


Cl Cl 

Hac!)— CH=CH— (!:;H2 


B.P. 146“ (1) 

76-76“ at 40 mm. (1) 


C 4 H 6 CI 2 Beil. S.N. 12 
n??® - 1.4746 (1) 


For this structure two geom. stereoisomers are theoretically possible but only C (con- 
figuration undetermined) is known. 

[For prepn. of C together with other products) from butadiene-1,3 with CI 2 , either 
directly or in CHCls, CS 2 , or Igr. soln. see (1) (2); the process can be controlled so as to 
yield little or no 1,2,3,4-tetrachlorobutane but rather a mixt. of C and l,2-dichlorobutene-3 
(3:5350) in the ratio 1:2 (1) (2): for prepn. of C from l,2-diclilorobutene-3 (3:5350) via 
allylic transposition in pres, of metal halide cat. (3) such as AICI 3 (4) see (3) (4).] 

C does not (1) rearr. to l,2-dichlorobutene-3 (3:5350) even on htg. at 90“ in a s.t. 

C on htg. at 90“ with 2 pts. solid KOH loses HCl yielding (1) l-chlorobutadiene-1,3 
(3: 7210), b.p. 85“ (1). 

C on htg. in ale. with Zn dust yields (1) butadiene-1,3. 

C with CI 2 yields mainly (1) the solid form (m.p. 72®) 'of 1,2,3,4-tetrachlorobiitane 
(3:1760). 

C on oxidn. with dil. ale. KMnOi or with Os followed by aq. gives (1) chloroaoetic acid 
(3:1370). 



3:5725-3:5745 


DIVISION B, SECTION 1 


740 


8:5725 (1) Muakat, Northrup, J. Am. Chem. Soc. 52, 4043-4065 (1930). <2) Muskat (to du 

Pont), U.S. 2,038,693, Apr. 28, 1936; Cent. 1936, 11 3358; C.A. 30, 3912 (1936). |{3) I. G. Parben- 
industrie, Brit. 606,573, May 12, 1939; Cent. 1939, II 1672; C.A. 33, 7822 (1939); Nicodemus, 
Schmidt (to I.G.), Ger. 716,961, Jan. 15, 1942; [C.A. 38, 2350 (1944)1. (4) Nicodemus (to I.G.), 

U.8. 2,242,084. May 13, 1941; C.A. 35, 5134 (1941). 

3:5735 /J-CHLOROETHYL ACETATE C4H7O2CI BeU. H - 128 

CLCH2.CH2.O.CO.CH3 ni-( 57) 

n2-(i36) 

B.P. 145® (1) Z>i? - 1.1456 (2) n?? = 1.4234 (2) (3) 

142-144® at 743 mm. (2) 

142.4-143.8® at 733 mm. (3) 

Colorless oil, insol. aq. 

(For prepn. from /S-chloroethanol (3:5552) by actn. of AcCl (90% yield (4), 82% yield 
(5)) see (4) <5) (6); by actn. of AC2O at 110® see (7); for prepn. from ethylene oxide (1 :6105) 
+ AcCl see (3) (8); for prepn. from ethylene glycol diacetate (1:3511) + HCl + ht. + 
pressure see (9); for prepn. from ethylene + CI2 + AC2O sec (2) (10); for prepn. (95.5% 
yield (11)) from di-^-chloroethyl) sulfate + NaOAc H- AcOH see (11); for still other 
misc. methods see Beil. 11-128.] 

[For study of reactivity toward KI in acetone at 50® and 60° see (12) ; for study of p3Tolysis 
(to vinyl chloride) see (13); for conversion to ethylene oxide (1:6105) by treatment with 
alk. see (14) (15).] 

C htd. at 100° for 5 hrs. with thiourea (1 mole) gives 100% yield of /8-(j9-acetoxyethyl)- 
isothiourea hydrochloride, cryst. from mixt. of ale. + acetone, m.p. 136-137° (17). 

C on hydrolysis yields /!^-chloroethanol (3:5552) -f AcOH. [For study of hydrolysis 
by N/10 HCl see (16).] 

© N-(d-Acetoxyethyl)tetrachlorophthalimide: pi. from CHCI3 poured into 2 vols. 
MeOH, m.p. 168-169® (18). [From C + K tetrachlorophthalimide (18).] 

3:5735 (1) Simpson, Ann. 112, 149 (1859). (2) Baum, Vogt, Hennion, J. Am. Chem. Soc. 61, 

1458 (1939). (3) Gustus, Stevens, J. Am. Chem. Soc. 55, 383 (1933). (4) Bogert, Slocum, 

J. Am. Chem. Soc. 46, 766 (1924). (5) Blicke, Blake, J. Am. Chem. Soc. 53, 1018 (1931). (6) 

Henry, Ber. 7, 70 (1874). (7) Ladenburg, Demole, Ber. 6, 1024 (1873). (8) Altwegg, Landrivon, 

U.S. 1,393,191, Nov. 11, 1921; Cent. 1922, IV 947. (9) Britton, Coleman (to Dow Chem. Co.), 

U.S. 2,038,074, AprU 21, 1936; C.A. 30, 3837 (1936). (10) Bnt. 460,720, Feb. 3, 1937; C.A. 31, 

4676 (1937). 

(11) Suter, Evans, J. Am. Chem. Soc. 60, 637 (1938). (12) Conant, Kirner, Hussey, J. Am. 

Chem. Soc. 47, 498 (1925). (13) Bilger, Hibbert, J. Am. Chem. Soc. 58, 825 (1936). (14) Britton, 

Coleman, Mate (to Dow Chem. Co.), U.S. 2,022,182, Nov. 26, 1936; C.A. 30, 737 (1936); Cent. 
1936, 1 3016. (15) Simpson, Ann. 113, 116 (1860). (16) Drushel, Bancroft, Am. J. Sci. (4) 44, 

371-380 (1917) ; C.A. 12, 148 (1918). (17) Sprague, Johnson, /. Am. Chem. Soc. 59, 2440 (1937). 

(18) AUen, Nicholls, J. Am. Chem. Soc. 56, 1409-1410 (1934). 


3:5745 2,2-DICHLOROETHANOL.l 
(^,j8-Dichloroethyl alcohol) 


B.P. 146® (1) 

140-145® (2) 

Ck)lorless liq. ; sparin^y sol. aq., sol. ale 


(A C2H4OCI2 Beil. I - 338 

HC-CH,OH 

■i 

2>}: - 1.416 <2) ng* = 1.476% (2) 


, or ether; volatile with steam. 
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(For prepn. of C from j3,|8-dichloroacetaldehyde (3:6180) with Al(OEt )8 in abs. ale. (2) 
or with diethylzinc followed by aq. ( 1 ) see indie, refs.] 

C reduces NH 40 H/AgN 03 <1) (2). 

C on oxidn. with HNO 3 yields ( 1 ) dichloroacetic acid (3:6208). 

3:6746 (l) Delacre, Jahresber. 1887, 1247 . ( 2 ) Boeseken, Tellegen, Plusje. Rec. trav. chim, 67, 

76-76 ( 1938 ). 


3:6760 l,l, 2 , 2 .TETRACHLOROETHANE a 2 CH— CHCI 2 C 2 H 2 CI 4 
(Acetylene tetrachloride; 
s^.-tetrachloroethane) 


Beil. I - 86 

11- (36) 

12- (66) 


B.P. 


F.P. 


147® cor. 

(1) 

-44® 

<17) = 1.5881 <12) 

146.9-146.8° 

-43.8® 

(4) 1.58&9 (19> 


at 760 mm. (2) 


(6) (20) 

146.36® 

(3) 

-43.6® 

(18) 1.58658 (5) 

146.3® 

at 768 mm. (17) 

-42.5® 

(6) 

146.25° 

(4) 

' 

(18) 

146.2-146.7® cor. 


= 1.5966 (2) 


at 766 mm. (20) 


1.59457 (5) 

146.20® 

at 760 mm. (S) (6) 

1.5943 (9) 

145.6® 

(7) 



145.2® 

at 748 mm. (8) 



145.2® 

at 737 mm. (9) 



145-146® 

at 763 mm. (10) 



146.0® 

(11) 



144.7® 

at 761 nun. (12) 



144.6® 

(13) 



144.0-144.8° (14) 


r>l® = 1.60955 (5) 

143.5-144 

(15) 


1.6015 (12) 

140.6® 

at 676 mm. (12) 



136.0® 

at 694 nun. (12) 


For Dj from —21° 

130.0® 

at 602 mm (12) 


to 128° see (17). 

125.3® 

at 436 mm. (12) 



120.5® 

at 372 mm. (12) 



116.0® 

at 313 mm. (12) 



108.0® 

at 262 mm. (12) 



102.0® 

at 203 mm. (12) 



90.0® 

at 132 mm. (12) 



80.0® 

at 89 mm. (12) 



62.0® 

at 46 nun. (12) 



66.6-66.3® 

at 31mm. (16) 



66® 

at 17 nun. (12) 




= 1.501 (21) 

ng* .= 1.49509 (22) 
1.4947 (13) 

1.49419 (8) 

1.49415 (2) 

1.4940 (9) 

= 1.49490(23) 

= 1.40550 (24) 

njf = 1.49678 (5) 


For tia from 13~25^ 
see (11). 


Note: Care must be taken not to confuse C with tetrachloroethylene (3:5460) or with 
1,1,1,2-tetrachloroethane (wnst/m.-acetylene tetrachloride (3:5555)). 

Colorless liq. with odor similar to that of chloroform. — [For vapor press, of C at intervals 
over range 20-145® see (25); for study of thermal conductivity see (26).] 

C is very spar. sol. aq.: e.g., 1(X) g. H 2 O at 20® dis. 0.288 g. C; at 55-56® dis. 0.336 g. 
C (27); 1 g. C is sol. at 25® in 350 g. aq. (101); for soly. of H 2 O in C at 0®, 25®, and 30® as 



3:5750 l,l,2,i^-TETRACHL0R0ETHANE 742 

detd. by Karl Fischer reagt. see <28). — C is easily volatile with steam (for use io detn. 
of H20 see below). 

MISCELLANEOUS PHYSICAL PROPERTIES 

[For soly. in C of dry gaseous HCl (14) (15), H2S (14), or O2 (29) see indie, refs.; for 
soly. in C at 11-25® of I2 (30) and use of such solns. in detn. of iodine number (31) see indie, 
refs.; for adsorption by activated carbon of I2 from solns. in C see (32).] 

(For study of influence of vapors of C on the explosion limits of mixtures of air with 
hydrogen (33), acetylene (33), methane (33) (34) (35), or carbon monoxide (33) (36) see 
indie, refs.] 

[For prepn. of and comparison with C of sym.-dideuteroiotetrachloroethane, Cl2C(D).- 
C(D)Cl2, see (9).] 

Binary systems contg. C. [For f.p./compn. data and/or diagrams on systems C + 

1.2- dichloroethane (ethylene dichloride) (3:6130) (18); C + 1,1,2-trichloroethane (3:5330) 
(18); C + pentachloroethane (3:5880), eutectic, f.p. —73®, contg. 40.1% C (18); C + 
os-dichloroethylene (3:5042) (37); C -f frans-dichloroethylene (3:5028) (37); C + p- 
dichlorobenzene (3:0980) (38); C 1,2-dibromocthane (ethylene dibromide) (18); C + 

1.1.2.2- tetrabromoethane (acetylene tetrabromide) (18); C + succinonitrile (18); or C -}- 
succinic acid (1 : 0530) (18) see indie, refs. — For study of system C + naphthalene (1 : 7200) 
at 30® under press, up to 1000 atm. see (39).] 

C with various org. cpds. forms binary azeotropes [e.g., C with anhydrous formic acid 
(1:1005) forms a const.-boilg. mixt., b.p. 99.25® at 760 mm., contg. 32 wt. % C (40): note 
that C with AcOH (1:1010) does not form a const.-boilg. mixt. (41) (the data listed by 

Int. Crit. Tables ** for such an azeotrope is actually for the mixt. AcOH -f tetrachloro- 
ethylene); C with propionic_ acid (1:1025) forms a const.-boilg. mixt., b.p. 140.4® at 760 
mm., contg. abt. 40 wt. % C (12); for other azeotropes see Beil. Il2-(66). — Note that no 
record of formn. of azeotropes of C with MeOH or EtOH can be found.] 

Ternary systems contg. C. [For soly. data and diagrams of system C -f acetone (1 : 5400) 
-4- aq. see (43).] 

USES OF C 

C is widely used in industry as a solvent and as an intermediate in the manufacture of 
various other chlorinated solvents, notably trichloroethylene (3:5170); for additional 
examples of special uses see also below. 

C is frequently employed as solvent in certain types of Friedel-Crafts reactions or phthalic 
anhydride condensations (for study of use of C as solvent in Friedel-Crafts condensation 
of phenol with high-mol.-wt. acyl chlorides see (44)]. 

[For use of C as swelling agent for rubber (45), in prod, of films from rubber hydrochloride 
(46), in prod, of cellulose acetate by pptn. from C with hydrocarbons (47) (note that 
acetylcelluloses give with C crystalline addition prods. (48)), together with aliphatic mono- 
hydric ales, as solv. for cellulose alkyl ethers (49), in prepn. of transparent cellulose acetate 
plastics (50) see indie, refs. — For soly. of various polymers in C see (56).] 

[For use of C as catalyst in condensation of phenol with formaldehyde (51) or furfural 
(52) see indie, refs.] 

[For use of C with petroleum naphtha as a dry-cleaning fluid (53), for use of C as a rust 
remover (54), as means of removing mud barriers in oil wells (55), or as an immersion 
fluid in opt. crystallog. (21) see indie, refs.] 

(For use of C (57) (58) or stable aq. emulsions of C (59) as weed fillers see indie, refs.] 

(For studies of use of C in detn. of theobromine in cacao see (60) (61) (62) (63).] 

(For use of C as anti-moth prod. (64), as a component of insecticides (65), together with 
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CS 2 and chlorobenzene (3:7903) as insecticide (66), or together with 20% trichloroethylene 
(3 : 5170) as a fumigant and insecticide (67) see indie, refs.] 

[For studies on antiseptic, bactericidal, and disinfectant action of C see (68) (69) (70).] 

C is also employed for the detn. of H 2 O by distillation; note that besides being non- 
inflammable C is also much denser than water which for some applications of this method 
is advantageous. — [For general discussion and examples of this procedure see (226) <70) 
(71) (72) (73) (74) (75); for comparison of results with those obtd. by oven drying see 
(76); for application to detn. of H 2 O in liquid and solid fuels (77) (78), in ^ycerol (79) 
(80), in liquid glue (81), in cereal (82), in dried apples (83), in cooking salt (84) see indie, 
refs.] 


TOXICITY AND PHYSIOLOGICAL ACTION OF C 

C is the most toxic of the group of chlorinated hydrocarbons (85) and produces marked 
pathological alterations in gastrointestinal tract, liver, and kidneys. — [Detailed discussion 
of this aspect of C is beyond the scope of this treatment except to cite references (229) 
(227) (232) and (85)-(99), incl. (note that articles on this topic prior to 1930 are omitted).] 

[For discussion of fate of C in body see (100). — Note also that C (in sharp contrast to 
the closely related tctrachloroethylene (3:5460)) has no efficacy as anthelmintic for hook- 
worms (101).] 

[For actn. of C on ale. fermentation see (102) (103); for actn. on invertase see (104).] 
DETERMINATION OF C 

Some methods for the detn. of C involve conversion of all of its halogen to chloride ion 
and subsequent volumetric or gravimetric detn. of the latter; e.g., for methods based on 
initial pyrolytic decomposition see (105) (89) (106) (107); for methods based on dehalogena- 
tion of C with Na 4- ethanolamine in dioxanc see (108) (230) (note that use of Na in liq. 
NHs causes some cyanide formn. (109)). — For detn. of C by means of elimination of 
1 HCl with cold ale. KOH see (110). — For detn. of C by means of the Fujiwara color 
*reactn. with NaOH/pyridine see (111). — Note that C does not respond to the R -f H 
“ Tri-Per- Analyzer ” (a recording ultra-violet photometer) (112). — For further comments 
on detection of C see below under color tests. 

PREPARATION OF C 

C is one of a large family of chlorinated solvents ’’ now available from industrial 
sources. — The most-studied method of prepn. is that from acetylene by controlled addition 
of chlorine, although variants of this method are employed and other starting prods, (see 
below) are sometimes used. — C is also obtained as a by-prod, of the manufacture of the 
comml. mixt. (3:5030) of the two stercoisomeric 1,2-dichloroethylenes, cis (3:5042) and 
irans (3:5028), 1,1,2-trichloroethane (3:5330), etc. 

From acetylene by addition of chlorine. Under suitable controls to avoid explosion 
and with the assistance of a wide variety of catalysts C is manufactured from acetylene by 
reaction with CI 2 . — [For a concise review of the general nature and difficulties of this 
general method see (113).] 

[For important general articles on this synthesis see (114)-(122) incl. — For examples 
of patents employing this method see refs. (123)-(138) inch; for special test of Ger. 204,833 
(131) see (118) (120); for test of Ger. 154,677 (133) see_ (119) (120).] 

From acetylene by other means. [For prepn. of C from acetylene with excess SbCU 
(139) (234) with SbCU + SbCU (140), with NOCl (4 moles) at 350® (141), with aq. NaOa 
soln. (142), with S 2 CI 2 + Fe powder in cold (143) (144) see indie, refs.] 
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From ethylene. [For formn. of C from ethylene + CI 2 (as by-prod, of prepn. of ethylene 
chlorohydrin (3:6562)) <145), from ethylene + CI 2 (as by-product of prepn. of 1,1,2- 
trichloroethane (3:6330)) (146) <147), from ethylene + CI 2 (as by-prod, of a three-part 
process for combined prepn. of C H- ethyl chloride) <198) see indie, refs. 

From dichloroethylenes. [For prepn. of C from cis-dichloroethylene (3:6042) in vapor 
phase at 95® in light of 4360 A with CI 2 (in absence of O 2 ) <149), or in liq. phase with SO 2 CI 2 
(1^ moles) in pres. of trace of dibenzoyl peroxide refluxed 3 hrs.in dark (85% 3 rield <150)), 
see indie, refs.] 

[For prepn. of C from <ra?zs-dichloroethylene (3:5028) in vapor phase at 80-95® in light 
of 4358 A with CI 2 see <151).] 

[For prepn. of C from ord. mixt. (3 : 5030) of both stereoisomeric dichloroethylenes with 
CI 2 <13) in light of 4360 A <152) see indie, refs.) 

From trichloroethylene. [For formn. of C (together with other prods.) from trichloro- 
ethylene (3:5170) + AICI 3 + HCl gas at 50® see <153).] 

From 1,2-dichloroethane (ethylene (di)chloride). [For prepn. of C from ethylene 
(di)chloride (3:5130) with CI 2 <148) in u.v. hght see <154).] 

From miscellaneous starting points. [For formn. of C usually together with other prods, 
from dichloroacetaldehyde (3:6180) with PCI 5 < 1 ), from jS-chloro vinyl iodochloride ” 
(ClCH=CH.ICl 2 ) on warming <16), from l,l, 2 -trichloro- 2 -iodoethane on distn. at ord. 
press. <156), from 1,2-di-iodoethylene with CI 2 <156), or from 1,1,2-trichloroethane (3:5330) 
with CI 2 -I- AICI 3 at 70-80® <231) see indie, refs.] 

STABILIZATION OF C 

[For patents on stabilization of C by addition of small amts, of phenols, aminophenols, 
etc. <157), or by addn. of less than 0.1% alkylamines <158) see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

Pyrolysis without catalyst. C on protracted reflux (20 days <159)) or techn. C on 
repeated distn. <160) leaves a residual high-boilg. fraction (“ Tetranachlauf ”) consisting* 
mainly of 1,1,2,3,4,4-hexachlorobutane (3:3155), ndls. from ale., m.p. 107° <159) <160), 
presumably formed by elimination of 1 Cl atom from each of 2 moles of C. — [C htd. in 
s.t. at 300® for 15 hrs. yields <139) trichloroethylene (3:5170); C in s.t. at 360° for 100 hrs. 
yields <139) hexachlorobenzene (3:4939).] 

Pyrolysis in pres, of various catalysts or HCl acceptors. C on smtable htg. particularly 
in the pres, of dehydrohalogenating catalysts or acceptors of the hydrogen chloride formed 
loses 1 mole HCl yielding trichloroethylene (3 : 5170). (For elimination of HCl by chemical 
means such as alk., NH3, etc., see below.) 

[E.g., C over pumice at 700® <161), over pumice contg. Cu 2 (P 04)3 at 450-600® <162), 
over ThOa below 390® <163) cf. <164), over BaCL at 300® <165), over bone char at 300-^10® 
<166), over activated carbon at 200-300® <167), 260® <168) (note yield diminishes with 
increasing temp. <233)) or 500® <169), or over suitable cat. <148) loses HCl yielding tri- 
chloroethylene (3:5170). — Note also that pure C on long exposure to u.v. light loses HCl 
binaolecularly yielding <159) l,l,2,3,4,4-hexachlorobutene-2 (3:1945), m.p. 80®.] 

[C + acetylene over cat. at 250° loses HCl yielding <167) trichloroethylene (3:5170) + 
vinyl chloride (3:7010); C with MeOH over AI 2 O 8 at 280° loses HCl yielding <170) tri- 
chloroethylene (3:5170) -h methyl chloride (3:7005).] 

Dehydrogenation. [C with air over pumice contg. CuCl 2 at 430-450® <171), or with 
CI 2 over activated carbon contg. CuCl 2 at 300-320® <172), or with hexachloroethane (3 : 4836) 
over cat. at 200-400° <173) loses its two hydrogenations yielding tetrachloroethylene 
(3:5460).] 
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(Partial) dehalogenatioii* (C with H 2 over Ni at 300-320® (174), or C with Fe or A1 + 
aq. (175) (176) or Zn -{- aq. (176) (177), or C with acetylene over hydrogenating cat. 
(such as Ni) on activated carbon at 350® (178) preferably in pres, of aq. vapor (179) or 
on electrolytic reductn. in pres, of ZnCl 2 (235) (236) loses 1 chlorine from each carbon atom 
yielding a mixt. (3:5030) of the two stereoisomeric 1 , 2 -dichloroethylenes. — Note that 
C with Zn in ale. yields (180) acetylene.] 

Oxidation. [C with air in ultra-violet light yields (181) (182) dichloroacetyl chloride 
(3:5290) (or in pres, of aq. dichloroacetic acid (3:6208)), accompanied by small amts, of 
oxalic acid and an octachlorobutane, m.p. 81®. (Note also that pure C on long exposure 
to u.v. light loses HCl bimolecularly yielding (159) l,l,2,3,4,4-hexachlorobutene-2 (3: 1945), 
m.p. 80®.)] 

[For be^vior of C with Cr 03 /H 2 S 04 (183) or over hot CuO (184) see indie, refs.] 
Behavior with Halogens 

Fluorination. [C with F 2 gas at 50® for 14 hrs. gives (185) l-fluoro-l,l,2,2-tetrachloro- 
ethane, b.p. 115.5-116.5®, dI® = 1.6218, nf? = 1.4487, and l,2-difluoro-l,l,2,2-tetrachloro- 
ethane, b.p. 92-93®, m.p. 24-25®, together with various other prods. — For fluorination 
of C with SbFa + _SbCl 5 see (186)).] 

Chlorination. [C with CI 2 (139) in CCI 4 soln. (187), in u.v. light (188) or X-radiation 
(189), or over activated carbon at 300-400® (190) (191), or in liq. phase at 60-70® (192), or 
with Fe at 20-80® (192), or with AICI3 at 20-100® (192), or under reflux at 120® (80% yield 
(193)), or C with anhydr. FeCla on htg. in s.t. (194), or even C with aq. bleaching powder 
(192) yields hexachloroethane (3:4835).] 

Behavior with H2SO4 

C with fumg. H 2 SO 4 (65% SO 3 ) in pres, of HgS 04 at 50-60® readily gives (198) (yields: 
70-73% (195), 32% (196), 30% (197)) glyoxal sulfate, O 2 SO 2 CH— CHO 2 SO 2 , [Beil. I 2 - 
(818)1, ndls. from CISO 3 H, m.p. 176-177® (198), ndls. with 1 AcOH, m.p. 121-122® from 
AcOH, the solv. of crystn. being lost completely in vac. over NaOH (199). ' 

Behavior with Alkaline Reactants 

C under influence of many alk. reactants loses 1 mole HCl; this reactn. is used for the 
manufacture of trichloroethylene (3:5170) (see also above under pyrolysis of C) and also 
by titration of the HCl or estimation of chloride ion formed as a diagnostic test for C (see 
below). 

C on htg. with aq. alk. or alk. carbonates (200) in pres, of tetraethylene glycol as promoter 
(228) or with aq. Ca(OH )2 or alk. carbonates ( 200 ) ( 201 ) (234) (114) (for test of Ger. 
171,900 (200) see ( 202 ) ( 120 )), or C with ale. KOH (203) cf. ( 122 ) or ale. NaOEt (203), 
loses 1 mole HCl yielding trichloroethylene (3:5170); note that in use of ale. alkali, distn. 
gives the const.-boilg. mixt. of EtOH with trichloroethylene, b.p. 70-71®, from which latter 
is separated by washing with aq. and subsequent drying over CaCl 2 (203). 

C with EtOH/ NaOH or EtOH/NaOEt (204) cf. (205), or C with 1 N EtOH/KOH in 
xylene ( 110 ), instantly and quant, splits out 1 HCl at room temp.; note that this does not 
occur with cts-dichloroethylene (3 : 5042), frans-dichloroethylene (3 : §028), trichloroethylene 
(3:5170) or tetrachloroethylene (3:5460), chloroform (3:5050), or carbon tetrachloride 
(3:5100), but does occur in analogous fashion with pentachloroethane (3:5880) (110). — 
[For rate of reactn. of 0 with KOH in 95% EtOH at 90® see (206).] 

Note, however, that C in acetone with excess standard alk. refluxed 3 hrs., then residual 
alk. titrated back, uses 5 equivalents of alk. (207); this surprising result is presumably to 
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be attributed to hydrolysis of C to glyoxal followed by disproportionation of latter to sodium 
glycolate; cf. (208). 

C with solid KOH on htg. yields (203) dichloroethylene (3:5030), trichloroethylene v 
(3:5170), tetrachloroethylene (3:5460), together with a spontaneously inflammable gas 
which may be chloroacetylene (3 : 7000). — C with anhyd. KOH in xylene at 80® under N2 
gives (209) a little dichloroacetylene (3:5010) (may be carried out as a lecture experiment 
(209)). 

Behavior of C with NH3 and Amines 

[C with excess NH3 gas in pres, of aq. (210), or with aq. NH4OH htd. under press. (210) 
(120), or with liq. NH3 at —40° (211) (212), or with dry pyridine on reflux (182) loses 
HCl giving (yields: 92% (211) 92-96% (210)) trichloroethylene (3:5170).] 

[C htd. with aniline + aq. Ca(OH)2 at 140-190° under press, yields (213) a mixt. of 
the calcium salt of iV-phenylglycine and A^-phenylglycine anilide, cf. (122); since this 
reaction really involves conversion of C by loss of HCl to 1,1,2-trichloroethylene (3:5170) 
and reactn. of latter with aniline see 3 : 5170 for details.] 

C with excess phenylhydrazine on stdg. at ord. temp, evolves N2, ppts. phenylhydrazine 
hydrochloride, and yields CeHe (110); the full mechanism of this behavior seems never 
to have been established, but tlie same three prods, are also similarly obtd. from penta- 
chloroethane (3:5880) and hexachloroethane (3:4835). 

(For rate of reactn. of C with piperidine in 95% EtOH at 90° see (206).] 

Behavior op C with Metals 

[For survey of action of C on various common metals (214) (215) in pres, of moisture 
(223) see indie, refs.] 

C with Na or K or their alloys may (like many other polychloro compounds) explode 
under certain conditions [for extensive studies of this behavior including sensitivity to 
mechanical shock see (216) (217)]. 

Behavior op C with Metal Salts 

[C with AICI3 at 110° undergoes partial rearr. (218) to the isomeric 1,1,1,2-tetrachIoro- 
ethane (3:5555). — C with freshly prepared anhyd. AlBra on htg. below b.p. of C yields 
(219) 1,1,2,2-tetrabromoethane (acetylene tetrabromide ) [Bed. 1-94, li-(30), l2-(66)].] 

C with iV/15 AgNOs in 95% EtOH shows no reactn. even after 12 hrs. at 90° (206) cf. (80). 

MISCELLANEOUS 

[C does not react with excess Hg di-p-tolyl (220). — C with excess CeHsMgBr yields 
1,1,2,2-tetraphenylethane [Beil. V-739, Vi-(371), V2-(673)] (221) cf. (222).] 

COLOR REACTIONS OF C 

® With cyclopentanol (1:6412). C (1 drop) with cyclopentanol (2 ml.) -f trace solid 
NaOH, boiled 25 secs., cooled, acidified with AcOH or 85% H2SO4, stood 1 min., shaken 
gives (224) green color. [Note that this same response is also shown by 1,1,2-trichloro- 
ethylene (3:5170) but not by methylene dichloride (3:5020), CHCI3 (3:5050), CCI4 
(3:5100), ethylene dichloride (3:5130), pentachloroethane (3:5880), cts-(3:5042) or 
tran9^ (3:5028) 1,2-dichloroethylene, or tetrachloroethylene (3:5460); for sensitivity 
for C see (224).] 

With pyridine + NaOH (Fujiwara reagt.) [For detn. of C with Fujiwara reagt. see 
(111); for relative sensitivity of Fujiwara reagt. to C as compared to CHCI3 (3:5050), 
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CCI 4 (3:6100), 1 , 1 , 2 -trichloroethane (3:6330), trichloroethylene (3:6170), and tetra- 
chloroethylene (3:5460) see (100).] 

With NH 4 OH/CUCI. Note that C with NH 4 OH/CUCI does not give blue color within 
6 min. (225) (dif. from pentachloroethane (3:5880) q.v.). 
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chim. ind. applicata 14, 450-455 (1932) ; CerU. 1933, 1 2883, [C A. 27, 805 (1933)]. (103) Plagge, 
Biochem. Z. 118, 129- 143 (1921) ; C.A. 16, 2894 (1921) ; not in C.A. (104) Bonino, Mazzucchetti, 
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(105) Winteringham, J. Soc. Chem. Ind. 61, 190-192 (1942) ; C.A. 37, 1951 (1943). (106) Smyth, 

Ind. Eng. Chem., Anal. Ed. 8, 379 (1936). (107) Elkins, Hobby, FuUer, J. Ind. Hyg. Toxicol. 

19, 474-485 (1937). (108) Winteringham, J. Soc. Chem. Ind. 61, 186-187 (1942); C.A. 87, 
1951 (1943). (109) Dains, Brewster, J. Am. Chem. Soc. 42, 1576 (1920). (110) Gowing-Scopes, 

Analyst 39, 385-388 (1914). 

(Ill) Barrett, J, Ind. Hyg. Toxicol. 18, 341 (1936). (112) Hanson, Ind. Eng. Chem., Anal, 

Ed. 13, 119-123 (1941). (113) Thorpe, Whitely, “ Dictionary of Applied Chemistry,” 4th ed. 

(1937), 1, 98-99. (114) Klebanskii, Gosudarst. Inst. Prikladnoi Khim., Sbomik Statei 1919- 

1939, 35^383 (1939); C.A. 36, 2521 (1942). (115) Favoiskii, Margules, Davuidova, Trans. 
State Inst. Applied Chem. (U.S.S.R.) 24, 47-54 (1935); C.A. 29, 7271 (1935). (116) Suknevich, 

Khomutin, Trans. State Inst. Applied Chem. {U.S.S.R.) 24, 64-66 (1935); C.A. 29, 7271 (1936). 
(117) Shagalov, Trans. Mendeleeo Congr. Theor. Applied Chem. 6th Congr. 1932, II Pt. 1, 730-737 
(1936); CerU. 1936, II 2226, [C.A. 30, 1893 (1936)]. (118) MUoslavskii, Postovskii, J. Chem. 

Ind. {U.S.S.R.) 7, 1414-1419 (0930); Cent. 1931, II 1164; C.A. 26, 5391 (1931). (119) Kraft, 
Alekseev, J. Chem. Ind. [U.S.S.R.) 8, 861-863 (1931); Cent. 1931, II 2385; C.A. 26, 79 (1932). 
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I 3664; C.A. 27, 1611 (1933). 
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C.A. 26, 5106 (1932): Brit. 310,964, June 26, 1929; Cent. 1930, II 2957; C.A. 24, 630 (1930): 
Ger. 553,149, Sept. 30, 1932; Cent. 1932, II 3303; [C.A. 27, 736 (1933)]: Swiss 141,529, Oct. 1, 
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tium ftir Elektrochem. Ind.), Ger. 669,434, May 3, 1938; Cent. 1938, II 3006; C.A. 32, 6867 
(1938). (130) (Z)ompagiiie des Prod. Chim. d'Alais et de la Camargue, Ger. 410,529, March 11, 
1926; [Cent. 1925, 1 2185], not in C.A.: Austrian 93,604, July 26, 1923; Cent. 1924, I 1866; not 
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C.A. 33, 6001 (1939). (142) Maze. U.S. 1,425,669, Aug. 16, 1922; C.A. 16, 3314 (1923). (143) 
Michel, Z. angew. Chem. 19, 1096 (1906). (144) Salzbergwerk Neu-Stassfurt, Ger. 174,068, 
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(146) Askenasy, Heller, Ger. 649,341, April 26, 1932; Cent. 1932, II 287; C.A. 26, 3807 (1932). 
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(161) Nicodemus, J. prakt. Chem. (2) 83, 312-317 (1911). (162) Schering-Kahlbaum, A.G., 

Brit. 374,949, July 14, 1932; Cent. 1932, II 2107; not in C.A. (163) Chem. Fabrik Buckau, 
Ger. 274,782, May 27, 1914; Cent. 1914, II 95; C.A. 8, 3350 (1914). (164) Tompkins (to Clayton 
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31, 419 (1937): French 805,563, Nov, 24, 1936; Cent. 1937, 1 2258; C.A. 31, 4345 (1937). 

(171) Kali-Chemie, A.G., Italian 383,229, June 4, 1940; Cent. 1942, I 3143. (172) A. Wacker 
Soc. Elektrochem. Ind., Brit. 468.921, Aug. 12, 1937; Cent. 1937. II 3813; C.A. 32, 596 (1938). 
(173) A. Wacker Soc. Elektrochem. Ind., French 832,749, Oct. 3, 1938; Cent. 19^, II 4126; 
C.A. 83, 2540 (1939). (174) Mailhe, Compt. rend. 172, 1583 (1921); BuU. aoc. chim. (4) 29, 
636-536 (1921). (175) Consortium fiir Elektrochem. Ind., Ger. 216,070, Nov. 11, 1909; Cent. 

1909, II 2103; C.A. 4, 812 (1910). (176) A. Wacker Soc. Elektrochem. Ind., Ger. 345,259, 
Dec. 8, 1921; [Cent. 1922, II 443]; not in C.A.: Brit. 156,080, Jan. 27, 1921, Cent. 1921, II 1061; 
C.A. 16, 1536 (1921). (077) Consortium fur Elektrochem. Ind., Ger. 217,554, Jan. 17, 1910; 
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C.A. 37 , 4407 (1043). (188) Salzbergwerk Neu-Stassfurt, Ger. 248,982, July 6, 1912; CeiU. 
1313 , II 299; C.A. 6 , 2824 (1912). <189) Loiseau, French 565,356, Jan. 25, 1924; Cen<. 1936 , 
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Ger. 362 , 743 , Nov. 2, 1922; Cent. 1933 , II 743; C.A. 18 , 991 (1924). <199) Fischer, Taube, 

Ber. 63 , 850-856 (1926). <200) Consortium fiir Elektrochem. Ind., Ger. 171,900, June 18, 1906; 

Cent. 1306 , II 571; Ger. 208,834, AprU 8, 1909; Cent. 1969 , I 1785; C.A. 3 , 2210 (1909). 
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Ward, J. Chem. Soc. 1934 , 2003. <206) Petrenko-Kritschcnko, Ber. 61 , 853 (1928). <207) 
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257,878, March 22, 1913; Cent. 1913 , I 1373; C.A. 7, 2836 (1913). <209) Metz, J. prakt. Chem. 

(2) 136 , 142-144 (1932). <210) Compaguie des Products Chimiques d'AIais et de la Camurgue, 

Ger. 351,463, April 7, 1922; Cent. 1933 , IV 154; not in C A.; Brit. 132,755, May 14, 1919, C.A. 
14 , 285 (1920). Guyot, U.S. 1,343,716, Juno 15, 1920; C.A. 14 . 2344 (1920). 

<21l) Mkryan, Sbornik Trudov Armyanskogo Filmla Akad. Nauk 1940 , No. 2, 36-41; C A. 37 , 
5694 (1943). <212) Pogosyan, Mkryan, Russ. 50,533, Feb. 28, 1937; Cent. 1938 , II 412; C.A. 
31 , 8549 (1937). <213) British Dyestuffs Corp., Le^rmstein, Imbert, Brit. 173,540, Feb. 2, 1922; 

French 527,554, Oct. 27, 1921; Swiss 93,576, Maich 16, 1922, Cent. 1933 , IV 761; C.A. 16 , 1435 
(1922). <214) Gowing-Scopes, Analyst 39 , 7 (1914). (215) Fonnanek, Chem. Ohzor 6 , 57-59 

(1922); Cent. 1930 , II 976; C.A. 34 , 4492 (1930). <216) Staudinger, Z. angew. Chem. 35 , 658- 
659 (1922). <217) Lenze, Metz, Z. ges. Schtess-u. Sprengstoff. 37 , 255- 258, 293-296, 337-340, 

373-376 (1932). <218) Mouneyrat, Bull. soc. chim. (3) 19, 499-500 (1898). <219) Harlow, Ross 

(to Dow Chem. Co.), U.S. 1,891,415, Dec. 20, 1932; Cent. 1933 . I 1682; C.A. 37 , 1890 (1933). 
<220) Whitmore, Thurman, J. Am. Chem. Soc. 61 , 1497 (1929). 

<221) Binaghi, Gazz. chim. ital. 67 , 670, 675 (1927) ; Cent. 1938 , I 908-909; C.A. 33 , 573-574 
(1928). <222) Swarts, Bull, soc, chim. (4) 36 , 146,168-170 (1919). <223) Sastry, J. Soc. Chem. 

Ind. 36 , 94-95 (1916). <224) Weber, Chem. Ztg. 67 , 836 (1933); Cent. 1933 , II 3889, C.A. 38 , 
727 (1934). <225) Doughty, J. Am. Chem. Soc. 41 , 1129-1131 (1919). <226) Phillips, Enas, 

J. Assoc. Official Agr. Chem. 37 , 442—446 (1944). <227) Coyer, Hahnemannian MorUhly 79 , 

230-241 (1944); C.A. 88, 3358 (1944). <228) Strosacker, Amstutz (to Dow Chem. Co.), U.S. 

2,322,258, June 22, 1943; C.A. 38 , 114 (1944). <229) von Oettmgen, J. Ind. Hyg. Toxicol. 19 , 

399-403 (1937). <230) Rauscher, Ind. Eng. Chem., Anal, Ed. 9 , 296-299 (1937). 

<231) Tzurikh, Trans. SUUe Inst. Applied Chem. (U.S S.R.) 34 , 77-80 (1935); C.A. 39 , 7272 
(1935); not in Cent. <232) Lehman, Schmidt-Kchl, Arch. Hyg Bakt. 116 , 131-268 (1936); 
C.A. 31 , 477 (1937); not in CerU. <233) Yamaguchi, J. Chem. Soc. Japan 66, 1227-1231, 1232- 
1235 (1934); C.A. 39 , 4326 (1935). <234) Igi, J. Chem. Ind. Japan 33 , 1217-1237 (1920); C.A. 

16 , 2273 (1921). <235) Askenasy, Vogelsohn, Z. Elektrochem. 16 , 773 (1909). <236) Aten, 

Chem. Weekblad 19 , 352 (1922) ; Cent. 1933 , III 984; C.A. 16 , 3593 (1922). 


3:5755 l,l-DICHLOROPROPANOL-2 

(/3,/3>Dichloroisopropyl alcohol; 
dichloromethyl methyl-carbinol) 

B.P. 146>148° at 766 mm. <1) 


CsHeOCla 
CHr-CH— CHCI 2 
OH 


= 1.3334 (1) 


Beil. 1-363 

Ii- 

I^-(383) 


Moderately soL aq., very sol. ale., ether. 

(For prepn. of C from dichloroacetaldehyde (3:5180) with MeMgBr in dry ether (67.4% 
yield) see <1); from l,l-dichloropropanone-2 (wnsj/m.-dichloroacetone) (3:6430) with 
anhydrous acetaldehyde + Al(OEt)8 in dry ether (46% yield) see <2).] — [Note that the 
levorotatory stereoisomer of C, b.p. 146-148®, [a]B = —9®, has been obtd. (54% yield) 
from uTisym.-dichloroacetone (3:6430) by reduction with yeast <3).] 
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[For behavior of C with NaOEt in ale. or ether see (4).] 

[C with paraformaldehyde + ZnCl 2 gives (23.5% yield (5)) formaldehyde 
dichloroisopropyl)acetal [Beil. 1-575], b.p. 81® at 0.2 mm. (4).J 

/3,/3-Dichloroisopropyl benzoate: oil, b.p. 92-94® at 0.16-0.17 mm. (4). [Prom C 

with BzCl refluxed 4 hrs. at 160° (80% yield (4)).] 

j3,/3-Dichloroisopropyl carbamate: unreported. [Note, however, that the corresp. 

deriv. of levorotatory C (obtd. with carbamyl chloride in ether) has m.p. 61-63® (3).] 

8:6766 (1) Wohl, Roth, Her. 40, 217-218 (1907). <2) Nord, Ger. 434,728, Oct. 5, 1926; Cent. 
1926, II 2845. (3) Sen, J. Indian Chem. Soc. 1, 1-8 (1924/25); Cent. 1926. I 537; C.A. 19, 816 

(1925); Biochem. Z. 161, 51-53 (1924); Cent. 1924, II 2272; C.A. 19, 3277 (1925). <4) Wohl, 
Ber. 41, 3606-3608 (1908). 

3 : 5 760 3,3,3-TRICHLORO-l,2.EPOXYPROPANE C 3 H 3 OCI 3 Beil. S.N. 2363 
(w.w.w-Trichloropropylene oxide) CI 3 C — CH — CH 2 

V 

B.P. 149° at 764 nun. (1) = 1.49*1 (4) ng = 1.4737 (4) 

149° at 760 mm. (2) 

49° at 11mm. (I ) = 1.495 <5) ng*. = 1-4768 (5) 

44-45° at 13 mm. (2) 

41-4*° at 10 mm. <3) Z),® = 1.496* (5) 

39- 40° at 11 mm. (4) 

Colorless mobile liq. with sweetish not unpleasant odor suggesting epichlorohydrin 
(3:5368). [Note that C was at first (1) erroneously supposed to be 1,1,1-trichloroacetone 
(3:5620).! 

[For prepn. of C from chloral (3:5210) (1) (2) (4) or chloral hydrate (3:1270) (3) with 
diazomethane in ether (yields: 64% (2), 48% (4), 47.5% (3)) see indie, refs.) 

C does not (2) react with aq, o-nitrophenylhydrazme HCl or with aq. semicarbazide. 

|C with 5 pts. cone. aq. IICl evolves heat and by opening of epoxy ring yields (2) 1,1, 1,3- 
tetrachloropropanol-2 (3:9036), b.p. 95-96° at 17 mm. (2). — C with AC 2 O -j- trace 
sublimed FeCla gives (2) in analogous fasliion 3,3,3-trichloro 1 ,3-diacetoxypropane, b.p. 
126jl28° at 16 mm. (2).] 

[C with alcohols gives (3) corresp. alkox 3 rmethyl-hemiacetpls of chloral.] 

[C with MeMgl in dry ether at —15° gives (59% yield (4)) l,l,l-trichloro-3-iodopropanol- 
2, ndls. from pet. ether, m.p. 54-55° <4). — C with MeLi in dry ether at —75° gives (85% 
yield (4)) l,l,l-trichlorobutanol-2 (3:5955).] 

3:6760 <1> Schlotterbeck, Ber. 42, 2561 (1909). (2) Arndt, Amende, Ber. 61, 1121-1122 (1928). 

(3) Meerwein, Bersin, Burneleit, Ber. 62, 1002-1003, 1006-1009 (1929). (4) Gilman, Abbott, 

J Org. Chem. 8, 227-228 (1943). (5) von Auwers, Ber. 62, 1319 (1929). 

3:5765 METHYL /3-CHLOROPROPIONATE C 4 H 7 O 2 CI Beil. U - 250 

CICH 2 .CH 2 .CO.O.CH 8 Hi— 

n2-(227) 

B.P. 148-150® at 760 mm. (1) = 1.1634 (7) ng* = 1.4265 (7) 

148® (2) 

40- 42° at 10 mm. (3) 1)42 = 1.1874(1) n}? = 1.4319 (1) 

[For prepn. of C from jS-chloropropionic ac. (3:0460) by esterification with MeOH + 
HCl see (2) (3); from acrylic acid chloride (3:7153) -f MeOH see (2) (4), from methyl 
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acrylate (1 : 3026) by addn. of HCl see <1), from acrylonitrile + HCl to /3-chloropropionitrile 
followed by reactn. with MeOH (96% yield (5)) see <5).] 

[Note that the b.p. of 155-157® reported by (4) has been characterized as erroneous 

(2) (IM 

0 on htg. with diethylaniline at abt. 200° gives (1) (78% yield (3)) methyl acrylate 
(1:3025), b.p. 80° (1). 

[For study of acid hydrolysis of C see (6).] 

3:6766 (1) Moureu, Murat, Tampier, Ann. chim. (9) 16, 244 (1921). (2) Moureu, Ann. chim. 
(7) 2, 170-171 (1894). <3) Spath, Spitzy, Ber. 68, 2276 (1925). (4) Henry, Compt. rend. 100, 

116 (1886); J. prakt. Chem. (2) 31, 127 (1885). (5) British (to I.G.) 362,802, Aug. 6, 1931; 
Cent. 1981, II 2658. (6) Palomaa, Ber. 74. 1866-1870 (1941) ; C.A. 36, 5413 (1942). (7) Schjan- 

berg, Z. phyaik. Chem. A-172, 231 (1935). 


3:5770 CYCLOHEXYL CHLOROFORMATE C7H11O2CI Beil. S.N. 199 

(Cyclohexyl chlorocarbonate) CeHn.O.CO.Cl 

B.P. abt. 160° dec. (1) = 1.1359 (1) 

87.5° at 27 mm. (1) 

78-83° at 12 mm. (2) 

[For prepn. from cyclohexanol (1:6415) + phosgene (3:5000) sec (1); for application 
in prepn. of textile auxiliaries see (3).] 

® Cyclohexyl carbamate: from C + cone. aq. NH4OH; m.p. 110° (2). 

3:6770 <1) Kretov, Bakakina, Zhur. Priklad. Khim. 2, 809-810 (1929); C.A. 24, 1998 (1930); 
Cent, 1930, I 2876. (2) Puyal, Montague, BiUl. soc. chim (4) 27, 862 (1920). (3) French 

781,405, Sept. 2, 1932; Cent. 1933, I 313. 


8:5772 


l,l-DICHLORO-2-METHYLPROPANOL-2 C4H8OCI2 
(wnsym.-Dichloro-ier-butyl alcohol, CH3 

dichloromethyl-dimethyl carbinol) CHj— (j CHCI2 

(1)H 


Beil. I - 382 

11- 

12- 


B.P. 

151° (1) 

150.5° at 760 mm. <2) 
143.5° (3) 

52° at 10 mm. (4) 
38° at 6 mm. <4) 


M.P. 

+8° (4) U‘4® = 1.8363 (4) 

= 1.2507 <4) 


= 1.4598 (4) 


[See also the isomeric l,^ichloro^2-methylpropanol-2 (3:5977).] 


PREPARATION OF C 

[For prepn. of C from l-chloro-2-methylpropene-l (^,3-dimethylvinyl chloride = “ iso- 
crotyl chloride ”) (3:7120) by addn. of HOCl with CI2 + aq., aq. HOCl, or even alkyl or 
alkaryl hypochlorites as directed see (2) cf. <5) (3).] 

[For prepn. of C from a,a-dichloroacetone (3:5430) with MeMgBr in ether see (1).] 

[For prepn. of C from ethyl dichloroacetate (3:6850) with MeMgBr (74% yield (4)) 
or MeMgl (63% yield (6)) cf. <4) or from methyl dichloroacetate (3:5655) with MeMgBr 
(7) see'indic. refs.] 



753 


LIQUIDS WITH > 1.16 


3:5772-3:5775 


CHEMICAL BEHAVIOR OF C 

With inorganic reagents. C does nd (1) react with aq. HCl. — C cannot (4) be hydro- 
lyzed to the corresp. aldehyde, viz., a-hydroxyisobutyraldehyde [Beil. 1-829, l2-(871)], 
either by aq., aq. Na2C03, aq. CaCOa, or aq. PbO. 

[C with 5 N abs. ale. NHa in s.t. at 100° as directed gives (8) 2,2,5,5-tetramethyldihydro- 
pyrazine, m.p. 83-84° (8) (9).l 

With organic reactants. [For behavior of C with MeNH2 yielding a prod, of compn. 
C16H32N4 see (8).] 

[C with Me2NH in CeHe in s.t. at 130° not only introduces the dimethylamino group 
for one chlorine but also ring-closes with loss of HCl giving (52% yield (8)) l-(dimethyl- 
amino)-2-methyl-l, 2-epoxypropane (a,a-dimethyl-a'- (dimethylamino) ethylene oxide), b.p. 
28-30° at 13 mm., D??® = 0.8725, ng® = 1.4216 <8).] 

c^-Hydroxyisobutyraldehyde di-/3-naphthylacetal [(CH3)2-C(OH)CH(O.CioH7)2]: 

[This]^cpd. which might be expected from C with sodium /8-naphtholate is unreported; 
note that l,3-dichloro-2-methylpropanol-2 (3:5977) with sodium /3-naphtholate gives 
the corresp. di-jS-naphthyl ether, m.p. 151-152°.] 

i/naj/m.-Dichloro-ier-butyl acetate: unreported. 

i/nsj/m.-Dichloro-far-butyl benzoate: unreported. 

iinsj/m.-Dichloro-tey-butyl ^-nitrobenzoate: unreported. 

un^m. -Dichloro-^er-butyl 3,6-dinitrobenzoate: unreported. 

unsi/m. -Dichloro-^er-butyl carbamate: m.p. 122° (7). [Prepd. from unaym.- 

dichloro-fer-butoxy MgBr by treatment with phosgene (3:5000) followed by NH4OH 
<7).] 

3:6772 (1) Henry, C<mipL rend, 142, 131, Note 1 (1906); BtdL soc. chtm. Belg. 20, 152-156 (1906); 
Cent. 1906, II 1178-1179. (2) Groll, Hearne (to Shell Development Co), U.S. 2,060,303, Nov. 

10, 1936; Cent. 1937, I 4155; [C.A. 31, 419 (1937)1: N. V. de Bataafsclie Petroleum Maatschapij, 
Brit. 437,573, Got. 31, 1935; Cent. 1936, II 2227; [C.A. 30, 2199 (1936)]: French 787,529, March 
19, 1935; Cent, 1936, II 2227, C.A. 30, 1067 (1936). (3) Oeconomides, Compt. rend. 92, 1237 
(1881). (4) Avy, Balt, soc, chim. (4) 49, 12-18 (1931). (5) Burgin, Hearne, Rust, Ind. Eng. 

Chem. 33, 385-388 (1941). (6) lositch, J. Russ. Phys.-Chem. Soc. 36, 1551 (1906). (7) Yoder, 
J. Am. Chem. Soc. 46, 478-479 (1923). (8) Avy, BuU. soc. chim. (4) 49, 514r-622 (1931). <9) 
Conant, Aston, J. Am. Chem. Soc, 60, 2788 (1928). 


3:5775 

2,2,2-TRICHLOROETHANOL-l 

CljC.CHsOH CsHsOCl, BeiL I - 338 


(/3,j8,j8-Tricliloroethyl 

alcohol) 

Ii-(170) 





Is-(337) 

B.P. 



M.P. 


151° 

cor. 


18° (5) 

2^1 1.5500 (2) 

151° 

at 737 mm. 

(2) 

17° (6) 


151° 

si. dec. 

(3) 



149.5-150.5° at 766 mm. 

<4> 



149-150° 

at 760 mm. 

(4) 



148-150° 

at 720 mm. 

<6> 



111° 

at 170 mm. 

<6) 



94-97° 

at 125 mm. 

(3) 



67-68° 

at 26 mm. 

(7) 



58-60° 

at 16 mm. 

<8) 



55-56° 

at 11 mm. 

(9) 



52-54° 

at 10 mm. (10) 





3:5775 


2,2,2 -TRlCHLOROETHANOL-1 
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Colorless when pure, but slightly brown if distilled at ord. press. — Sol. in 12 pts. aq., 
vol. with steam ; miscible with ale. or ether. — Solid is very hygroscopic. 

C is an important pharmaceutical. — [Although full consideration of its pharmacology 
is beyond the scope of this text, for studies and reviews of this aspect see <11) <12) <13) 
(14) (40).] — C in the organism is in part excreted (15) (16) as urochloralic acid [Beil. I- 
620]. 


PREPARATION OF C 

C is readily obtd. from trichloroacetaldehyde (chloral) (3:5210) by various types of 
reducing actions which are able to effect reduction of the aldehyde group without serious 
interference with the halogen atoms. 

By use of various alcoholates. [For prepn. of C from chloral (3:5210) with Al(OEt)3 in 
abs. EfOH (yields: 85% (17), 84% (3), 80% (18)) (6) (10) (19) cf. (23) see indie, refs.; with 
A1 isopropylate in isopropyl ale. (20) in pres, of acetaldehyde (yield 72-87% (21)) see indie, 
refs.; with CsHgOlVIgBr (9), (CH3)2CHOMgBr (9), or other metallic isopropylates (22) 
see indie, refs.) 

By use of RMg^. [For formn. of C from chloral (.3 * .5210) during reaction with MeMgBr 
(24), with EtMgBr (25) (4), with iso-AmMgBr (4), with cyclohexyl MgBr (26), and various 
other RMgBr cpds. (7) (25) (yields: 65% (25), 50-60% (4), 42-52% (26)) see indie, refs.) 

By use of metal alkyls. [For formn. of C from chloral (3:5210) by use of ZnEt2 (2) 
(27) or AlEts cpd. with ether (88.5% yield (8)) see indie, refs.; note, however, that SnEti 
is not (8) effective.] 

By phytochemical agents. [For prepn. of C from chloral (3:5210) by reduction with 
fermenting yeast see (28) (5).] 

By misc. methods. [For formn. of C from urochloralic acid [Beil. 1-620] by hydrolysis 
with dil. mineral acid see (1); for formn. of C in small amts, from EtOH 4- CI2 see (29).] 


CHEMICAL BEHAVIOR OF C 
With Inorganic Reactants 

Oxidation. C reduces Fehling’s soln. on warming (2). — C with fumg. HNO3 is oxidized 
to trichloroacetic acid (1) (2). 

Behavior with alkalies. [C in cone. aq. NaOH first dissolves then gives a white ppt. of 
Na deriv. (33). C with aq. KOH dissolves and soon afterward reacts vigorously yielding 
(2) various prods, including chloroacetic acid (3:1370), /3,/3,/3-trichloroethoxyacetic acid 
[Beil. III-233], m.p. 69.5° (2), and formic acid (1:1005).] 

Behavior with inorganic acid chlorides. [C with PCI3 evolves HCl and yields (27) 
^ris- (/3,/3,^-trichloroethyl) ph^phite, b.p. 263°, no formation of 1,1,1,2-tetrachloroethane 
(3:5555) being evident. — C with PCls at 140° evolves HCl yielding (27) trt8-(/3,/3,/3- 
trichloroethyl) phosphate, m.p. 73-74° (sublimes without decn.) accompanied by a trace 
of 1 , 1 , 1 ,2-tetrachloroethane (3 : 5555 ) .] 

[C with SOCI2 gives (30) 5M-(j3,/3,j8-trichloroethyl) sulfite, b.p. 139.5-140° at 5 mm., 
m.p. 6-7°. — C with SO2CI2 in pyridine at 100° gives (30) 5w-(/3,/3,i3-trichloroethyl) sulfate,' 
m.p. 118.5-119.5° cor., also obtd. (30) by oxidn. of the preceding sulfite with acid KMn04 
in acetone.] 

Behavior with AlBrs. [C with AIBrs in CS2 (31) (32) undergoes replacement of chlorine 
by bromine yielding acc. to conditions /3-bromo-/8,/8-dichloroethanol, m.p. 17.5 (32), m.p. 
17.5° (32), or i8,i9-dibromo-/3-chloroethanol, m.p. 50°, b.p. 80° at 8 mm. (32).] 
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With Organic Reactants 

(See also below under derivatives.) — [C with diazomethane in heptane (33), n^BuOH 
(34), or acetone (33) (but not in ether (33)), yields /9,/3,^-trichloroethyl methyl ether, b.p. 
35-36® at 16 mm. (33).] 

[C with 2,3-dichlorodioxane-l,4 (3:9105) gives (50% yield (18)) 2-chloro-3-03,^,/5- 
trichloroethoxy)dioxane-l,4, m.p. 77-78°.! 

[C with BEts at 150° evolves C2H6 and gives (44% yield (8)) /5,^,/3-trichloroethyl di- 
ethylborate, CCI3CH2OB (C2H5)2, b.p. 78-79° at 12 mm. (8).] 

/3,j9,/3-Trichloroethyl acetate: oil, b.p. 167° si. dec. at 736 mm. (2), 71° at 18.3 mm. 

(2), 88-91° (35), D?? - 1.4239 (35), = 1.4691 (35). [From G with AcCl in s.t. 

at 130° for several hrs. (2).] 

/3,/3,/3-Trichloroethyl benzoate: oil (29). [Note, however, that no constants are 

reported in the literature.) 

^ /3,^,/3-Trichloroethyl m-nitrobenzoate: m.p. 75° (29) (26). [From C -f wi^nitro- 
benzoyl chloride -f aq. alk. (29).] 

<© /?,/?, /S-Trichloroethyl ^-nitrobenzoate: m.p. 71° (28) (25). [From C + p-nitrobenzoyl 
chloride + aq. alk. (28).] 

(p /3,/3,/3-Trichloroethyl 3,5-dinitrobenzoate: m.p. 142-143° (25). 

© /3,^,/3-Trichloroethyl carbamate: m.p. 64-65° (28) (36) (37) (38), 64° (39). [From 
C (1 mole) with carbamyl chloride (1 mole) in dry ether (28) (note that C with excess 
of carbamyl chloride gives (28) /3,^,/?-trichloroethyl allophanate, m.p. 182-183°), or 
from C by treatment with phosgene (3:5000) followed by NH3 (37). — Note that 
this prod, comprises the hypnotic pharmaceutical knowTi as “ Voluntal.** It also 
forms molecular cpfls. with various other pharmaceuticals; e.g., “ Voluntal,*' m.p. 
64r-65° + pyramidone (2, 3-dimethyl-4-dimethylamino-l -phenyl-pyrazolone-6) [Beil. 
XXV^62, XXVi-(672)), m.p. 108°, give a 1:1 mol. cpd., m.p. 75-76°, known as 
“ Compral for f.p./compn. data and diagrams on this (and similar systems) see 
(39).] 

^,/3,/3-Trichloroethyl iV-phenylcarbamate : m.p. 87° (39). [For f.p./compn. data 

and diagrams of this prod, (also known as iV^-phenylvoluntal) with antipyrine, etc., 
see (39).] 

© /3,/3,/3-Trichloroethyl iV-(a-naphthyl) carbamate: m.p. 120° (7), 119° (26). [From 
C -h a-naphthyl isocyanate at 120-135° for 2 hrs. (7).] 

3:6775 (1) von Mering, Z. physiol. Chem. 6, 487 (1882). (2) GarzaroUi-Thurnlackh, Ann. 310, 

64-68 (1881). (3) Chalmers, Org. Syntheses, Coll. Vol. 3 (1st ed.), 598-601 (1943); 15, 80-84 
(1935). (4) Jotsitch, J. Russ. Phys.-Chem. Soc. 36, 443-446 (1904); BvU. soe. chim. (3) 34, 

329-330 (1906). (5) Lintner, Luers, Z. physiol. Chem. 88, 122-123 (1913). (6) Callen (to 

Winthrop Chem. Co.), U.S. 1,725,054, Aug. 20, 1929; [Cent. 1930, I 434]; C.A. 33, 4709 (1929): 
Ger. 437,160, Nov. 18, 1926; Cent. 1037, I 802; not in C.A.: Brit. 286,797, April 5, 1928; Cent. 
1938, 1 2750; C.A. 33, 395 (1929). (7) Dean, Wolf, J. Am. Chem. Soc. 58, 332-333 (1936). 

(8) Meerwein, Hinz, Majert, Sonke, J. prakt. Chem. (2) 147, 236, 243 (1936). (9) Gallon (to 

I.G.), Ger. 565,157, Nov. 26, 1932; Cent. 1933, I 1514; C.A. 37, 992 (1933): Brit. 384,156, Dec. 
22, 1932; Cent. 1933, I 1351; [C.A. 37. 4240 (1933)]. (10) Nakai, Biochem. Z. 163, 272 (1924); 

Cent. 1936, I 637; [C.A. 19. 2807 (1925)]. 

(11) Case, Anesthesiology 4, 523-527 (1943); C.A. 38, 3352 (1944). (12) Lehmann, Knight, 

Am. J. Med. Sci. 197, 639-646 (1939) ; C.A. 34, 3366 (1940). (13) Lehmann, Knight, J. Pharma^ 

col. 63, 453-465 (1938) ; C.A. 33, 4321 (1939). (14) Molitor, Robinson, Anesthesia and Analgesia 

17, 268-263 (1938); C.A. 33, 9269 (1938). (15) Akamatsu, Wasmuth, Arch, expil. Pathol. 
Pharmakol. 99, 108-116 (1923); Cent. 1933, III 1186; C.A. 18, 112 (1924). (16) Ktiltz, Z. Biol. 
30, 161. (17) Meerwein, Schmidt, Ann. 444, 221-234 (1925). (18) Bdeseken, Tellegen, Plusje, 

Rec. trav. chim. 67, 74-76 (1938). (19) Meerwein (to F. Bayer CJo.), U.S. 1,572,742, Feb. 9, 

1926; Cent. 1936, I 3627; [C.A. 30, 1243 (1926)]: Brit. 235,584, June 27, 1926; [Cent. 1936, II 
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1097]; C.A. 20, 917 (1926). (20) CaUsen (to I.G.), Ger. 489,281, Jan. 15, 1930; Cent. 1930, I 
3104; [C.A. 24, 2140 (1930)]: Swiss 126,963, July 16, 1928; Cent. 1929, 1 1741; C.^. 28, 862 (1929). 

(21) Nord, Ger. 434,728, Oct. 5, 1926; Cent. 1926, II 2846; not in C.A. (22) I.G., Brit. 370,490, 
May 6, 1932; Cent. 1932, II 3303-3304; C.A. 27, 2961 (1933). (23) Dworzak, Monateh. 47, 12- 
13 (1926). (24) Kharasch, Kleiger, Martin, Mayo, J. Am. Chem. Soc. 63, 2306-2307 (1941). 
(25) Gilman, Abbott, J. Org. Chem. 8, 224^229 (1943). (26) Floutz, J. Am. Chem. Soc. 65, 
2256 (1943). (27) Delacre, Bull hoc. chim. (2) 48, 784-788 (1887). (28) Willstatter, Duisberg, 
Ber. 56, 2284-2286 (1923). (29) Altschul, Meyer, Ber. 26, 2758 (1893). (30) Sporzynski, 
Arch. Chem. Farm. 2, 243-247 (1935); Cent. 1935, II 2941; C.A. 30. 6938 (1936). 

(31) Miiller (to Winthrop Chem. Co.), U.S. 2,057,964, Oct. 20, 1936; C.A. 31, 112 (1937); 
not in Cerd.\ Brit. 366,581, March 3, 1932; Cent. 1932, II 770; [C.A. 27, 1893 (1933)]. (32) 
Schranz, Goth, Kuhn, Kaysor. Ger. 600,769, July 31, 1934; Cent. 1934, II 2286; [C.A. 28, 7429 
(1934)]. (33) Meerwein, Bersin, Burneleit, Ber. 62, 1006-1007 (1929). (34) Meerwein, Hinz, 
Ann. 484, 23 (1930). (35) Baum, Vogt, Hennion, J. Am. Chem. Soc. 61, 1468 (1939). (36) 
Willstatter, Straub, Hauptmann, Munch, med. Wochackr. 69, 1661-1664 (1922); Cent. 1923, I 
1196, not in C.A. (37) F. Bayer & Co., Ger. 358,125, Sept. 4, 1922; CerU. 1922, IV 888; C.A. 17, 
2172 (1923). (38) Mentzel, Pharm. ZeniralhaUe 63, 579-680 (1922) ; 64, 10-11 (1923) ; Cent. 1923, 
II 549. (.39) Pfeiffer, Seydel, Z. physiol. Chem. 178, 81-96 (1928). (40) Burtner, Lehmann, 
J. Pharmacol 63, 183-192 (1938); C.A. 32, 6741 (1938). 


3:5780 /3-CHLOROETHYL CHLOROFORMATE C 3 H 4 O 2 CI 2 Beil. HI - 11 
(/3-Chloroethyl chlorocarbonate) CICH 2 .CH 2 .O.CO.CI Eli — 

m2-(10) 

B.P. at 762 mm. (1) = 1,3885 (1) nf? = 1.4465 (1) 

Colorless lachrymatory liq. which fumes in air. — Insol. aq., eas. sol. ale., ether. 

[For prepn. from jS-chloroethanol (ethylene chlorohydrin) (3:5652) -f phosgene (3:5000) 
seejl).] 

C on slight warming with quinoline dec. at 41-42® into ethylene dichloride (3 : 6130) -f 

C(h (2). 

C is readily hydrolyzed by warm aq. or dil. alk. to jS-chloroethanol (3:5552) -f CG 2 + 
HCl (1). 

® j 8 -Chloroethyl carbamate: from C -f- 2 moles cone. aq. NH 4 OH; m.p. 76® (3) ( 4 ) (5). 
[The value of 115° given in Beil. III-ll is wrong (5).] 

® /3-Chloroethyl N-phenylcarbamate: from C in CeHe added to CeHe soln. of aniline 
(2 moles); after filtering off the pptd. aniline hydrochloride, the CeHe is evapd. (6); 
white ndls., m.p. 51° (3). [This deriv. on short boilg. with dil. aq. or ale. alk. loses 
HCl and by ring closure yields 3-phenyloxazolidone-2 [Beil. XXVII-136], Ifts. from 
ale., m.p. 124° (3), 122° (7).] 

® /3-Chlorocthyl N-^-tolycarbamate: white ndls. from CeHe, m.p. 45° (6). [On treat- 
ment with alk. this gives 3-(p-tolyl)oxazolidone-2, white ndls. from dc., m.p. 91° 
(6).l 

® j9-Chloroethyl phenylcarbazate: from C on treatment with 1 mole phenylhydrazine 
in aq. pyridine; the red oil initially formed soon solidifies and is recrystd. from CeHe; 
white ndls., m.p. 89° (8). 

3:5780 (l) Nekrassow, Komissarow, J. prdkt. Chem. (2) 123, 163 (1929). (2) Carr4, Bull. soc. 
chim. (5) 3, 1069 (1936). |3) Nemirowsky, J. prakl Chem. (2) 31, 174-175 (1886). (4) Ger. 
387,963, Jan. 1, 1924; Cent. 1924, II 403. (5) Kuroda, Cent 1927, II 243. (6) Adams, Segur. 
J. Am. Chem. Soc. 45, 787-789 (1923). (7) Otto, J. prdkt. Chem. (2) 44, 17 (1891). (8) Dox. 
J. Am. Chem. Soc. 48, 1962 (1926). 
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3:5786 1,1,1|2-TETRACBL0R0PR0PANB Cl CjHiCL BeU.I-107 

(^,(3,(5-TrichIoroisopropyl chloride) ^ Ii— 

■ A 

B.P. P.P. 

163-163° cor. atTBOnun. (1) -65° <1> = 1.4696 {6) ng* = 1.4866 (6) 

160-161° atTSlmm. ( 6 ) -64° ( 6 ) 2^8 = 1.473 (1) n= = 1.4867 (1) 

87-88® at 104 nun. <6V 

Colorless liq. insol. aq. [For use as dry-cleaning solvent see ( 2 ).] 

[For prepn. of C from l,l,l-trichloropropanol -2 (3:0846) via reactn. with PCI 3 and 
action of CI 2 on this product see < 1 ); for prepn. of C with 1 , 1 -dichloropropene-l (3:5120) 
+ CI 2 + cat. at 0-30® in absence of light see (3) (4); from 3,3,3-trichloropropene-l (3:5345) 
by addn. of HCl in pres, of 3% FeCla in s.t. at 50® for 50-100 hrs. see ( 6 ).] 

C with aq. or ale. NaOH or KOH for 3 hrs. at 95® gives (93% yield (5)) 1,1,2-trichloro- 
propene-1 (3:5395), b.p. 118® (5). 

3:5785 (1) Henry, Rec. trav. chim. 24, 333-334 (1905). (2) Sharp, U.S. 2,010,038, Aug. 6. 1935; 
Cmt. 1935, II 3859; C.A. 29, 6440 (1935). (3> Casa (to du Pont). U.S. 2,097,442, Nov. 2. 1937; 
Cent. 1938, I 1218; C.A. 32. 194 (1938). (4) du Pont Co. & Cass, Brit. 471,187, Aug. 30, 1937; 
Cent. 1938, 1 1218; C.A. 32. 958 (1938). (5) du Pont Co. & Cass, Biit. 469,051, July 19, 1937; 
Cent. 1938, I 1218; C.A. 32, 596 (1938). (6) Kharasch. Roasin, Fields, J. Am. Chem. Soc. 63, 

2558-2560 (1941). 


3 ; 5800 METHYL TRICHLOROACETATE C 3 H 3 O 2 CI 3 

BeU. n - 308 



CI 3 C.COOCH 3 

Hi- 

n2-(199) 

B.P. 


F.P. 


153.8° at 

760 mm. (1) 

-17.5® (1) Df = 1.4874 ( 8 ) 

nf? = 1.4673 ( 8 ) 

163° 

< 2 ) 

1.4864 (7) 

1.4671 7{7) 

152.3-152.5® at 766.3 mm. (3) 



160.0-160.5° at 

679 mm. (4) 



63-64° at 

12 mm. (5) 



44.6-44.6° at 

12 mm. ( 6 ) 



46.6-47.0° at 

11mm. (7) 




[For prepn. of C from trichloroacetic acid (3:1150) with MeOH at 60® (50-66% yield 
<2)), with MeOH + HCl at 50® (74.6% yield (2)), with MeOH + H 2 SO 4 <9), with MeOH 
-f- BF3.Et20 at 64° (73% yield (2)), or with Me 2 S 04 in s.t. at 200® (10) see indie, refs.; 
from trichloroacetamide + MeOH + BF 3 (53% yield) see (2); from tetrachloroethyli- 
dene trichlorolactate ” [Beil. XIX-105] with MeOH see (5).] 

[For studies on hydrolysis of C under various circumstances see (11) (6) (7) (12).] 

[For speed of reactn. with pyridine at 18-20® see (13).] 

3:5800 ( 1 ) Timmermans, BuU. soc. chim. Belg. 31, 392 (1922). (2) Toole, Sowa, J. Am. Chem. 
Soc. 59, 1971-1973 (1937). (3) Schiff, Z. physik. Chem. 1, 379 (1887). (4) Sudborough, Karve, 
J. Indian Inst. Sci. 5, 16 (1922) ; Cent. 1923, I 295; C.A. 17, 665 (1923). (5) Anschtltz, Haslam, 

Ann. 253, 124 (1889). (6) Skrabal, Monatsh. 71, 298-308 (1938). (7) Palomaa, Salmi, Korte, 

Ber. 72, 790-797 (1939). (8) Schjanberg, Z. physik. Chem. A-172, 229 (1935). (9) Dumas, 

Ann. 32, 111 (1839). (10) Simon. Compt. rend. 170, 685 (1923). 

(11) Olivier, Berger, Rec. trav. chim. 41, 642 (1921); 44, 643, 647-648 (1925). (12) Salmi, 

Suonpaa, Ber. 73, 1126-1131 (1940). (13) Tronov, Akivis, Orlova, J. Buss. Phys.-Chem. Soc. 

01, 346-353 (1929) ; Cent. 1929, II 2660; C.A. 24, 590 (1930). 
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3:6880 3-CHLOROPROPEN-8-OL-1 

(■y-Chloroallyl alcohol) 


CH=CH— CH2 

(111 ('iH 


c,Hs(xa 


Beil. I -439 

Ix— 

I2 


High-boiling B.P. 153,6^ at 766 mm. <1) 
stereoisomer 


= 1.1588 (1) 
= 1.1681 (1) 
DJ® = 1.1789 {!> 


ng = 1.4600 (1) 
n?>® = 1.4641 (1) 
n^° = 1.4664 (1) 


Low-boiling BJ*. 146.3° at 746 mm. (1) 
stereoisomer 


= 1.1683 (1) 
1^® = 1.1780 (1) 
Di" = 1.1769 (1) 


n|>® = 1.4573 (1) 
nff = 1.4617 <1> 
nf? = 1.4638 (1) 


Colorless liquids; both stereoisomers possess a delayed vesicant actn., and care should 
be taken in handling them. 

[For prepn. of C from 1 ,3-dichloropropene-l (7-chloroallyl chloride) (3:5280) by hydroly- 
sis for 2 hrs. under reflux with aq. 10% Na2C03 (10% excess over 1 equiv.) see (1); note 
that the high-boiling stereoisomer of 7-chloroallyl chloride gives (76% yield) of the high- 
boiling C, and that the lower-boilg. stereoisomer of 7-chloroallyl chloride gives (81% yield) 
the lower-boiling stereoisomer of C (1). — Note tliat from 7-chloroallyl acetate (which 
was presumably a mixture of the acetates of both stereoisomers of C) by hydrolysis with 
cold aq. NaOH C (presumably a mixt. of stereoisomers) luis been reported (2).] 

The two stereoisomers of C behave differently with hot aq. NaOH (1): the higher-boilg. 
stereoisomer fails to give any propargyl alcohol but some acetylene and sodium foi*mate are 
formed; the lower-boiling stereomer on refluxing with aq. 12.5% NaOH (10% excess) for 
3 hrs. gives (by dehydrochlorination) 69% yield of propargyl alcohol (propyne-l-ol-3) 
(Beil. 1-454], b.p. 114-115° (for study of influence of NaOH concn. and time s|ee (1)). 

<P 7-Chloroallyl iV-phenylcarbamate : ndls. from pet. ether, m.p. 75° (2). [From C -f 
phenyl isocyanate (note, however, that the C employed very probably was a mixt. 
of the two stereoisomers (2)).] 

3:5820 {!) Hatch, Moore, J. Am. Chem. Soc. 66, 285-287 (1944). (2) Kirrmanii, Pacaud, Dosque, 

Bull. 8OC. chim. (5) 1, 868 (1934). 


3:58^5 1,1,2,2-TETRACHLOROPROPANE Cl C 3 H 4 CI 4 Beil. I - 107 

CHg— d;— CHCI2 

B.P. 153-154° (1) D\l = 1.47 (1) 

163° (3) 


Liquid; misc. with ale. or ether; insol. aq. 

[For prepn. of C from o£,a-dichloroacetone (3:5430) -h PCU see (3); from 1,2-dichloro- 
propene-l (3:5150) by addn. of CI2 see (1); for formn. of C in small amt. as by-product of 
actn. of CI2 on propylene see (2).] 

C with warm ale. KOH, or with ale. NHa at 140° splits off HCl yielding (3) (1) 1,1,2 (?)- 
triehloropropene-l, (3:5395), b.p. 115° (3), 116-117° (1). 

3:5825 (1) Sasenic, Taggesell, Ber. 28, 2667-2668 (1896). (2) Goudet, Schenker, Helv. Chim. 

Acta 16, 136 (1927). <3) Borsche, Fittig, Anii. 133, 114-117 (1865). 
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3 : 5835 - 3:5840 


3:6835 

l,4.DICHLOROBUTANE CH2.CH2.CH2.CH2 C4H8CI2 

BeU. I - 119 


(Tetramethylene i I 

Ii-( 38) 


(di)chloride) 

I«-( 81) 

B.P. 

M.P. 


166° 

at 760 mm. (1) (6) -38.7° (4) « 1.1698 (2) 

- 1.4866 (2) 

74.7° 

at 60 mm. (2) 


63-68° 

at 12 mm. (3) 



The b.p. of 163° (3) is erroneous <1). 

[For prepn. from iV-benzoylpyrrolidine [Beil. XX-5] + PCls see (3); from JV,JV'-di- 
benzoyltetramethylenediamine + PCls see <5); from butanediol-1,4 (tetramethylene 
glycol) (1:6516) + SOCI2 see (10); from 1-chlorobutane by chlorination in light (together 
with other products) see (2) (7) (8) (9); from tetrahydrofuran [Beil. XVII-10, XVIIi-(6)] 
with HCl gas in pres, of 50% ZnCl2 (59% yield) see (15) [note that in absence of ZnCl2 
only 4-chlorobutanol-l (3:9170) is formed (15) (16).]] 

[C on passing over alkali (NaOH, K2CO3, soda-lime, etc.) at elevated temperatures 
(e.g., 700-750°) yields butadiene-1 ,3 .] [For studies of this reaction see (7) (8) (9).] 

C can be hydrolyzed to tetramethylene glycol (1 : 6516) only very slowly (6). 

C htd. with p-toluidine (3 moles) at 100° for 10 hrs. gives (70% yield (11)) iV-p-tolyl- 
pyrrolidine, b.p. 120° at 8 mm., cryst. from dil. ale., m.p. 42° (11). [For corresp. behavior 
with aniline yielding iV-phenylpyrrolidine see (12).] 

1,4-Diphthalimidobutane: obtd. indirectly (13) and as by-product (14) of prepn. 

of iV-(5-chloro-n-butyl)phthahmide; pr. from AcOH, m.p. 219° (43). 

3:5835 (1) Hass, J, Chem. Education 13, 493 (1936). (2) Tishchenko, Churbakov, J. Oen. 

Chem. iU.S.S.R.) 7, 893-806 C1937); C.A. 31, 5755 (1937); Ceni. 1938, II 2575. (3) von Braun, 

Beschke, Ber. 39, 4361 (1906), (4) Timmermans, Bull. soc. chxm.. Belg. 31, 390 (1922). (5) 

von Braun, Lemke, Ber. 55, 3530 (1922). (6) Tishchenko, J. Gen. Chem. {U .S.S.R.) 9, 1380- 
1388 (1939); C.A. 34, 1611 (1940). (7) Muskat, Northrup, J. Am. Chem. Soc. 52, 4050-4052 

(1930). (8) Carothors (to dil Pont), U S. 2,038,593, April 28, 1936; Cent. 1936, II 3358; C.A. 30, 

3912 (1936). (9) Muskat (to du Pont), U.S 2,070,609, Feb. 16, 1937, Cent. 1937, II 2597; 

C.A. 31, 2236 (1937). (10) Schmidt, Manchen (to General Aniline and Film Corp), U.S. 2,222,- 

302, Nov. 19, 1941; C.A. 35, 1806 (1941). 

(11) Craig, Hixon, J. Am. Chem. Soc. 53, 189 (1931). (12) Craig, Hixon, J. Am. Chem. Soc. 

52, 807 (1930). (13) Langenbeck, Waltersdorf, Blachnitzky, Ber. 12, 671-672 (1939). (14) 

Keil, Ber. 63, 1614-1615 (1930). (15) Fried, Kleene, J. Am. Chem. Soc. 63, 2691 (1941). (16) 

Starr, Hixon, J. Am. Chem. Soc. 56, 1596 (1934). 


3:5840 1,2,3-TRICHLOROPROPANE CH2— CH— CH2 C^R^CU BeU. I - 106 
(Glycerol trichlorohydrin; i i. I Ii-( 34) 

“ trichlorohydrin ») l2-( 73) 


B.P. 


[168° (1)1 

167° (6) 

166.85° (2) 

166.0° at 760 mm. (3) 

164-166° (4) 

164.6-166.6° at 738 mm. (5) 


F.P. 

-14.7° (2) 


Z>?? * 1.304 (7) n!? « 1.4868 (5) 

i>L® = 1.417 (8) 


[For prepn. of C from glycerol (1:6540) with 3 moles SOCI2 -f 3 moles pyridine at 110- 
120° (78% 3deld) see (9); from either l,3-dichloropropanol-2 (glycerol a-dichlorohydrin) 
(3:5985) or 2,3-dichloropropanol-l (glycerol /3-dichlorohydrin) (3:6060) with PCI5 see 
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(10) (11 )j from l,3-dichloropropaxiiol-2 (see above) with POCI3 at 180® (but only afl by- 
prod.) see (12), or with SOCI2 + diethylaniline see (13); from allyl chloride (3:7036) with 
CDl* (6) or with SO2CI2 (80-90% yield (14)) see indie, refs.; from allyl iodide (15) or iso- 
propyl iodide (8) (16) with CI2 see indie, refs.; from propane + CI2 see (17) (16); from 1,2- 
dichloropropane (propylene dichloride) (3:5200) with CI2 + Fe in ultra-violet light at 
—18® (18) (19) or with SO2CI2 in pres, of org. peroxides (26) cf. (27) see indie refs.; from 
propylene with CI2 in gas phase in dark in absence of Fe see (20). 

C on htg. with 20 pts. aq. in s.t. at 160® (11) or with aq. NaHCOs + Cu imder press, 
at 130® for 5-6 hrs. (21) or with steam over cat. at 550-850® (25) yields glycerol (1:6640). 

C on warming with solid KOH loses HCl 3rielding (22) mainly 2,3-dichloropropene-l 
(3:5190) together with some 1,3-dichloropropene-l (3:5280). 

[C with ale. KSH yields (23) trithioglycerol [Beil. 1-519] cf. (24).] 

[C with SbCls at 190® yields (6) 1,1,2,3-tetrachloropropane (3:6035).] 

3: 58^-0 (1) Carius, Ann. 124, 223 (1862). (2) Timmermans, Bull. soc. chim. Belg. 30, 67 U921). 

(3) Gibson, J. Soc. Chem. Ind. 50, 950 (1931). (4) Herzfelder, Ber. 26, 1259 (1893). (5) Kohl- 

rausch, Ypsilanti, Z. physik. Chem. B-32, 416 (1936). (6) Herzfelder, Ber. 26, 2435 (1893). 
(7) Blanchard. Bull. soc. chim. (4) 43, 1198 (1928). (8) Linneman, Ann. 136, 48 (1865). (9) 

Oarr5, Mauclere, BuU. soc. chim. (4) 49, 1152 (1931). (10) Fittig, Pfeffer, Ann. 135, 359 (1865). 

(11) Berthelot, Luca, Jahresber. 1857, 477. (12) Hill, Fischer, J. Am. Chem. Soc. 44, 2588 
(1922). (13) Darzens, Compt. rend. 152, 1314 G911). (14) Khara&ch, Brown, J. Am. Chem. 

Soc. 61, 3432-3434 (1939). (15) Oppenheim, Ann. 133, 383-384 (1865). (16) Berthelot, Ann. 

155, 108 (1870). (17) Schorlemmer, Ann. 152, 159-163 (1869). (18) (3ass, Levine (to du Pont 

Co.) Brit. 471.188, Sept. 30, 1937; Cent. 1938, I 1218; C.A. 32, 957 (1938). (19) Friedel, Silva, 

Zeit. fUr. Chemie 1871, 683. (20) Laughlin, Brown (to Standard Oil Development Co.), U.S, 

2,300,159, Oct. 27, 1942; C.A. 37, 1725 (1943). 

(21) Matter. Ger. 369,502, Feb. 20, 1923; Cent. 1923, II 742. (22) Reboul, Ann. chim. (3) 
60, 38-40 (1860). (23) Ref. 1, pp. 236-240. (25) Lillienfeld, Brit. 385,980, Feb. 2, 1933; Cent. 

1938, 1928. (25) Lloyd, Kennedy, U.S. 1,849.844, March 15, 1932; Cent. 1932, I 2994. (26) 
Kharasch, Brown, J. Am. Chem. Soc. 61, 2145 (1939). (27) Zellner (to Tide Water Associated 

Oil Co.) U.S. 2,370,342, Feb. 27, 1945; C.A. 39, 3535 (1945). 


3:5845 TRICHLOROACRYLOYL CHLORIDE Cl C3OCI4 

Cl2C=(!^-C=0 


B.P. 158° at 760 mm. (1) (2) 


il 


« 18.6 

Hd 


Beil, n 

ni-(i87) 
112 — 

1.53709 (2) 


[For prepn. of C from trichloroacrylic acid (3:1840) with SOCI2 (2}^ moles) refluxed 
for 12 hrs. (80-90% yield) see (2) cf. (6).I 

C with AlCla in CS2 gives (1) a very stable 1 : 1 addn. prod.; on htg. it does not lose CO 
but ultimately decomposes giving (1) trichloroacetic acid (3:1150). 

C with CeHe + AICI3 gives (100% yield (1)) (3) phenyl a,i3,j8-trichlorovinyl ketone 
[BeU. VIIi-(190)], oil, b.p. 138® at 2 mm. (2), Df = 1.3902 (2); 1.6798 (2); for 

analogous behavior of C with toluene -f many other arom. hydrocarbons + AlCla see (2). 

[C with 3% H2O2 + 25% aq. NaOH at —3® to 0® gives (69% yield (3)) m-(trichloro- 
acryloyl) peroxide, cryst. from ale., m.p. 49®.] 


(D Trichloroacrylic acid amide: m.p. 97® (4), 96-97® (5), 96® (2). [From C with cone, 
aq. NH4OH (5) or from ethyl trichloroacrylate with ale. NHa (4).] — [For crystallo- 
graphic study see (4).] 

Trichloroacrylic anilide: ndls. from pet. ether, m.p. 98® (6). [From C (1 mole) 

with aniline (2 moles) in CHCla at 0® (77% yield (6)).] 

Trichloroacrylic i>-toluidide: unreported. 
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8:5845 (1) Bdeseken, Hasselbach, Rec. trav. chim. 88, 10-11 (1913). (2) Bdeseken, Dujardin, 
Rec, trav. chim. 88, 101-111 (1913). (3) Bbeseken, Gelissen, Rec. trav. chim. 48, 266-268 (1924). 

(4) GUta, BuU. aoc. chim. Belg. 39, 687-588 (1930). (5) Fritach, Ann. 897, 317-318 (1897). 
(6) Bergmann, Haskelberg, J. Am. Chem. Soc. 63, 1438 (1941). 

3 : 5850 ETHYL DICHLOROACETATE C 4 H 6 O 2 CI 2 

CI2CH.COOC2H6 

B.P. 158.3-158.7“ (1) 

158-158.8° cor. (2) 

157.7“ at 764.6 mm. (3) 

157“ (4) 

156“ at 738.2 mm. (5) 

154r-155“ at 749.6 mm. ( 6 ) 

[For prepn. of C from dichloroacetic acid (3:6208) with EtOH + HCl see (7) (8); from 
chloral (3:5210) or chloral hydrate diacetate with EtOH/KCN (88% and 80% yield, 
respectively) see (4); from chloral cyanohydrin with abs. EtOH + cone. KOH (8) or abs. 
EtOH 4- anhyd. NaOAc (9) see indie, refs.; from tetrachloroethylene (3:5460) with 
NaOEt in s.t. at 100-120“ see (10); from a,j3-<iichlorovinyl ethyl ether (3:5540) with CI2 
followed by aq. see (11); from i3,/3-<lichloro-a-acetoxyacrylonitrile with EtOH in s.t. at 
150“ see (12); for formn. of C in reactn. of EtOH with CI2 see (13).] 

C on boilg. with ale. KOH yields (14) glycolic acid (1:0430) and oxalic acid (1:0445); 
C on htg. with NaOEt in abs. ale. yields (15) a small amt. ethyl diethoxyacetate together 
with larger amts, of diethyl oxalo-chloroacetate diethylacetal on its decn. products. 

[C on boilg. with EtOH + KCN yields (16) K dichloroacetate, AcOH, and oxalic acid; 
C on boilg. with EtOH + KF yields (17) KCl, SiF4 + ethyl glyoxylate.] 

[C in ether treated with Na or htd. with Ag yields (18) diethyl maleate (1:3791).] 

C on shaking with aq. + benzylamine yields (19) iV-benzyl-dichloroacetamide, m.p. 
94.8-95.6“ cor. (19), 95-96“ (20). 

C on hydrolysis with acid yields EtOH (1:6130) + dichloroacetic acid (3:6208). [For 
study of kinetics of this hydrolysis see (21) (22) (23).] 

3:5850 (l) Cheng, Z. physik. Chem. B-84, 306 (1934). (2) Perkin, J. Chem. Soc. 65, 423 (1894). 
(3) Schiff, Ann. 880, 108 (1883). (4) Chattaway, Irving, J. Chem. Soc. 1989, 1042, 1047. (5) 

Briihl, Ann. 803, 22 (1880). (6) Zincke, Kegel, Ber. 88, 1475 (1889). (7) Mliller, Ann. 133, 
160 (1865). (8) WaUach, Ber. 10, 1525-1527 (1877). (9) Wallach, Ber. 10, 2121-2124 (1877). 
(10) Fischer, Geuther, Jahreaber. 1864, 316. 

(11) Crompton, Triffitt, /. Chem Soc. 119, 1874^1876 (1921). (12) K6tz, J. prakt. Chem. 
(2) 103, 232 (1921/22). (13) Altschul, Meyer, Ber. 86, 2757 (1893). (14) Claus, Ber. 14, 1066 

(1881). (15) Cope, J. Am. Chem. Soc. 58, 570-672 (1936). (16) Claus, Ber. 11, 496-498; 1043- 
1044 (1878). (17) Swarts, Cent. 1903, I 14. (18) Tanatar, Ber. 18, 1564 (1879). (19) Buehlei , 
Mackenzie, J. Am. Chem. Soc. 59, 421-422 (1937). (20) Mannich, Kuphal, Arch. Pharm. 850, 

544 (1912). 

(21) Newling, Hinshelwood, J. Chem. Soc. 1936, 1357-1361. (22) Timm, Hinshelwood, 

J. Chem. Soc. 1938, 862-869. (23) Salmi, Suonpaft, Ber. 73, 1126-1131 (1940). 

3 : 5860 £f,l-a-CHLORO- 7 i-VALERYL CHLORIDE C 5 H 8 OCI 2 Beil. H - 302 

CH3.CH2.CH2.CH— C=0 Hi— 

B.P. 155-157° at 763 nun. < 1 ) DZ - 1.S46 {!) 

[For prepn. of C from o-chloro-n-valerie acid (3:8783) with PCI, at 70-80° see ( 1 ).] 


BeU. n - 303 

n,.( 01) 

Hs-dOO) 
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C on hydrolysis with aq. yields (1) o-chloro-n-valeric acid (3:8783), b.p. 222®. 
3:5860 (1) Servais, Rec. trav, chim. 20, 46-47 (1901). 


l,l,l-TRICHLOROPROPANOL-2 CaHsOCla 

CHa-OH— CCls 

(!)H 

B.P. 161.8® at 774 mm. M.P. 50° 

See 3 : 0846. Division A : Solids. 


Beil. I -(365) 

11- (185) 

12- (385) 


3 : 5870 METHYL a-CHLOROCROTONATE C6H7O2CI 

CH3— C— 11 


Cl— COOCHj 


Beil, n - 414 
n,-(189) 
n2-(3es) 


B.P. 161-162° 

(1) 

Df^ = 1.1570 

(1) 


161.5-161.7° 

at 762 mm. (2) 

= 1.1575 

(1) 

72?? ^ = 1.45689 (1) 

161° 

(3) 




160.8° 

(4) 

= 1.1587 

(2) 

nf? ^ = 1.45634 (2) 

158-159° 

(5) 

Df = 1.160 

(1) 


59.0-59.5° 

at 16 mm. (5) 

DL® = 1.166 

(5) 

nL® = 1.455 (5) 


Note that the stereoisomeric methyl a-chloroisocrotonate is unreported. 

[For prepn. of C from a-chlorocrotonic acid (3:2760) in MeOH with HCl gas (65% 
yield (5)) (1) (4); from o!,a,/3-trichIoro-w-butyraldohyde (butylchloral) (3:1905) (as hydrate) 
in MeOH below 15° with KCN (2 moles) (85% yield (3)); or from methyl a-chloro-a- 
vinylacetate (5) by isomerization with NaOAc/AcOH on refluxing 30-40 hrs. (5) see indie, 
refs.] 

C is unaffected by AgOH (dif, from methyl a-chloro-a-vinylacetate (5)). 

3:5870 (1) von Auwers, Ber. 45, 2806 (1912). (2) Eisenlohr, Ber. 42, 3208 (1911). (3) Chatta- 

way, Irving, J. Chem. Soc. 1929, 1045. (4) Kahlbaum, Ber. 12, 343-344 (1879). (5) Rambaud, 

BvU. soc. chim, (5) 1, 1353-1354 (1934). 


3:5875 


FUMARYL (DI)CHLORIDE 

H— C— C=0 



ii 


C4H2O2CI2 


Beil. II - 743 

111- (302) 

112- (639) 


B.P. 161-164*’ 
160® 
158-160* 
76° 

59® 

60® 

62-64® 


( 1 ) 

( 2 ) 

(3) 

at 33 mm. <4} 
at 16 mm. <5) 
at 14 mm. <6) 
at 13 mm. <7} 


Df = 1.408 (3) 7i}? ^ = 1.50038 (3) 

® = 1.4117 (3) 


[For prepn. of C from fumaric acid (1:0895) with PCI5 (1) <2) (3), with SOCI2 (8> (10) 
(cf. (9) (11)), with phthalyl dichloride (3:6900) (12) (9) (10), or with benzotrichloride 
(3:6540) at 170° (27) see indie, refs.; from maleic anhydride (1:0625) by htg. 2 hrs. at 
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130-135® with phthaloyl dichloride (3:6900) + ZnCl2 (82-95% yield <7)) or with PCls 
(13) (6): for formn. of C from succinyl dichloride (3:6200) with CI2 see (14), from calcium 
malate with PCI 5 see (15).] 

C on htg. with fumaric acid (1:0895) at 175° (9) (16) or with silver fumarate (13) is 
largely converted to maleic anhydride (1:0625), b.p. 197-199®, m.p. 52®. 

C with CI2 in CCI4 in sunlight adds halogen almost quant. (19) yielding (17) (18) (20) 
meso-a, a'-dichlorosuccinyl dichloride (3:9087). — C adds Br2 at 150® (2) or in CCI4 in 
sunlight (20) yielding aim. quant. (19) meso-«, a'-dibromosuccinyl dichloride, b.p. 113® 
at 18 mm. (20) (this prod, hydrolyzes with aq. to meso-a, a^-dibromosuccinic acid, m.p. 
257-258® in s.t. (20). 

[C with l,4-diphenylbutadiene-l,3 yields (10) 3,6-diphenyltctrahydrophthaloyl dichloride, 
colorless ndls. from Igr., m.p. 143-144® cor. (10); this prod, on long boilg. (73^ hrs.) with 
aq. ale. NaOH gives (10) on acidif. 3,6-diphenyltetrahydrophthaIic acid, ndls. from AcOH, 
m.p. 230-231° cor. dec. (10).] — [For color reactns. of C with various polyenes see (21).] 

[C on htg. at 100° with AICI3 is partially conv. to maleyl dichloride accompanied by 
evolution of HCl + CO (22). — C with AICI3 + CeHe gives (yield: 78-83% (23), 74% 
(24)) /mns-a, /3-dibenzoylethylene (l,4-diphcnybuten-2-dione-l,4), cryst. from CeHe by 
addn. of ale., pale yel. ndls., m.p. 109-110® (23).] [For corresp. reactn. of C + AICI 3 with 
toluene (24) (25), chlorobenzene (24), mesitylene (24), anisole (24), 7w-xylene (25), and 
biphenyl (25) see indie, refs.] 

C with excess MeOH yields (8) dimethyl fumarate (1.2415), m.p. 101.7®. (Note, 
however, that C with 1 equiv. MeOH in CeHe stood 5 hrs. at room temp. (5) or in ether 
(26) yields fumaric methyl ester chloride, b.p. 83® at 17 mm. (26), 76® at 22 mm. (5), m.p. 
16® (5); this on shaking with aq. gives aim. quant. (5) methyl hydrogen fumarate, cryst. 
from CcHe, m.p. 144.5° cor. (5). 

C with phenol (6) or with sodium phenolate in CeHe (28) yields diphenyl fumarate, 
ndls. from ale., m.p. 161-162° (6); note, however, that the half ester, phenyl hydrogen 
fumarate, has m.p. 130° (28), 

C with aq. readily hydrolyzes yielding fumaric acid (1:0895), m.p. abt. 293-295° subl.; 
for the diamide, dianilido, and other derivs. corresp. to C see fumaric acid (1:0895). 

3:5875 (1) Perkin, J. Chem. Soc. 53, 575 (1888). (2) Kokul5, Ann. Suppl. 2, 86-87 (1862/63). 
(3) von Auwers, Schmidt, Ber. 46, 480 (1913). (4) Wa&sermann, Ann. 488, 226 (1931). (5) 

Lutz, J. Am. Chem. Soc. 52, 3430 (1930). (6) Anschutz, Wirtz, Ber. 18, 1947-1949 (1885). 
(7) Kyrides, Org. Syntheses, 20, 51-54 (1940). (8) Meyer, Monatsh. 22, 421-422 (1901). (9) 

W. A. van Dorp, G. C. A. van Dorp, Rec. trav. chim. 25, 96-99 (1906). (10) Kuhn, Wagner- 

Jauiegg, Ber. 63, 2664, 2678-2679 (1930). 

(11) McMaster, Ahmann, ./. Am. Chem. Soc. 50, 147 (1928). (12) Kyrides, J. Am. Chem. 

Soc. 59, 208 (1937). (13) Perkin, Ber. 14, 2545-2549 (1881). (14) Kaudei, J. prakt. Chem. 

(2) 31, 24-25 (1885). (15) Pei kin, Duppa, Ann. 112, 24-26 (1859). (16) G. C. A. van Dorp, 

P. J. Montagne, Rec. trav. chim. 37, 295 (1918). (17) Michael, Tissot, J. prakt. Chem. (2) 46, 

394-395 (1892). (18) Holmberg, J. prakt. Chem. (2) 84, 148 (1911). (19) Lutz, J. Am. Chem. 

Soc. 49, 1109-1110 (1927). (20) Michael, /. prakt. Chem. (2) 52, 295 (1896). 

(21) Kuhn, Wagner-Jauregg, Helv. Chim. Acta 13, 11 (1930). (22) Ott, Ann. 392, 272-273 

(1912). (23) Lutz, Org. Syntheses 20, 29-32 (1940). (24) Conant, Lutz, J. Am. Chem. Soc. 45, 

1303-1307 (1923). (25) Oddy, J. Am. Chem. Soc. 45, 2156-2160 (1923). (26) Anschtitz, Ann. 

461, 188-189 (1928). (27) Faber (to Turnbull), U.S. 1,793,917, Feb. 24, 1931; Cent. 1981, II 

155. (28) Bischoff, von Hedenstrom, Ber. 35, 4086-4088 (1902). 
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3:5880 PENTACHLOROETHANB Cl Cl 

(“Pentalin”) d-^L-Lci 

i ii 


CaHClfi 


BeiL X - 87 
l2-(67) 


B.P. 


F.P. 




162.0® at 760 nun. 

(1) 

-29.5® (14) 

Z)f = 1.67891 (1) 



161.95® at 760 mm. 

<2) 

-29.0® (1) 

1.6712 (13) 

Hd 


(3) (24) 

(2) (15) 


- 1.60250 (6) 

161.73® 

(4) 

^22® (16) 



1.601 (17) 

161-162® 

(5) 





160.5® 

(6) 

See also 

= 1.68052 (1) 

ng* 

= 1.50348 (80) 

159.1® cor. at 760 mm. 

(7) 

Note 2. 


hd 


159-160® 

(8) 


1.68813 (1) 

= 1.50542 (1) 

^59-160® at 763 mm. 

(9) 


1.6846 (13) 




159® (10) 

168.5-169.5® (11) 

158® at 760 mm. (12) 

157.8® at 734 mm. (13) Note 1. For additional data on vapor press, of C at 6® 

152,2° at 644 mm. (13) ^ intervals from 15-165° see (18). 

147.0® at 663 mm. (13) 

149.8® at 479 mm. (13) 

135.1® at 406 mm. (13) Note 2. For effect of press, on f.p. of C see (15). 

138.3® at 327 mm. (13) 

119.0® at 247 mm. (13) 

108.3® at 172 mm. (13) 

93.6® at 103 mm. (13) 

69.0® at 37 mm. (13) 


See also Note 1. 


Colorless liquid with odor suggesting chloroform. — C is widely used in industry as 
solvent, degreasing agent, dry cleaner, component of insecticides, etc. — Note that comml. 
C is likely to contain other prods., notably tetrachloroethylene (3:5460) q.v. 

0 is very spar. sol. aq.; e.g., 1 g. C requires for soln. at 25° 2900 g. aq. (19): for study 
of soly. of C in aq. at 20® see (20); for study of soly. of aq. in C at 0®, 25°, and 30® as detd. 
by Karl Fischer reagt. see (21). 

Binary systems contg. C. For f.p./compn. data on systems C + 1 jB^ichloroethane 
{ethylene dichloride) (3:5130), eutectic, f.p. —62®, contg. about 56 wt. % C (22); C -f 
Iflfl-trichloroeihane {meihylchloroform) (3:5085), eutectic, f.p. —69.0® contg. 72.3% 
C (14); C + IJ.Bj^-tetrachloroeihane {acetylene tetrachloride) (3:5750), eutectic, f.p. —73®, 
contg. 59.9 wt. % C (22); <? + tetrachloroeihylene (3:5460), eutectic, f.p. —54.8®, contg. 
41.6% e (14); C + ecu (3:5100), eutectic, f.p. -68® (82), C + CBr^ (82) see indie, refs. 

C forms binary azeotropes with various org. cpds.; e.g., C with chloroacetic acid (3 ; 1370) 
forms a const.-boilg. mixt., b.p. 158.65° at 760 mm., contg. 90.1 wt. % C (23); C with 
trichloroacetic acid (3:1150) forms a const.-boilg. mixt., b.p. 161.8° at 760 mm., contg. 
96.6 wt. % C (24). — For other examples see Beil. l2-(57). 

C either as liquid or vapor is extremely toxic; for further details see (83) (25) (26) (27) 
(28) (29); for extensive study of anthelmintic action see (19). 

(For study of soly. in C of gaseous HCl (30) (11), H2S (30), or NH3 (30) see indie, refs.; 
for study of thermal conductivity of C see (31); for study of influence of vapors of C on 
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the explosion limits of mixtures of air with hydrogen, carbon monoxide, methane, acetylene, 
etc., see (32) <33) (34) (35).] 

Preparation of C. [For prepn, of C from chloral (3:6210) with PCI# (7) ( 37 ) or with 
AICI 3 (38) see indie, refs.; note that in latter case (38) presence of AICI 3 also facilitates 
loss of HCl from C with consequent fornm. of tetrachloroethylene (3:6460); from trichloro- 
ethylene (3:5170) by addn. of CI 2 in aq. (39) or under influence of ultra-violet li^t (40) 
(41) (note that O 2 retards addition of halogen (41)), or with S 2 CI 2 in s.t. at 140-160® (42), 
see indie, refs.) 

[For formn. of C (together with various other by-products) from ethyl chloride (3:7016) 
(43) or from 1 , 2 -dichloroethane (ethylene dichloride) (3:5130) ( 44 ) with CI 2 see indie, 
refs.; from chloroform (3:5050) in electric arc (45) or in dark electric discharge (46) see 
indie, refs.; from CCI4 in dark elec, discharge see (46); from 1,1,2,2-tetrachloroethane 
(acetylene tetrachloride) (3:5750) or from trichloroethylene (3:5170) with CI 2 at 80®, 
95®, or 115° in ultra-violet light (41), over pumice at 700° (47), or with FeCls on htg. in s.t. 
(48) see indie, refs.; from trichloroethylene (3:5170) with large excess CI 2 O in CCI 4 at 
-20° see (10); from /3,/3'-dichlorodiethyl sulfide (‘‘mustard gas”) with dry CI 2 at 100° 
see (49).] 

[For stabilization of C by addn. of not over 0.1% alkyl amines such as EtsN (50) or 
with a wide variety of other org. N cpds. (81) see indie, refs.l 

[For studies of detn. of C by reactn. with Na -f ethanolamine in dioxane (51) followed 
by volumetric (51) or gravimetric (71) detn. of resultant chloride ion see indie, refs, (note 
that use of Stepanov’s method (Na 4* EtOH) for detn. of Cl in C gives low results unless 
after addn. of Na mixt. is refluxed at least 20 hrs. ( 12 )); for detn. of C by thermal decn. 
and subsequent detn. of chlorine see (52).] 

Chemical behavior of C. [C with dry CI 2 at 70° in diffuse light does not react and even 
after 30 hrs. no HCl is formed (52); however, C with dry CI 2 + AlCL at 70° (53), or C + 
CI 2 over activated charcoal at 300-400° (54), yields hexachloroethane (3:4835).! 

[C with F 2 at 90° over a lO-hr. period yields (S) a mixt. of prods, contg. fluoropenta- 
chloroethane, m.p. 99.8-110° (in s.t.) (b.p. 137-139°), hexachloroethane (3:4835), tetra- 
chloroethylene (3:5460), sym.-difluorotetrachloroethane, b.p. 91-92°, together with other 
materials. — For behavior of C with SbFa see (55),] 

C with K 2 Cr 207 /H 2 S 04 is only partially oxidized to CO 2 (56). — [C on photochem. 
oxidn. with O 2 in ultra-violet light (57) (58) gives a^mixt. consisting of 80% trichloroacetyl 
chloride (3:5420) 4 - 20 % phosgene (3:5000). — C with fumg. H 2 SO 4 (60% SO 3 ) at 50- 
60° yields (59) dichloroacetyl chloride (3:5290).] 

C under various circumstances loses HCl yielding tetrachloroethylene (3:5460) [e.g., 
C over bone char at 280° (60) or over NiCb at 330° (61), or with AlCla at 70° ( 53 ) or under 
reflux (95% yield (72)) (.62), or with liq. NH 3 at —18 to —34° under reduced press. (63) 
(64), or with prim, or sec. aliph. amines (84), or with MeOH over AI 2 O 3 at 290° (methyl 
chloride (3:7005) is also formed) (65), or with acetylene over cat. at 200-300° (vinyl 
chloride (3:7010) is also formed) ( 68 ), or with ale. KOH (44) ( 66 ), or in ale. with 2 N 
aqueous NaOH in cold (98% yield ( 12 )) gives tetrachloroethylene (3:5460). — For detn. 
of C by titration of chloride ion thus split off see (67); for study of kinetics of reactn. of 
C with EtOH/NaOH see ( 12 ).] 

C under certain conditions yields trichloroethylene (3:5170) [e.g., C with H 2 over Ni 
at 270° (61), or C on electrolysis at Pb cathode (69), or 0 with MeMgl (70) gives trichloro- 
ethylene (3:5170).] 

[C with CHCI 3 (3:5050) 4“ AICI 3 gives (72) (73) (74) (75) unsym.-heptachloropropane 
(3:02(X)); note that this reactn. first involves loss of HCl under influence of AICI 3 (see 
also above) and subsequent condensation of the resultant tetrachloroethylene (3:6460) 
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with CHCU. — C (1 mole) + 1,2-dichloroethylene (presumably mixt. of os (3:5042) and 
irana (3:5028) stereoisomers) -j- AICI3 (1% of sum of wts. of reactants) stood 12 days at 
40® gives <76) (in addition to a residue a fraction volatile with steam which consists of 
l,l,2»2,3,4,4-heptachlorobutane (3:9056)), two stereoisomeric l,l,2,3,4-pentachlorobutane8, 
viz., the solid isomer (3 : 0750) and the liquid isomer (3 : 9068) ; for genesis of these compds. 
see (76).] 

[For survey of actn. of C on various common metals see (77). — C with Na or K or their 
alloys may (like many other polychloro compds.) explode under certain conditions; for 
an extensive study of this behavior including sensitivity to mechanical shock see (78),] 

C with excess phenylhydrazine on stdg. at ord. temp, evolves N2, ppts. phenylhydrazine 
hydrochloride, and yields benzene (67); the full mechanism of this behavior seems never 
to have been established, but these same three prods, are similarly obtd. from hexachloro^ 
ethane (3:4835) and to a lesser degree from 1,1,2,2-tetrachloroethane (3:5750). 

© Color test with NH4OH/CU2CI2. C (1-2 drops) in small glass-stoppcred bottle filled 
with cone. aq. NH4OH treated with powdered CU2CI2, stopper quickly inserted (to 
force out air and excess liq.) and shaken, gives within 5 mins, a blue color which rapidly 
darkens; note that this test is not specific for C and is also shown by other cpds. contg. 
the — CCI3 group such as trichloroacetic acid (3 : 1150), ethyl trichloroacetate (3 : 5950) 
CHCI3 (3:5050), CCI4 (3:5100), although hexachloroethane (3:4835) develops color 
at surface only after several hours; for further details see (79). , 

8:5880 (l) Timmermans, Martin, J. chim. phys. 23, 775-776 (1926). (2) Timmermans, Bull, 
aoc. chim. Bdg. 27, 334-343 (1914) , Cent. 1914, 1 618. (3) Leoat, Rec. trav. (Mm. 46, 244 (1927). 

(4) Staedel, Ber. 15, 2563 (1882). (5) Earp, Glasstone, J. Chem. Soc. 1935, 1712. (6) Kanonnl- 

koff, J. prakt. Chem. (2) 32, 520 (1885). (7) Thorpe, J. Chem. Soc. 37, 192-194 (1880). (8) 
Miller, J. Am. Chem. Soc. 62, 342 (1940). (9) Bonino, Gazz. chim. ital. 55, 342 (1925). (10) 
Goldschmidt, Schiissler, Ber. 58, 569-570 (1925). 

(11) Hamai, BuU. Chem. Soc. Japan 10, 207-211 (1935). (12) Taylor, Ward, J. Chem. Soc. 
1934, 2003-2010. (13) Herz, Rathmann. Chem. Ztg. 36, 1417 (1912). (14) Van de Vloed, 
Bull. soc. chim. Belg. 48, 259-260 (1939). (15) Deffet, Bull. soc. chim. Belg. 44, 63 (1935). (16) 

Herz, Rathmann, Chem. Ztg. 37, 621 (1913). (17) Emmons, Am. Mineral. 14, 482-483 (1929). 
(18) Nelson, Ind. Eng. Chem. 22, 972 (1930). (19) Wiight, Schaffer, Am. J. Hyg. 16, 325-428 

(1932). (20) van Arkel, Vies, Rec. trav. chim. 55, 410 (1936). 

(21) Staverman, Rec. trav. chim. 60, 836-841 (1941); Cent. 1942, I 1352; C.A, 37, 2638 (1943). 
(22) Timmermans, Veselovsky, BuU. soc. chim. Belg. 40, 506 (1931). (23) Lecat, Ann. soc. 

sci. Bruxelles 47, I 25 (1927). (24) Lecat, Rec. trav. chim. 47, 17 (1923). (25) Jacobs, “ The 

Analytical Chemistry of Industrial Poisons, Hazards and Solvents,” Intorscionce Publishers, 
Inc., New York (1941). (26) Smyth, N. Y. Stale J. Med. 42, 1072- 1079 (1942); C.A. 36, 4626 
(1942). (27) Barsoun, Saad, Quart. J. Pharm. Pharmacol. 7, 205-214 (1934); Cent. 1934, II 

2650; C.A. 28, 6194 (1934). (28) Lazarev, Arch, exptl. Path. Pharmakol. 141, 19-24 (1929); 

Cent. 1929, II 451; C.A. 25, 3074 (1931). (29) Lehmann, et al., Arch. Hyg. 74, 1-60 (1911); 

Cent. 1911, II 885-886; C.A. 6, 3125 (1912). (30) Bell, J. Chem. Soc^ 1931, 1376-1377. 

(31) Bates, Hazzard, Palmer, Ind. Eng. Chem. 33, 375-376 (1941). (32) Langen van der 

Valk, Rec. trav. chim. 48, 201-219 (1929). (33) Jorissen, Ind. Eng. Chem. 19, 430-431 (1927). 
(34) Coward, Jones, Ind. Eng. Chem. 18, 970—974 (1926). (35) Jorissen, Meuwissen, Rec. trav. 

chim. 44, 132-140 (1925). (36) Jorissen, Velisek, Rec. trav. chim. 43, 80-86 (1924). (37) Paterno, 

Ann. 151, 116-121 (1869). (38) Mouneyrat, Bull. soc. chim. (3) 19, 260-261 (1898). (39) 

Groll, Hearne (to N. V. de Bataafsche Petroleum Maatschappij), Brit. 436,357, Nov. 7, 1935; 
French 789,290, Nov. 25, 1935; Cent. 1936, II 865; C.A. 30, 1812 (1936). (40) Salzberg Neustass- 
furt und Theilnehmer, Ger. 248,982, July 6, 1912; Cent. 1912, II 299; [C.A. 6, 2824 (1912)]. 

(41) MtlUer, Schumacher, Z. physik. Chem. B-35, 458-462 (1937) ; Z. Elektrochem. 43, 807-808 
(1937). (4 ) Pope, Smith, J. Chem. Soc. 119, 396 (1920). (43) Regnault, Ann. 33, 321-323 
(1840). (44) Pierre, J. prakt. Chem. (1) 43, 301-307 (1848). (45) Tarezynski, Z. Elektrochem. 
22, 254 (1916). (46) Berson, Fournier, Compt. rend. 150, 1119 (1910). (47) Nicodemus, J. 
prakt. Chem. (2) 83, 315-322 (1911). (48) Erdmann, J. prakt. Chem. (2) 85, 84 (1912). (49) 
Mann, Pope, J. Chem. Soc. 121, 597 (1922). (50) Imperial Chem. Ind., Ltd., French 744,128; 

Cent. 1933, II 605. 



767 


LIQUIDS WITH > 1.16 


3:6880-3:6886 


<61) Winteringham, /. Soc. Chem, Ind. 61, 186-187 (1842) ; C.A. *7, 1961 (1943). (62) Winter- 

ingham, J. Soc. Chem. Ind. 61, 190-192 (1942); C.A. 37, 1951 (1943). (63) Mouneyrat, BvU, 

aoc. chim. (3) 17, 797-799 (1897); (3) 16, 182-183 (1898). (54) Mkryan, Babayan, Sbomik 

Trudov. Armyanskogo FUiala Akad. Nauk 1940, No. 2, 51-58; C.A. 87, 5694 (1943). (65) Henne. 

Ladd, J. Am. Chem. Soc. 68, 402-403 (1936). (66) Guyot, Simon, Compt. rend. 170, 736 (1920). 

(67) Schumacher, Thttrauf, Z. phyaik. Chem. A-189, 183-199 (1941); Cent. 1943, I 1485; C.A. 86 , 
4418 (1942). (58) MUller, Ehrmann, Ber. 69, 2207-2210 (1936). (59) Chem. Fabrik. Weiler- 

ter-Meer, Ger. 362,748, Oct. 31, 1922; CerU. 1933, II 406. (60) Korner, Suchy (to Dr. A. Wacker 
Soc. Chem. Ind.), Gei. 464,320, Aug. 21, 1928; Cent. 1939, I 1044. 

(61) Mailhe, Sabrou, BuU. aoc. chim. (4) 47, 349-350 (1930). (62) Mugdan, Wimmer (to 

Consortium fur Elektrochem. Ind.), U.S. 2,249,512, July 15, 1941; C.A. 86, 6601 (1941): Brit. 
600,176, March 2, 1939; C&nt. 1939, I 3798; C.A. 33, 5417 (1939): Ger. 694,884, July 11, 1910, 
C.A. 36, 5134 (1941): French 841,962, June 2. 1939; Cent. 1939, II 2280; C.A. 34, 4396 (1940). 
(63) Mkryan, Shomik Trudov Armyanakogo FUiala Akad. Nauk 1940, No. 2, 30-41 ; C.A. 37, 
6694 (1943). (64) Pogossjan, Mkryan, Russ. 60,533, Feb. 28, 1937; Cent. 1938, II 412. (65) 

I.G.. French 805,563, Nov. 24, 1936; CerU. 1937, 1 2258. (66) Sastry, J. Soc. Chem. Ind. 36, 

450-452 (1916). (67) Gowing-Scopes, Analyat 39, 385-388 (1914). (68) Dr. A. Wacker Soc. 

Chem. Ind., Brit. 480,568, March 24, 1938; Cent. 1938, I 4236; C.A. 32, 5857 (1938). (69) 

Sandonnini, Borghello, Atti accad. Lined (6) 20, 334-340 (1934); CerU. 1936, I 3664. (70) 

Rebek, Mandrino, Oeaterr. Chem. Ztg. 41, 363-364 (1938) ; CerU. 1939, 1 909; C.A. 33, 1266 (1939). 

(71) Rauscher, Ind. Eng. Chem., Anal. Ed. 9, 296-299 (1937). (72) Prins, Rec. trav. chim. 64, 

250 (1935). (73) Bdeseken, Prins, Verhandl. Akad. W etenachappen 1911, 776-778, CerU. 1911, 

I 466; C.A. 6, 2845 (1911). (74) Prins, /. prakt. Chem. (2) 89, 415 (1914). (75) Farlow, Org. 

Syntheaea, CoU. Vol. 2 (1st ed.), 312-313 (1943); 17, 58-59 (1937). (76) Prins, Rec. trav. chim. 

66, 119-120, 124-125 (1937). (77) Gowing-Scopes, Analyat 39, 7 (1914). (78) Lenze, Mets, 

Z. gea. Schieaa-u. Sprenoatoffw. Zl, 255-258, 293-296, 337-340, 373-376 (1932); Cent. 1933, I 
1716; C.A. 27, 844 (1933). (79) Doughty, J. Am. Chem. Soc. 41, 1129-1131 (1919). (80) 

Eckart, Brennatoff-Chem. 4, 24-25 (1923); C.A. 17. 2356 (1923). 

(81) Missbach (to Stauffer Chem. Co.), U.S. 2,043,257-2,043,260, inch, June 9, 1936; Cent. 
1936, II 3845; C.A. 30. 5240 (1936). (82) Verstraete, Bull. aoc. chim. Belg. 43, 523-627 (1934). 

(83) Lehman, Schmidt-Kohl, Arch. Hyg. Bakt. 116, 131-268 (1936); C.A. 31, 477 (1937); not in 
Cent. (84) Rueggeberg, Falkof, J, Am. Chem. Soc. 67, 2052 (1945). 


3:6885 l,2,3-TRICHLORO-2-METHYLPROPANE C 4 H 7 CU 

CHs 


B.P. 162.0-163.1® cor. (1) 


cicH,— <!;— cHja 

i. 

- 1.30S0 <1) 


Beil. SJT. 10 


- 1.4765 (1) 


[For prepn. of C from fer-butyl chloride (3:7045) -f- CI 2 see (1), for formn. of C (5%) 
from 3 -chloro- 2 -methylpropenp-l (methallyl chloride) (3:7145) by addn. of CI 2 with 
eVaq. at 30° (main prod, is l,3-dichloropropanol-2 (3:5985) in 70% yield) (2), or better 
with SO 2 CI 2 (83% yield (4)) see indie, refs.; from l,3-dichloro-2-methylpropane (3:7960) 
with CI 2 , or with SO 2 CI 2 + BZ 2 O 2 (73% yield) see (4).j 
C on pyrolysis at 450-550° gives (3) three isomeric dichloroisobutenes, viz., cis and trans 
l,3-dichloro-2-methylpropene (3:5590) and 3-chloro-2-(chloromethyl)propene-l (3:5633). 

[C on dehydrohalogenation with equimolal proportion of quinoline at b.p. 1 hrs. gives 
(73-83% yield (4)) l,3-dichloro-2-methylpropene-l (3:5590).] 

G on hydrolysis with excess 5% aq. NaOH gives (84% yield (3)) a mixt. of cis and trans 
stereoisomers of 7 -chloro-/ 3 -methyl-allyl alcohol (3:8340). 

3:6886 (l) Rogers, Nelson, J. Am. Chem. Soc. 68, 1027-1029 (1936). (2) Bturgin, Hearne, Rust, 

Ind. Eng. Chem. 33, 387 (1941). (3) Rogers, Nelson, J. Am. Chem. Soc. 68, 1029-1031 (1936). 

(4) Mooradian, doin, J* Am. Chem. Soc. 68, 787 (1946). 
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3:5890 ISOPROPYL DICHLOROACETATE C 6 H 8 O 2 CI 2 BeU. S.N. 160 

(CH3)2CH.O.CO.CHCl2 

B.P. 163.8-164.8^ (1) Df = 1.1989 (2) = 1.4306 (2) 

164.0® at 747 mm. (2) Df - 1.3053 (3) nf? = 1.4338 (3) 

[For prepn. (48.6% yield (2)) from isopropyl ale. (1 :6135) + dichloroacetic ac. (3:6208) 
see <2); for prepn. (39.5% yield (2)) from propylene and dichloroacetic ac. (3:6208) see 
( 2 ).] 

[For study of hydrolysis of C see (3).J 

S:5890 (1) Cheng, Z. phyaik. Chem. B-34, 310 (1934). (2) Doiris, Sowa, Nieuwland, J, Am. 

Chem. Soc. 56, 2689-2790 (1934). (3) Schjanberg, Z. phyaik. Chem. A-173, 229 (1935). 


3:5895 1,2,2,3-TETRACHLOROPROPANE Cl C 3 H 4 CI 4 BeU. I - 107 

a.cHi!— <!^- chsCi 

B.P. 164° <1} D\l = 1.496 (1) 

Colorless liq. with characteristic penetrating ethereal odor. — Insol. in aq.; eas. sol. 
ale., ether. 

[For prepn. of C from 2,3-dichloropropene-l (3:5190) with CI 2 see (1); from 1,2,2-tri- 
chloropropane (3:5475) with SbClj at 100® see (2).] 

C with ale. KOH splits out HCl yielding (1) 1,2,3-trichloropropene-l (3:5650), b.p. 142®. 

3:68fMi <1) Pfeffer, Fittig, Ann. 135, 360-361 (1865). <2) Herzfelder, Ber. 26, 2436 (1893). 


3:5900 l,3-DICHLOROBUTANONE-2 H C 4 H 6 OCI 2 

(c^hloroethylchloro- ci.CH,.C0-<‘>-CH, 


methyl ketone) 


BeU. 1 -< 670 
Ii-(348) 
l2~ 


BJ>, 165® (2) at 763 mm. (1) Z> 4 ® = 1.3116 (3) nf? = 1.4686 (3) 

65® at 17 mm. (2) Di® = 1.3189 (3) nj? = 1.4702 (3) 

60® at 13 mm. (2) 

55-55.5® at 10 mm. (3) 


Colorless liq. when freshly distd. but graduaUy turns red. — Strong lachrymator and 
nasal irritant (1). — Insol. aq.; sol. ale., ether, and most org. solvents. 

[For prepn. from ethyl methyl ketone (1:5405) by actn. of CI 2 <1), from 1,3-dichloro- 
butanol-2 (3:9145) by oxidn. (3); from 3°^hloro-2-(chloromethyl)butene-l (3:9206) with 
Os <4) see indie, refs.] 

0 with satd. aq. NaHSOs soln. yields cryst. NaHSOs cpd. <1). — C with Zn dust -f 
AcOH yields (1) <3) ethyl methyl ketone (1:5405). 

(0 l,3-Dichlorobutanone-2 semicarbazone: m.p. 114® (2), 107-108® (4). 

3:5666 ( 1 ) D6m^tre-Vladesco, BvU. aoc. chim. (3) 6, 829-830 (1891). (2) Blais6, BvU. aoe. chim. 
(4) 15, 733 (1914); Compt. rend. 156, 794 (1913). (3) Petrov, J. Oen. Chem. {U.S.S.B.) 11, 
713^721 (1941); C.A. 36, 404 (1941). (4) Tishchenko,/. Oen. Chem. (SJ.S.S.R.) 8 , 1232-1246 
(1938); Cera. 1636, II 4223; [C.A. 38, 41M (1939)]. 
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3:6610 

3:5910 

a.a./S-TRICHLORO-n-BirnrRALDEHTDE C4H60C3« 

Baa.I- 664 


( Butyrchloral “ Butylchloral 

Cl 

I|-(346) 


Crotonchloral) 

CH|.CH.<!3.CH0 

I>-(726) 



ii <!a 


B.P. 




164.5-165.5® at 760 mm. (1) 

Df » 1.3966 (4) 

ng* - 1.47664 (4) 

165® 

(2) 



164-165'’ at 760 mm. <3) <4) 

Dli* - 1.4937 (6) 



163-164** (6) 

{See also “ Butyrchloral hydrate ” (3: 1005).] 

Oily liq. 

[For prepn. of C from acetaldehyde (1:0100) (3) (7) or paraldehyde (1:0170) (7) (8) 
with CI2 see indie, refs.; from a>chlorocrotonaldehyde (3:8117) by addn. of CI2 (6) (10) 
(36) in ecu soln. (9); from crotonaldehyde (1:0150) by satn. with HCl gas followed by 
treatment with CI2 see (11) cf. (37).] 

[For prepn. of C from its polymers (see below) by distn. at atmospheric press. (2), or 
from its hydrate (3 : 1905) by distn. with half its wt. of AC2O (2), or shaking with cone. 
H2SO4 (1) cf. (2), see indie, refs.] 

[C on reduction with fused Al(OEt)8 in boilg. abs. ale. under H2 or N2 for 14 hrs. (12) 
or with fused Al(OEt)3 + AICI3 in boilg. abs. ale. under H2 or N2 for 14 hrs. (13), or with 
C52H60MgBr in dry ether followed by aq. (19), or by treatment with diethylzinc (14), 
di-n-propylzinc (16), or di-isobutylzinc (15) (followed by aq.) gives (92% yield (12)) 
2,2,3-trichlorobutanol-l (3:1336), m.p. 62®. — Note that C (as hydrate) (3:1905) is 
reduced by fermenting yeast (16) to dextrorotatory 2,2,3-trichlorobutanol-l, m.p. 62®.] 

[C with Zn 4- HCl or Zn + aq. (17) is dehalogenated to a mixt. of a-chlorocrotonalde- 
hyde (3:8117) -f- crotonaldehyde (1:0150); C with Fe filings -f AcOH at room temp, for 
8 days (18) dehalogenates to a mixt. of n-butyraldehyde (1:0130) -f- n-butyl ale. (1 :6180) 
+ crotonyl ale. [BeU. 1-442, Ii-(227), l2-(480)l.] 

C on oxidn. with 2 pts. fumg. HNO3 stood overnight at ord. temp, yields (3) a,cv,/3- 
trichloro-n-butyric acid (3:1280) (cf. corresp. behavior of butyrchloral hydrate (3:1905)). 
— C on oxidn. with boilg. aq. K4Fe(CN)6 also loses 2 atoms of chlorine giving (41% yield 
(29)) a-chlorocrotonic acid (3:2760). 

C (1 mole) with H2O (1 mole) readily combines with evolution of heat yielding (3) (9) 
crystn. butyrchloral hydrate (3 : 1905). — Similarly, C combines with equiv. amt. of alcohols 
giving the corresp. alcoholates: e.g., C with EtOH yields (20) butyrchloral-ethylalcoholate 
[Beil. 1-665, Ii-(346)]; C with butsnol-2 yields (1) butyrchloral-«co-butylalcoholate, etc. — 
Note that butyrchloral-ethylalcoholate in excess EtOH on satn. with dry HCl gas gives 
(60% yield (21)) a,a,|3-trichloro-ri-butyraldehyde diethylacetal, b.p. 232-233®, 135® at 
30 mm. (21). — [For study of dissociation of addn. cpds. of C with various prfm., sec,f and 
ter. alcohols see (22).] 

C or its hydrate (3:1905) q.v. in pres, of cone. H2SO4 or pyridine at ord. temp, can be 
trimerized to a mixt. of two parabutyrchlorals (2); these are colorless, crystalline, sharp 
melting solids, sol. in org. solvents but insoL in aq.; the less sol. a-parabutyrchloral, rhombic 
cryst. from boilg. AcOH or boilg. EtOH, has m.p. 180®; the more soluble /3-parabutyrchloral 
(stereoisomer?), cryst. from boilg. AcOH or boilg. EtOH, has m.p. 157®; these polymers 
can be distilled at 15 mm., but attempts to distil them at ord. press, result in complete 
dissociation to C (2). 
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[C with anhydrous acetaldehyde (1:0100) (2 moles) with dry HCl gas at 0® for 15--20 
hrs. condenses to give (67% yield (23)) 2,4-dimethyl-6-(a,a,/3-trichloro-ri-propyl)trioxane- 

l, 3,5, b.p. 118® at 13 mm. (23).] 

(C in CHQs with H2S gives (24) 6 tV(a-hydroxy-/ 8 ,/ 8 , 7 -trichloro-»-butyl)sulfide (** butyr- 
chloralsulfhydrate m.p. 85° (24).] 

(C with PCl6 (1.4 wt. pts.) at 110-120° apparently has its oxygen replaced by equivalent 
chlorine but also loses 1 HCl yielding (25) a cpd. of compn. C4H2CI4, presumably 1,1,2,3<- 
tetrachlorobutene-2, although no other report of this cpd. can be found.] 

(C with aq. HCN gives only butyrchloraJ hydrate (3:1905) since this prod, is too spar, 
sol. aq. to enter further reaction, but upon addn. of ale. and subsequent digestion this 
system yields (26) (27) a,a,/3-trichloro-n-butyraldehyde cyanohydrin [Beil. III-322, III2- 
(226)], pi. from aq., m.p. 101-102° (27) (28), also obtd. from butyrchloral hydrate with 
aq. KCN (2 moles) at 40° (28). — See also further comments under butyrchloral hydrate 
(3:1905).] 

(C with ethyl diazoacetate gives (71% yield (30)) ethyl /3-ketcKr,‘y-trichloro-a-caproate 
[Beil. III-684], b.p. 149° at 20 mm. (30).] 

C in CHCls with NH3 gas gives on evapn. of solvent (31) butyrchloralammonia, cryst., 

m. p. 62° [see also under butyrchloral hydrate (3:1905)]. 

C also readily adds amides yielding cpds. of type CH3.CHCl.CH2CH(OH).NH.CO.R; 
e.g., C with acetamide (I mole) gives on htg. (31) (32) (33) (34) butyrchloralacetamide, 
obtd. by these workers in two isomeric forms one of m.p. 170° (spar. sol. hot ale.) (32) 

(33) (34), the other m.p. 158° (readily sol. in hot 50% ale.) (31) (32) (33); note, however, 
that but3rrchloral hydrate (3:1905) with acetamide (1 mole) htd. at 100° until solidifica- 
tion occurs gives only (21) a prod. m.p. 208-210°; C with benzamide (1 mole) gives on 
htg. butyrchloralbenzamide, obtd. in two isomeric forms, one of m.p. 146° (32) (33) cf. 

(34) , the other of m.p. 132° (31) (32) (33); note, however, that butyrchloral hydrate (3 : 1905) 
with benzamide yields only (21) a prod. m.p. 176°. 

C (3.5 g.) with urea (1.2 g.) htd. at 100°, cooled, powdered and recrystd. from ale., gives 
(yield not stated (35)) butyrchloralurea, m.p. 156°. 

3:5010 (1) Waicox, Brunei, /. Am, Chem, Sac. 38, 1837 (1916). (2) Chattaway, Kellett. /. 
Chem, Soc. 1938, 2709-2714. (3) Kramer, Pinner, Ber. 3, 383-390 (1870). (4) Briihl, Ann. 

303, 20 (1880). (5) Dobrosserdow, Cent. 1911, I 955. (6) Pinner, Ber. 8, 1564-1566 (1875). 

(7) Pinner, Ann. 179, 24-30 (1875). (8) Freundler, Bull. soc. chim. (4) 1, 68-69 (1907). (9) 

Moureu, Murat, Tampier, BuU. soc. chim. (4) 39, 33 (1921). (10) Lieten, Zeisel, Monatsh. 4, 

533-536 (1883). 

(11) High (to Udylite Corp.), U.S. 2,280,290, April 21, 1942; C.A. 36, 5482 (1942). (12) 

Meerwein, Schmidt, Ann. 444, 233-234 (1925). (13) Meerwein (to F. Bayer & Co.), U.S. 

1,572,742, Feb. 9, 1926; Cent. 1936, I 3627: Brit. 251,890, June 3, 1926; Cent. 1936, II 1097. 
(14) Garzarqlli-Thurnlackh, Ann. 313, 369—372 (1882). (15) Garzarolli-Thurnlackh, Papper, 
Ann. 333, 166-169 (1884). (16) Ro^enfeld, Bvochem. Z. 156, 54-57 (1925); Cen«. 1935, I 2301; 
C.A. 19, 2683 (1925). (17) Sarnow, Ann. 164, 108 (1872). (18) Lieben, Zeisel, Monatsh. 1, 
840-843 (1880). (19) I.G., Brit. 384,156, Dec. 22, 1932; Cent. 1933, 1 1361. (20) Pinner, Ann. 
179, 38-42 (1875). 

(21) Fieundler, B%iU. soc. chim. (4) 1, 201, 203-204 (1907); Compt. rend. 143, 684 (1906). 
(22) Willcox, Brunei, J. Am. Chem. Soc. 38, 2533-2536 (1916). (23) Helferich, Besler, Ber. 57, 
1277, 1279-1280 (1924). (24) Voswinkel, Ger. 233,857, April 24, 1911; Cent. 1911, I 1467. 
(26) Judson, Ber. 3, 790 (1870). (26) Pinner, Bischoff, Ann. 179, 97-99 (1875). (27) Pinner, 
Klein, Ber. 11, 1488 (1878). (28) Chattaway, Irving, J. Chem. iSoc. 19^, 1043-1046. (29) 

Wallach, Ber. 19, 1530 (1877). (30) Schlotterbeck, Ber. 43, 2572 (1909). 

(31) Tassinaxi, Ber. 10, 1784-1786 (1877). (32) Schiff, Ber. 35, 1690-1691 (1802). 

(33) Tanigi, Oazz. chim. itat. 34, I 230-236 (1894). (34) Pinner, Ann. 179, 39-40 (1875). (35) 

Feist, Kublinski, Arch. Pharm. 374, 430, 434 (1936). (36) Chem. Fabrik vorm. Weiler ter- 

Meer, Ger. 351,137, April 3, 1922; Cent. 1933, IV 155. (37) Brown, Plump (to Pennsylvania 

Salt Mfg. Co.), U.S. 2,351,000, June 13, 1944; C.A. 38, 5226 (1944). 



771 


LIQUIDS WITH Dj® > 1.15 


3:50ao-3:S936 


3:6930 l,SAS-TBTRACHLOROPROPENE-l C 3 H 1 CI 4 


OsCH 


Cl a 


Beil. I — 
Ii-(83) 


B.P. 166° (1) 

166-167° (2) 


= 1.6374 (1) n^® - 1U(273 (1) 


Colorless oil. 

[For prepn. (70% yield <2)) from s^m.-pentachloropropane (3:6280) by actn. of ale. 
KOH (1 mole) see (2).l 

C with cone. H2SO4 at 30-40® gives quant, yield of chloromalondialdehyde [Beil. 1-765]. 

3:51120 (1) Prins, J. prakt. Chem. (2) 89, 421-422 (1914). (2) HeUbron, Heslop, Irving, J. 

Chem. Soc. 1936, 783. 


3:5935 1,2,3-TRICHLOROBnTANE 


Cl Cl Cl 

CH3 — ([j — (!/ — (1/j 




IH2 


C4H7C1, 


Beil. I - 110 
li- 
fe-! 83) 


B.P. 166-167° at 769 mm. (1) 
166-168° at 726 mm. (2) 
79-80° at 32 mm. (3) 

63-63° at 28*0^. (2) 


D4® = 1.3164 (1) nff = 1.4790 (1) 

Di® = 1.3173 (1) 

Dg = 1.3341 (3) 


Insol. aq., sol. ale., ether, CHCI3. 

[For formn. of C (36.5%) from 2,3-dichlorobutane (3:7615) + si. excess CI2 in dark at 
— 17® (together with 18% 2,2,3-trichlorobutane (3:5680)) see (1); for formn. of C (19%) 
from 1,2-dichlorobutane (3:7680) -f si. excess CI2 in dark at —17® (together with 28% 
2,2,3-trichlorobutane (3:5680) see (1); for formn. of C from l-chlorobutene-2 (3:7206) + 
CI2 in CHClasee (3); for formn. of C from butene-1 with Cl2/aq. (together with 1,2-dichloro- 
butene (3:7680)) see (2).] 

C with solid KOH at 150® loses HCl yielding (1) mixt. of cis-l,2-dichlorobutene-2 
(3:5615), b.p. 125-127®), and <rons-l,2-dichlorobutene-2 (3:5360), b.p. 116-118® at 765 
mm. (1). 


8:5935 <1) Tishchenko, Churbakov, J. Gen. Chem. iU.S.S.R.) 6, 1553-1558 (1936); C.A. 81, 
2165 (1937); Cent. 1937, I 3786. (2) de Montmollin, Matile, Helv. Chim. Acta 7, 108 (1924). 
<3) Charon, Ann. chim. (7) 17, 230-231 (1899). 


l,l,l.TRICHLORO-2-METHyLPROPANOL-2 C4H70CU 

CH, 

CHr-lij-CCl, 

(!)H 


BJ». 167* M.P. 96-97* 


BeU. I - 383 
Ii-(193) 
fe-(416) 


iSee 3:2662. Division A: Solids, 
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3:5950 BTHTI, TRICHLOROACBTATE 

C 4 H 5 O 2 CIS 

Beil, n - 200 




C1*C.C(X)C2H6 

n,-( 94) 






n 2 .( 2 oo) 

BJ>. 167.5-168.0° cor. 


( 1 ) 


= 1.3826 ( 8 ) ng* 

> 1.45068 ( 8 ) 

167.5° 


< 2 ) 


1.3823 <10) 

1.45046 ( 10 ) 

166.7-167.1° at 754.8 mm. 

<3) 




167° 


(4) 




166° 


(13) 




166° at 738.8 mm. 

{ 8 > 




164r-166® 


(5) 




164® 


( 6 ) 




163.0-163.5® at 

682 mm. 

(7) 




74® at 

28 mm. 

(9) 




58.0-59.0® at 

13 mm. 

< 10 ) 




63® at 

12 mm. 

{U> 




60-61® at 

12 mm. 

( 12 ) 





[For prepn. of C from trichloroacetic acid (3:1150) with abs. EtOH -f dry HCl (yield: 
90% <13), 53% (16)) or with H2SO4 (50-60% yield (13)) (14) (15), or with Twitchell’s 
reagt. (62.6% yield (5)) see indie, refs.; from trichloroacetyl chloride (3:5420) with ethyl 
orthoformate (1:3241) see (17); from tetrachloroethylidene trichlorolactate '' [Beil. 
XIX-105] with EtOH see (12); for formn. of C from chloral (3:5210) with Al(OEt)s in 
CeHe (11), or with acetaldehyde + Al(OEt)3 or Mg(OMe)2 in dry ether (18), see indie, 
refs.] 

[C on warming with KCN in abs. ale. dec. (6) into chloroform <3:5050) -|- CO2; C with 
NaOEt gives on warming (19) triethyl orthoformate (1:3241) -f Na ethyl carbonate + 
NaQ.) 

[C with excess H2 over Ni at 320® gives (14) ethyl dichloroacetate (3:5850) + ethyl 
chloroacetate (3:5700) -b EtOAc (1:3015) + acetaldehyde (1:0100).] 

C with CU2CI2 in cone. aq. NH4OH gives dark blue color within 2 min. (21); also shown 
by chloral hydrate (3:1270) and trichloroacetic acid (3:1150) (the latter, however, acting 
instantly); for further limitations see (21). [C htd. at 100® with Cu powder for 6-8 hrs. 

(22) gives diethyl tetrachlorosuccinate, b.p. 156® at 13 mm. (22).] 

C with cone. aq. NH4OH gives in the cold (14) trichloroacetamide, spar. sol. aq., cryst. 
from hot aq. or dil. ale., m.p. 141®. — C on shaking with aq. benzylamine gives in the cold 

(23) trichloroacet-iV-benzylamide, cryst. from Igr., m.p. 93.6-94.4® cor. (23). [Note, 
however, that the corresp. dichloroacet-N-benzylamide (from ethyl dichloroacetate (3 : 5850) 
has almost the same m.p., viz., 94.8-95.6® cor. (23), while chloro-acet-iV^-benzylamide (from 
et]^l chloroacetate (3:5700)) has m.p. 93.0-93.6® cor. (23).] 

C hydrolyzes very readily (5) yielding ethyl alcohol (1:6130) and trichloroacetic acid 
(3:11^). [For kinetic studies of hydrolysis of C under various conditions (including 
very high pressure (9)) see (10) (2) (24); for kinetic study of alcoholysis of C with MeOH-f 
HCl see (25).] 

8:M80 (1) Perkin, J. Chem. Soc. 65, 423 (1894). (2) Timm, Hinshelwood, J. Chem. Soc. 1938, 

862-869. (3) Schifif, Ann. 333, 108 (1883); Z. phynk. Chem. 1. 379 (1887). (4) Cheng, Z. 
phyaik. Chem. B-34, 306 (1934). [(5) Zaganiaris, Yarvogles, Ber. 69, 2280 (1936). (6) Claus, 
Ann. 191, 68-63 (1878). (7) Sudborough, Karne, J. Indian Inst. Sci. 5, 7 (1922); Cent. 1923, 
I 295; C.A. 17, 666 (1923). (8) Briihl, Ann. 368. 22-23 (1880). (9) Newitt, Linstead, Sapiro, 

Boorman. J. Chem. Soc. 1937, 876-883. (10) Palomaa, Salmi. Korte, Ber. 73, 790-797 (1939). 

(11) Dworzak, Monatah. 47. 11-16 (1926). (12) Anschiits, Haslam, Ann. 353, 126 (1889). 

(13) L, Spiegel. P. Spiegel. Ber. 49, 1734 (1907). (14) Clermont, Compt. rend. 183, 737-738 
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(1901). (16) Dumas, Ann, d2, 112 (1839). (16) Toole. Sowa, J. Am. Chem. Soc. 59, 1972 (1937). 

(17) Levaillant, Compt. rend. 195, 882 (1932). (18) Nakai, Biochem. Z. 152, 269-273 (1924). 

(19) Klein. Jahreeber. 1876, 621. (20) Sabatier. Mailhe. Compt. rend. 169, 760 (1919). 

(21) Doughty. J. Am. Chem. /Soc. 41, 1129-1131 (1919). (22) Doughty. Freeman. J. Am. 

Chem. Soc. 44, 638-639 (1922). (23) Buehler. Mackenzie. J. Am. Chem. Soc. 59, 421-422 (1937). 

(24) Berger, Rec. trav. chim. 43, 168, 173 (1924). (25) Kolhatkar, J. Chem. Soc. 167, 930 (1916). 


3 : 6966 d,M,l,l-TRICHLOROBUTANOL-2 C4H70Ci8 

(Ethyl-trichloromethyl-carbinol) H Cl 

CHg. CH2 — (!) — (!) — Cl 

in (jji 

BP. 169-171° at 738 nun. (1) 1^ = 1.3760(1) nf? = 1.4001 (1) 

82-84° at 22 nun. (2) 

69-71° at 12 nun. (3) 

68-70° at 13 nun. (1) 

44r-46° at 3 nun. (1) 

Oil. — Eas. sol. MeOH, EtOH, ether, acetone, CsHe, CHCU, CCI4, CS2. [Note that 
b.p. of 99° at 680 mm. (4) may be a t3T)ographical error (1).] 

[For prepn. of C from chloral (3:5210) via conversion with diazomethane to 3,3,3-tri- 
chloro-l,2-epoxypropane (3:1336) and reactn. of latter with 1 N LiMe in dry ether at 
-76° (yield 85%) see (1); from chloral (3:5210) with EtMgBr (4) (5) or EtMgl (2) in 
ether (yields: 44% (4), 16% (2), 15% (5)) see indie, refs, (note, however, that by virtue 
of reducing acta, of EtMgX large amounts of 2,2,2-trichloroethanoLl (3:5775) are also 
formed (5) (2) (1)); from chloral (3:6210) with PbEt4 (20% yield (6)) (note, however, 
that this could not be confirmed (1)), from trichloroacetyl chloride (3:6420) with EtMgBr 
at 10° see (3).] 

C with cone. HCl -f- ZnCl2 (Lucas' reagent) stood for 1 hr. at room temp, gives (1) 
1,1,1 ,2-tetrachlorobutane (3 : 5622 ) , 

C with 5% soln. of Na2C03 in 50% aq. ale. refluxed for 10 hrs. (1) or C with aq. KOH, 
NaOH, Na2C03, Ba(OH)2, Mg(OH)2, CaCOj, etc., (2) undergoes both hydrolysis and 
hydrolytic cleavage giving respectively a-hydroxy-n-butyric acid [Beil. III-302, IIIi-(114), 
IIl2-(216)l (yields: 46% (1), 21% (2)), m.p. 43°, and propionaldehyde (1:0110) (29% 
yield (2)). 

Eihyl-trichloromethyl-carbinyl acetate: b.p. 164-166° at 680 mm. (4). [Prom 

C with AC2O at 130-135° for 2 hrs. (4). Note that in light of subsequent work (1) 
the identity of this prod, has been questioned.] 

Ethyl-trimethyl-carbmyl benzoate: b.p. 217-218° at 680 mm. (4). [From C with 

BzCJl + cold dil. aq. alk. (4). Note that in light of subsequent work (1) the identity 
of this prod, has been questioned.] 

(© Ethyl-trimethyl -carbmyl ^-nitrobenzoate: cryst. from pet. ether, m.p. 70-71.5° (1). 
[Note that this m.p. is identical with that of the p-nitrobenzoate of 2,2,2-trichloro- 
ethanol-1 (3:5775); although each appears to be authentic, whether their mixture 
shows depression of m.p. is not reported.] 

3:5955 (1) Gilman, Abbott. J. Org. Chem. 8, 224-229 (1943). (2) Hubert, Bull. aoe. chim. (4) 

97, 49, 55 (1920). (3) Jacob, BuU. eoc. chim. (5) 7, 681-686 (1940); C.A. 86 . 3607 (1942). (4) 
Howard, J. Am. Chem. Soc. 48 , 774-775 (1926). (5) lotsich, J. Rues. Phya.-Chem. Soc. 95, 

445 (19()4); Bull. aoc. chim. (3) 84 , 329 (1905). (6) Meerwein, Hinz, Majert, Sdoke, J. prakl, 

Chem. (2) 147, 234, Note 1 (1936). 
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3:5957 l,l,S-TRICHLOROPROPANONE-2 CtHjOClt Beil. I -655 

(a,a,7-Triohloroacetone) CHs — C — CHClj I: — 

k A 

B.P. 172® (1) 

[For prepn. of C from l,l-dichloro-3-bromopropanone-2 (1) with ale. HgCl2 see (1); for 
formn. from acetone (1:6400) with CI2 in pres, of NiCU at 70° (together with other prods.) 
8ee(2).] 

C with aq. or ale. NH4OH faUs {1) to give chloroform; C with KOH + aniline /aib (1) 
to give phenylisocyanide. [Dif. from isomeric l,l,l-trichloropropanone-2 (3:5620).] 

[C with diazotized aniline in pres, of NaOAc couples (3) to yield a cpd. having composition 
C«H70N2Cl3 (and presumably structure C6H5.NH.N = C(Cl).CO.CHCl2), cryst from pet. 
ether, m.p. 115-116° {3).l 

8:5057 (1) CloSz, Ann. chim. (6) 9, 176 (1886). (2) Akashi, Bull. Inst. Phya.-Chem. Research 

(Tokyo) 1*. 329-340 (1933); Cent. 1983, I 3066; C.A. 27. 3447 (1933). (3) Favrel, BuU. soc. 
chim. (6) 1, 986-987, 989 (1934). 


3:5960 m-DICHLOROBENZENE 


a 

C 6 H 4 C 12 


Beil. V - 202 





A 




Vi-dii) 




1 

■Jci 




V2-(164) 

B.P. 


F.P. 







172.8° 

(1) 

-24° 

<6) 

= 

- 1.2879 

(11) 

,,20 9 

« 1.5470 (11) 

172.0-172.6^ 

’ (2) 

-24.1° 

(12» 






172-173° 

(7) 

-24.2° 

(12) 

11 

1.2881 

(8) 



172° cor. at 

766 nun. (3) 

-24.4° 

(S) 


1.289 

(11) 



178.1° at742.4inm. (4) 

-24.8° 

(7) 


1.287 

(1) 



169-170° at 

766 mm. (5) 

-25° 

(6) 




niJ* 

= 1.5472 (8) 

170° cor. at 

744 nun. (6) 

-26.25° 

<9) 

Z)i« = 



ni> 

* 1.5480 (7) 

66° at 

20 mm. (7) 


(10) 

1.2937 

(8) 




C when pure is colorless oil, volatile with steam. 

[For f.p./compn. data and diagram of system C +_o-dichlorobenzene (3:6055) (eutectic, 
m.p. —46.9°, contg. 51.3% C) see (12); on system C -h p-dichlorobenzene (3:0980) (eu- 
tectic, m.p. —29.9°, contg, 88.0% C) sec (12); for f.p./compn. data on ternary system of 
all three dichlorobenzenes see (7); for f.p./compn. data on systems: C + fluorobenzene, 
C + chlorobenzene (3:7903), C + bromobenzene, and C -f (Mihlorotoluene (3:8245) 
see (9).) 

[For data on densities of solns. of C in CoHe (1 : 7400) and in n-hevane (1:8530) see (13).] 
[C is very spar. sol. aq. (for study of this over range 20-60° see (14)).] 

[For prepn. of C from ?w-chloroaniline [Beil. XlI-602, XIIi-(300)] via diazotization and 
use of CU2CI2 reactn. (yields: 80% (15), 70% (16)) (7) (17) or by pptn. of the diazonium 
chloroplatinate and htg. of latter with Na^COs (4) see indie, refs.; from 2,4-dichloroaniline 
[Beil. XII-621, XIIi-(309)] via diazotization in ale. (18) (17) (3) (4) or isoamyl ale. (19) 
followed by replacement of orig. amino group by H by actn. of the ale. (60% yield (16)) 
or with hypophosphorous acid (50% yield (19)) (use of alk. SnCl2 or oxidn. of the corresp. 
2,4-dichlorophenylhydrazine with CUSO4 gave only very low yields (15)) see indie, refs.; 
from m^phenylenediamine [Beil. XIll-33, Xllli-(IO)] via tetrazotization in AcOH with 
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nitrosylsulfuric acid followed by use of CU2CI2 reactn. (70.4% yield (20)) (21) see indie, 
refs.] 

[For prepn. of C from m-chloronitrobenzene [Beil. V-243, Vi-(129)J with SOCI2 in s.t. 
at 190-200® for 12 hrs. (71% yield (22)), from TM^nitrobenzenesulfonic acid [Beil. XI-08, 
XIi-(21)] with SOCI2 in s.t. at 180-200° (23), from r^bromonitrobenzene [Beil. V-248, 
Vi- (131)1 with PCls in s.t. at 180° (24), from 2,6-dichlorobenzoic acid (3:4200) by htg. in 
acetamide at 225-235° for 6 hrs. (93% yield (25)), or from 2,6-dichlorobenzaldehyde 
(3: 1690) with 50% KOH under N2 at 100° for 5 hrs. (84% yield (6)) see indie. refs.J 

[For formn. of C from 2,6-dichloroacetophenone (5), 2,4-dichlorobenzophenone (3:0825) 
(26), 2,6-dichlorobenzophenone (3:2285) (26), or 3,5-dichlorobenzophenone (3 .*'1505) (26) 
by fusion with KOH/NaOH see indie, refs. ; for formn. of C from 1,3-dichlorocyclohexadiene- 

l, 3 [Beil. V-114] with PCls or with Br2 in CHCI3 see (27).] 

[For formn. of C from CeHe (1:7400) or chlorobenzene (3:7903) with CI2 -f cat. at 
400-700° (50-60% yield (12)) (28) or with CI2 in pres, of AICI3 (29) cf. (30) sec indie, refs.] 

[C with CI2 + Al/Hg (31) or with CI2 + AICI3 (30) cf. (29) gives mainly 1,2,4-trichloro- 
benzene (3:6420). — C suspended in 1% aq. NaOH adds 3 CI2 in sunlight giving (32) 
m-dichlorobenzene hexachloride, cryst. from ale., m.p. 81.8° (32). — For study of photo- 
chemical chlorination of C see (33).} 

[C with Mg (1 mole) -f- I2 (0.25 equiv.) gave (34) after 3 days 62.5% m-chlorophenyl 
MgCl.] 

[C with CHCI3 -}- AICI3 at 65° for 14 hrs. as directed gives (18% yield (35)) <m-(2,4- 
dichlorophenyl)methane, white cryst. from hot acetone, m.p. 227-228.5° (35). — C with 
ecu + AICI3 as directed gives (60% yield (35)) 2,4,2',4'-tetrachlorobenzophenone di- 
chloride, white pi. from hot acetone, m.p. 139.0-140.5° (35), 140° (36); hydrolysis of this 
prod, with ACOH/H2SO4 yields (37) 2,4,2',4'-tetrachlorobenzophenone, m.p. 78° (37), 
accompanied by some 2,4-dichlorobenzoic acid (3:4560), m.p. 161° (37).] 

[C with acetyl chloride (3:7065) -f- AICI3 gives (15% yield (38)) 2,4-dichloroacetophe- 
none, b.p. 140-150° at 15 mm. (38), m.p, 33-34° (38). — C with chloroacetyl chloride 
(3:5235) + AICI3 in CS2 yields (39) 2,4-dichlorophenacyl chloride (2,4, c^trichloroacetophe- 
none), pr. from Igr., m.p. 57° (39). — C with /3-chloro-n-butyric acid (3:0035) + AlCU 
or cone. H2SO4 yields (40) by condens. and subsequent ring closure 4,6-dichloro-3-methyl- 
indanone-1, m.p. 67-70° (40). — C with o-bromobenzoyl chloride -f AICI3 in CS2 gives 
(43% yield (41)) 2-bromo-2',4'-dichlorobenzophenonc, b.p. 227-228.5°, m.p. 33-34°.] 

[C with phthahe anhydride + AICI3 at 100-110° for 7 hrs. gives ( 17 % yield on the 
anhydride (42)) (43) o-(2,4-dichlorobenzoyl)benzoic acid, W'hite cubes from CeHe or CHCU, 

m. p. 106-107° (42), 100-101° (43), accompanied (44) (especially if acetylene tetrachloride 
is used as solvent) by 3,3-5is-(2',4'-<lichlorophenyl)phthalide, m.p. 176° (44); the above 
o-(2,4-dichlorobenzoyl)benzoic acid with fumg. H2SO4 at 155-160° ring-closes (90% yield 
(42)) to 1,3-dichloroanthraquinone [Beil. VII-787, VIIi-(411)], yel. ndls. from AcOH, 
m.p_. 209-210° (42).] 

[C on hydrolysis with steam + cat. at 550-850° yields (45) TrMshlorophenol (3:0255) 
and/or resorcinol (1 : 1530). — For studies of reactn. of C with NaOMe/MeOH see (46) 
(47) (48).] 

[C with cone. aq. NH4OH in pres, of CuO under press, at 150-200° (49) cf. (50) (51) 
yields m-phenylenediamine. — C with K diphenylamine gives on htg. (16) (52) 
tetraphenyl-m-phenylenediamine [Beil. XIII-42], m.p. 137.5-138° (16) (52) (note that this 
same prod, is similarly obtd. from o-dichlorobenzene (3:6055) and in part also from p- 
dichlorobenzene (3:0980).] 

[C on mononitration, e.g., by soln. in 4.5 moles HNOs (D = 1.5) in cold followed by 
10 min. htg. at 70° (53) or with 5 pts. fumg. HNOs (D *= 1.52) at 0° (90% yield (54)) cf. 
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(3). <27) (17) gives l,3-dichloro-4-nitrobenzene [Beil. V-245, Vi-(131)], cryst. from ale., 
m.p. 34*^ (55), 33-34** (27), 33** (53) (3), accompanied by a little (2.6% at -30^ 4% at 
0** (17)) l,3-dichloro-2-iiitrobenzene [Beil. V-246, Vi-(131)], m.p. 70.5** (56), 70° (56) 
(reactn. prod, with piperidine is 3-chloro-2-nitrO"l-piperidinobenzene, m.p. 63° (57)).] — 
(The only other possible mononitro-m-dichlorobcnzene, viz., l,3-dichloro-5-nitrobenzene 
[Beil. V-246, Vi-(131)], m.p. 65° (56), has been prepd. indirectly.] 

C on dinitration, e.g., with 3.4 wt. pts. HNOa {D — 1.54) -f 6.8 wt. pts. cone. H2SO4 
at 99° for 1 hr. (56) (cf. (22) (58) (27) (59) (60) (61)) gives (85% yield (56)) 1,3-dichloro- 

4.6- dimtrobenzene [Beil. V-265, Vi-(138)], cryst. from ale., m.p. 103° (22) (60), 102-103° 
(68), 102°‘(27), 101° (56), accompanied by 15% yield (56) of l,3-dichloro-2,4-dinitro- 
benzene [Beil. V-2651, m.p. 68° (56). — For f.p./compn. data and diagram for these two 
cpds. (eutectic, m.p. 48.1°, contg. 38% of the former) see (56). — Note that 1,3-dichloro- 

4.6- dinitrobenzene with piperidine in ale. boiled for 10 min. replaces 1 chlorine yielding 
(62) l-chloro-4,6-dinitro-3-piperidinobenzene, ycl. cryst. from ale., m.p. 119° (62); with 
piperidine in pyridine (requires cooling) it replaces both chlorine atoms yielding (62) 4,6- 
dinitro-l,3-dipiperidinobenzene, yel. Ifts. from AcOH, m.p. 130-131° (62). — [Both of 
the other two possible dinitro-m-dichlorobenzenes are known, viz., l,3-dichloro-2,5-dinitro- 
benzene [Beil. Vi-(138)], m.p. 114°, and l,3-dichloro-4,5-dinitrobenzene [Beil. V-264], 
m.p. 98°, but have been prepd. indirectly .1 

[The direct trinitration of C has not been reported; of the four possible trinitro-7M-di- 
chlorobenzenes only one, viz., l,3-dichloro-2,4, 6-trinitrobenzene [Beil. V-275], m.p. 128°, 
is known.] 

[C on monosulfonation with fumg. H2SO4 at 230° (3) or with fumg. H2SO4 (7% SO3) at 
100° (7) or with fumg. H2SO4 (12% SO3) (54) gives (82% yield (54)) 1,3-dichlorobenzene- 
sulfonic acid-4 [Beil. XI-55, XIi-(15)], m.p. 86° (54) (corresp. sulfonyl chloride, m.p. 
64.6° (7), corresp. sulfonamide, m.p. 182° (7) (see also below)), both C and its ortho isomer 
(3:6055) sulfonate with about equal case, both much more readily than p-dichlorobenzene 
(3:0980) (use in sepns. from latter).] 

[C on disulfonation with fumg. H2SO4 (45% SO3) at 140-150° for 6 hrs. (63) gives 1,3- 
dichlorobenzenedisulfonic acid-1,6 (corresp. 6is-(sulfonyl chloride), m.p. 122-123° (63) 
(64), corresp. 6is- (sulfonamide), m.p. 276° (63); unlike the corresp. l,3-dichloro-4,6- 
dinitrobenzene the halogen in this disulfonic acid is unreactive (63).] 

[For study of kinetics of sulfonation of C see (66).] 

® l,3-Dichlorobenzenesulfonamide-4 (2,4-jlichlorobenzenesulfonamide-l): cryet from 
dil. ale., m.p. 179-180° u.c. (65). [From C on treatment as directed (65) with Cl.SOsH 
followed by conv. of the intermediate 1,3-dichlorobenzenesulfonyl chloride-4, m.p. 
62-53° u.c. (65), to the sulfonamide by means of (NH4)2C03.] — [Note that although 
the m.p. of this sulfonamide is practically identical with that from p-dichlorobenzene 
(3:0980) each depresses the m.p. of a mixt. with the other; the m.p.*s of the precursor 
sulfonyl chlorides, viz., 52-63° for C, 38° for the p-isomer, may also serve to distinguish 
them (65).] 

8:6060 (1) Groves, Sugden, J. Chem. Soc. 1937 , 1783. (2) Dadleu, Pongratz, Eohlrausoh, 
Monatsh. 61 , 431 (1932). (3) Beilstein, Kurbatow, Ann. 183 , 97-98 (1876). (4) Koerner, 
Oazz. chim. ital. 4 , 341 (1874). (5) Lock, Bock, Ber. 70 , 922 (1937). (6) Lock, Ber. 66 , 1530 
(1933). (7) Holleman, van der Linden, Rec. trav. chim. 30 , 305-341 (1911). (8) Narbutt, Ber. 

63 , 1031 (1919). (9) Timmermans, Bull. soc. chim. Belg. 43 , 632-634 (1934). (10) Timmermans, 
BuU. soc. chim. Belg. 36 , 67 (1921). 

(11) von Auwers, Ann. 433 , 164, 168 (1921). (12) Wibaut, van der Lande, Wallagh, Rec. 

trav. chim. 66, 65-70 (1937). (13) Smyth, Morgan, Boyce, J. Am. Chem. Soc. M, 1542 (1928). 

(14) Klemenc, L5w, Rec. trav. chim. 49 , 637 (1930). (15) Borsche, Bahr, Ann. 403 , 88-90 (1914). 

(16) Haeussermann, Ber. 33 , 940-941 (1900). (17) Holleman, Reiding, Rec. trav. chim. 33 , 
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36^360, 369-379 (1904). (18) Chattaway. Evans, J, Chem. Soc. 59, 860-851 (1896). (19) 
Raiford, Oberst, Am. J. Pharm. 107, 242-244 (1936). (20) Hodgson, Walker, J. Chem. Sac. 
1936, 530. 

(21) Sandmeyer, Ber. 17, 2652 (1884). (22) Davies, Hickox, J. Chem. Soc. 131, 2648-2649 

(1922). (23) Kinslberger and Co., Ger. 280,379, Nov. 26, 1914; Cent. 1916, 1 104. (24) Schmidt, 
Wagner, Ann. 387, 164-166 (1911). (25) Norris, Klemka, J. Am. Chem. Soc. 63, 1434 (1940). 
(26) Lock, Rodiger, Ber. 73, 868-870 (1939). (27) Crossley, Haas, J. Chem. Soc. 83, 502-503 
(1903). (28) Wibaut, van der Lande, Wallagh (to Dow Chem. Co.), U.S. 2,123,857, July 12, 
1938; Cent. 1939, I 250; C.A. 83. 7058 (1938). (29) Mouneyrat. Pouret, Compt. rend. 137, 
1027 (1898). (30) Olivier, Rec. trav. chim. 39, 411-413 (1920). 

(31) Cohen, Hartley, J. Chem. Soc. 87, 1364 (1905). (32) von der Linden, Ber. 46, 415-416 
(1912). (33) Fisk, Noyes, J. Am. Chem. Soc. 58, 1707-1714 (1936). (34) E. L. St. John, N. B. 
St. John, Rec. trav. chim. 65, 587 (1936). (35) Wilson, Cheng, J. Org. Chem. 6, 223-226 (1940). 

(36) Jaeger, Z. anorg. aUgem. Chem. 161, 143-144 (1917). (37) Boeseken, Rec. trav. chim. 27, 

8-9 (1908). (38) Roberts, Turner, J. Chem. Soc. 1927, 1846. (39) Kunckell, Ber. 46, 1702- 
1703 (1907). (40) I.G., Swiss 126,404, June 16, 1928; 127,692-127,703, Sept. 1, 1928; 128,366, 
Oct. 16, 1928; Cent. 1929, I 1271-1272. 

(41) Meisonheimer, Hanssen, Wachterowitz, J. praki. Chem. (2) 119, 350-355 (1928). (42) 

Goldl^rg, J. Chem. Soc. 1931, 2829-2830. (43) Gubelmann, Weiland, Stallmann (to Newport 

Co.), U.S. 1,711,144, April 30, 1929; Cent. 1929, II 796; Brit. 288,884; Cent. 1928, II 1821. (44) 

Barnett, Goodway, Wilson, Ber. 66, 1876, 1881 (1933). (45) Lloyd, Kennedy, U.S. 1,849,844, 

March 16, 1932; Cent. 1932, I 2994. (46) HoUeman, de Mooy, Rec. trav. chim. 36, 27-28 (1915). 

(47) HoUeman, Rec. trav. chim. 37, 203 (1917). (48) Clark, CJrozier, Trane. Roy. Soc. Can. (3) 

19, III 153-154 (1925); Cent. 1926, H 20; C.A. 26, 388 (1926). (49) WilUams (to Dow Chem. 

Co.), U.S. 1,775,360, Sept. 9, 1930; Cent. 1931, II 1195. (50) Federal Phosphorus Co., Brit. 
370,774, May 5, 1932; Cent. 1932, II 1237. 

(51) Booth (to Swann Research, Inc.), U.S. 1,954,469, April 10, 1934; Cent. 1934, II 1846. 
(52) Haeussermann, Ber. 34, 38-40 (1^1). (53) Roberts, Turner, J. Chem. Soc. 127, 2011 

(1925). (54) van de Lande, Rec. trav. chim. 61, 98-99 (1932). (55) Kremer, Bendich, J. Am. 
Chem. Soc. 61, 2659-2660 (1939). (56) Dann, J. Chem. Soc. 1929, 2460-2462. (57) Loudon, 

J. Chem. Soc. 1940, 1526. (58) Jois, Manjunath, Half-Yearly J. Mysore Univ. 4, 23^240 (1930); 
Cent. 1930, I 1124; C.A. 26, 2981 (1931). (59) HoUeman, don Hollander, Rec. trav. chim. 39, 
437 (1920). (60) Hodg.son, J. Soc. Dyers Colourists 42, 367 (1926). 

(61) Zincke, Ann. 370, 302, Note (1909). (62) LeFevre, Turner, J. Chem. Soc. 1927, 1118. 
(63) Davies, Poole, J. Chem. Soc. 1927, 1122-1123. (64) Poliak, Wienerberger, Monatsh. 36, 
1472 (1914). (65) Huntress, Carton, J. Am. Chem. Soc. 62, 511-514 (1940). (66) Dresel, 


Beil. 1 - 655 

11- (344) 

12- (719) 


Beil, n - 278 
ni.(i24) 
n2-(254) 

B.P. ITS-ITA* (1) - l.»S81 (6» nt® - 1.4631 (2) 

83-85° at 40 mm. (2} 1.46164 (5) 

68° at 16 mm. (3> 

60-61° at 12 mm. (4) 

55-56° at 12 mm. (5) 

50-60° at 11 mat. (6) 


Hinshelwood, J. Chem. Soc. 1944, 649-652. 

l,3-DICHLOROPROPANONE-2 CHr-C— CH 2 C 3 H 4 OCI 2 

(syw.-Dichloroacetone) ^ 

B.P. 173® M.P. 44® 

See 3 : 0563. Division A : Solids. 
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[For prepn. of C from 7-chloro-n-butyric acid (3:0020) with SOCI 2 (82% yield <4)) 
(3) in pet. eth. (6), or with PCU (1) (3), see indie, refs.: from n-butyryl chloride (3:7370) 
with CI2 (7) or with SO 2 CI 2 + dibenzoyl peroxide in CCI 4 (30% C + 15% a- and 55% /3- 
isomers (2)) see indie, refs.] 

(C with EtZnI at —15 to —20° yields (3) y-chloro-n-propyl ethyl ketone (6>chlorohexa- 
none-3) [Beil. Ii-(355), l2-(747)], b.p. 182-183° at 761 mm. <8) (semicarbazone, m.p. 98- 
99° <8), 118° <3); p-nitrophenylhydrazone, m.p. 106-107° (3)), but above 0° the reactn. 
yields 7-chloro-n-propyl-ethyl-carbinyl 7-chloroacetate, b.p. 172-174° at 19 mm. (3).] 

C on hydrolysis with aq. yields 7-chloro-n-butyric acid (3:0020). 

For the amide, anilide, p-toluidide, and other derivs. corresp. to C see 7-chloro-n-butyric 
acid (3:0020). 

3:5970 (l) Henry, Bull. soc. chim. (2) 45, 341 (1886). (2) Kharasch, Brown, J. Am. Chem. Soc. 

62, 925-929 (1940). (3) Wohlgemuth, Ann. chim. (9) 2, 307, 405-408 (1914). <4) Blicke, 

Wright, Zienty, J. Am. Chem. Soc. 63, 2489 (1941). <5) Leimu, Ber. 70, 1050 (1937). (O) 

Lipp, Caspers, Ber. 58, 1012-1013 (1925). (7) Michael. Ber. 34, 4051-4053 (1901). <8) Boosere, 

BiiU. soc. chim. Belg. 32, 29 (1923). 


3:5975 ISOPROPYL TRICHLOROACETATE C6H7O2CI3 Beil. S.N. 160 

(CH3)2CH.O.CO.CCl3 

B.P. 

173.9-174.9° (1) = 1.2911 (2) n|? =» 1.4409 (2) 

173.5° at 747 mm. (2) Df = 1.3034 (3) nf? = 1.44355 (3)cf. (5) 

65.5-67.0° at 16 mm. (3) 

65° at 10 mm. (4) Z)4® « 1.2987 (4) nj? » 1.4440 (4) 

[For prepn. from isopropyl ale. (1:6135) -h trichloroacetic ac. (3:1160) (57.8% yield 
(2) (3)) see (2) (3); for prepn. from propylene -f trichloroacetic ac. (3:1160) -f BF3 (48.8% 
yield (2)) see (2).] 

[For study of chlorination of C see (4); for reaction with CeHe + BF3 yielding ethyl- 
benzene (1 : 7410) see (6).] 

[For study of hydrolysis of C see (3).] 

3:5075 fl) Cheng, Z. phyaik. Chem. B-24, 310 (1934). (2) Dorris, Sowa, Nieuwland, J. Am. 

Chem. Soc. 56, 2689-2690 (1934). <3) Palomaa, Salmi, Korte, Ber. 72, 797 (1939). <4) Gayler, 

Waddle, J. Am. Chem. Soc. 63, 3358—3359 (1942). (5) Schjauberg, Z. phyaik. Chem. A-172, 

229 (1935). (6) McKenna, Sowa, J. Am. Chem. Soc. 50, 1204-1205 (1937). 

^-DICHLOROBENZENE ^C1 C6H4CI2 Beil. V - 203 

^ / Vi-(lll) 

V2-(154) 

B.P. 174° at 764 mm. M.P. 53° 

See 3 : 0980. Division A : Solids. 
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3:6977 l,8-DICHL0R0.3-METHn.PR0PAN0L-2 C4H*0a* Bail. 1-382 


(«ym.-Dichloro-<er-butyl alcohol) 

CHa 

II— 



CHs— d) — CHj 
i i I 

Ir- 



Cl OH CJl 


B.P. 174-176® 

(1) 

i^® = 1.2768 (3) 

ng* = 1.4760 (3) 

173-174® 

(2) 

1.2746 (8) 

1.47437 (8) 

168-170.6® at 

761 mm. (3) 


72-73® at 

28 mm. (4) 

Dl* = 1.266 (6) 

riS = 1.4662 <6) 


71-72° at 18 mm. <5) 

73-76° at 16 mm. (6) 

70° at 14.8 mm. (7) 

69° at 14 mm. (8) 

6ti-66° at 10 mm. <3) 

[See also the isomeric itl~dtchloro-2-meihylproparu}lr2 (3:5772).! 

C with aq. forms a const.-boilg. mixt., b.p. 98.3®, contg. 35.2% C (8). — Soly. of C in 
aq. at 20® is 9.4 g. C in 100 g. aq. , soly. of aq. in C at 20® is 10.8 g. aq. in 100 g. C (8). 

PREPARATION OF C 

[For prepn. of C from l-chloro-2-methylpropene-2 (methallyl chloride « isobutenyl 
chloride) (3:7145) by addn. of HOCl with HOCl (yields: 33% (4), 32% (3)) (7>, with 
Cl 2 /aq. (70% yield (8)), or with organic hypochlorites (7) see indie, refs.; note that if the 
initial methallyl chloride cents. /3,/3-dimethylvinyl chloride (isocrotyl chloride) (3:7120) 
the crude HOCl addn. prod, will contain l,l-dichloro-2-methylpropanol-2 (3:5772), but 
this can be separated from C by fractional distillation.] 

[For prepn. of C from at,a'-dichloroacetone (3:0563) with MeMgBr (yields: 80-85% (6), 
40% (5)) (1) see indie, refs.; from chloroacetone (3:5425) with diazomethane via /3-methyi 
epichlorohydrin (3-chloro-2-met hy 1-1, 2-cpoxy propane) (3:7657) and subsequent ring 
opening with cone. HCl see (2).] 

CHEMICAL BEHAVIOR OF C 
With Inorganic Reactants 

Dehydration. [C is difficult to dehydrate but on twice htg. with equal wt. PsOs at 
110-195® for 2 hrs. gives (46% yield <6)) l,3-dichloro-2-methylpropene-l (3:5590). — 
C with strong H 2 SO 4 loses H 2 O giving (9) 80% 3-chloro-2-(chloromethyl)propene-l (3 : 5633) 
-h 20% l,3-dichloro-2-methylpropene-l (3:5590).] 

Dehydrohalogenation. C with aq. Ca(OH )2 loses 1 HCl giving (93% yield (10) (11)) 
3-chloro-2-methyl-l,2-epoxypropane 03-methylepichlorohydrin) (3:7657) which distils 
as its azeotrope, b.p. 89.8®, contg. 25.6% aq. (10). — Note that, if alk. is added in excess, 
reactn. is complete in a few seconds at room temp, and the process can even be used as 
a method for detn. of C in aq. soln. [For use of C in comml. prepn. of / 3 -meth 3 depichloro- 
hydrin (3:7657), ^-methylglycerol monochlorohydrin, /8-methylglycidol, and /3-methyl- 
glycerol see (10).] 

Behavior with sodium sulfite. [C (1 mole) with aq. Na 2 S 03 (2 moles) at 70-90® for 
2 hrs. yields (3) the salt of 2-methylpropanol-2-di8ulfonic acid-1,3; this prod, with PCU 
not only is converted to the his (acid chloride) but simultaneously loses H 2 O yielding (3) 
2-methylpropen-l,3-6w-(sulfonyI chloride), long ndls. from CCI4, CeHe, or pet. ether, m.p. 
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79.2-79.8® <3) (corresp. 6 m- ( sulfonamide), m.p. 162.5-154® (3); corresp. 6 m^ ( anilide), 
m.p. 171.5-172.6® (3)).] 

Behavior with Organic Reactants 

[C with KCN (2 moles) yields <4) l,3-dicyano-2-methylpropanol-2; note, however, that 
attempts to purify this prod, by vacuum distn. lead only to decomposition and pol3rmeriza- 
tion <4).] 

® l,3-Di-(/3-naphthozy)-2-methylpropanol-2 (2-methylglycerol a,a'-di 09-naphthyl 

ether) : colorless cryst. from ale., m.p. 151-152° (5). [From C with sodium jS-naphthol- 
ate in boilg. ale. (5).] 

S2fm.-Dlchloro-fer-butyl acetate: unreported. 

spm.-Dichloro-fer-butyl benzoate: unreported. 

sym. -Dichloro-fer-butyl ^-nitrobenzoate: unreported. 

^m.-Dichloro-fer-bi]tyl 3,6-dinitrobenzoate: unreported. 

l,3-bts-Phthalimido-2-methylpropanol-2: unreported. 

3:6977 <l) Henry, Compt. rend. 142, 132 (1901); BuU. soc. chim. Belg. 20, 152-156 (1906). (2) 
Arndt, Amende, Ender, Monatah. 69, 213-214 (1932). (3) Suter, Malkemus, J. Am. Chem. See. 
68, 980-981 (1941). <4) Hurd, Abernethy, J. Am. Chem. Soc. 63, 976-977 (1941). (5) Gibson, 

Harley-Mason, Litherland, Mann, J. Chem. Soc. 1942, 171. (6) D’y^hnov, J. Gen. Chem. 

iU.S.S.R.) 10. 402-^13 (1940); C.A. 34, 7861 (1940). (7) Groll, Hearne (to Shell Development 
Co.), U.S. 2,067,392, Jan. 12, 1937; C.A. 31, 1432; not in Cent.: (to N. V. de Bataafsche Petroleum 
Maatachapij), Brit. 435.096, Oct. 10, 1935; Cent. 1936, II 865; C.A. 30, 1067 (1936): IVench 
789,289, Oct. 25, 1935; Cent. 1936, II 865; C.A. 30. 1812 (1936). (8) Burgin, Hearne, Rust, 
Ind. Eng. Chem. 33, 38^388 (1941). (9) Groll, Burgin (to Shell Development Co.), U.S. 2,042,- 
223, May 26, 1936; Cent. 1937, I 1274; C.A. 30, 4875 (1936). <10) Hearne, de Jong, Ind. Eng. 
Chem. 33, 940-943 (1941). 

(11) Groll, Hearne (to Shell Development Co.), U.S. 2,061,377, Nov. 17, 1936; Cent. 1937, 
I 4862; C.A. 81, 704 (1937). 
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fl 

C«H60C1 Bell. VI - 183 





[ 


VIi-( 98) 





V 


VIip.(170) 

B.P. 



M.P. 




175-176® 

cor. at 760 mm. 

{i> 

+ 8.7® 

(9) 

= 

1.3456 (3) n|>® = 1.5573 (11) 

175.4-176.0'’ 

(2) 

+8.0® 

(10) 


1.2573(114) 1.5563 (114) 

175® 


(3) 

(3) (20) 



174-175® 


<4) 

+ 7° 

(1) 

= 

1.2512 <3) 

174.5® 

at 763 mm. 

<S) 




n}>® ® » 1.5612 (12) 

174.3® 

at 749 mm. 

(6) 





90® 

at 60 mm. (114) 





62.4-62.6* 

’ at 14 mm. 

<2) 





64® 

at 13 mm. 

<7) 





52-54® 

at 7 mm. 

(8) 






I8ee aleo p-cklorophenol (3:0475).] 

C has disagreeable and persistent odor (13) suggesting iodoform (14) (for study of strength 
of odor in aq. soln. see (H)). — C is spar. sol. in aq. at ord. temp, (for details see (15)). 
C is sol. ale. or ether. — C is volatile with steam even from soln. in equiv. aq. NaOH (dif. 
and sepn. from 2j4-dichlorophenol (3:0560) (27)). 
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The cryoscopic const, of C is 77.2 (16), but the m.p. of C is not always a good criterion 
of its purity; e.g., the pres, of as much as 20% phenol (1 : 1420) lowers f.p. of C only 1.7% 
(17) (see also below). — [For removal of phenol from C by means of treatment of mixt. 
with 10% aq. K2CO8, extraction of the phenol with ether, etc., see (18).J 

Selected data on binary systems contg. C: G + aq,\ for soly./temp. data see (15): 
G 4” CqHq; for f.p./compn. data see (15); for niJ^ compn. data see (12): G + aceUme; 
these two substances form a mol. cpd., C.CaHeO, m.p. —39.8° (19), this mol. cpd. forms 
with acetone a eutectic, m.p. —97.1°, contg. 7.2 mol. % C, and with C another eutectic, 
m.p. —47.6°, contg. 62.4 mol. % C (19); for the Dj of mixts. of C + acetone for t « 0-60® 
see {Z):G + phenol; for anal, of this mixt. by bromometric methods see (17). 

C ■+• aniline; these two substances form a mol. cpd., C.C6H6NH2, m.p. 29.4° (19); this 
mol. cpd. forms with aniline a eutectic, m.p._— 12°, contg. 9.7 mol % C, and with C another 
eutectic, m.p. —1.76®, contg. 83.8 mol % C (19); for Dj of mixts. of C 4- aniline for t = 
10-160® see (3) (21); 5 4- jh-toluidine: these two substances form a mol. cpd., C.CH8.C6H4.- 
NH2, m.p. 38.9° (20); this mol. cpd. forms with 2>‘toluidine a eutectic, m.p. 25.2°, contg. 
24 mol % C, and with C another eutectic, m.p. 3.6°, contg. 83.6 mol % 6 (20); for nS/ 
compn. data and diagram of the system see (20): C 4- phenyUiydrcusine; for D?/compn. 
data see (21). 

C 4- dimethylaniline: these two substances form a mol. cpd., C.CeHsN (CH3)2, m.p. 
16.7° (19); this mol. cpd. forms with dimethylaniline a eutectic, m.p. —4.0°, contg. 11 
mol. % C, and with C another eutectic, m.p. abt. —3°, contg. abt. 84 mol. % C (19); for 
DI of mixts. of C 4- dimethylaniline for t = 0-80° see (3): 4“ pyridine; these two substances 

form a mol. cpd., C.CsHsN, m.p. —21.6° (19); this mol. cpd. forms with pyridine a eutectic, 
m.p. —63°, contg. 23.1 mol. % C, ^d with C another eutectic, m.p. —36.9°, contg. 66.1 
mol. % C (19); for D4 of mixts. of C with pyridine for t = 0-110° see (3); for data on 
and no for this system see (11); <? 4- quinoline: theso two subst. form a mol. cpd., C.C^HyN, 
m.p. 47.4° (19); this mol. cpd. forms with quinoline a eutectic, m.p. —27.6°, contg. 9.6 
mol. % C, and with C another eutectic, m.p. —10.9°, contg. 79.1 mol. % C (19); for DJ of 
mixts. of C with quinoline for t — 0-110® see (3); C + N-methyldiphenylamine: this system 
does not form a mol. cpd. but shows a eutectic, m.p. —29.1°, contg. 43.6 mol. % G (19); 
for Di of mixts. of C with iV-methyldiphenylamine for t = 0-80° see (3). 

C 4- ^-chlorophenol (3:0476): this system has eutectic, m.p. about —20.6°, contg. 
abt. 61.5 mol. % C (9), for sepn. or detn. of C see (27): G + jhdichlorobemene (3:0980); 
this system has eutectic, m.p. —0.4°, contg. SO wt. %G (10). 

[For prepn. of C from o-chloroaniline (Beil. XII-597, XIIi-(297)l via diazotization in 
dll. H2SO4 and subsequent warming of soln. (22) or adding dropwise to strong H2SO4 at 
140° (65% yield (9)) see indie, refs.: from o-aminophenol [Beil. Xlll-354, XIIIi-(108)J 
via diazotization, conv. to corresp. PtCU double salt, and subsequent dry distn. (23), or 
from o-aminophenol hydrochloride via diazotization and distn. with GU2CI2 soln. (32% 
yield (24)) see indie, refs.] 

[For prepn. of C from phenol (1:1420) with CI2 without solvent at 40-155° (9) (13) 
(26) (26) (note that an approximately equal amt. of p-chlorophenol is also formed and 
that the proportion is not much affected by temp. (9) (27)) see indie, refs; from phenol 
with CI2 in pres, of aq. NaOH (28), aq, Na2C03 (29), or in CCI4 soln, (30) (31) see indie, 
refs.; from phenol with iV,Ar'-dichlorourea (32), with ethyl hypochlorite (3:7022) (33), or 
with SQ2CI2 (34) see indie, refs.] 

[For prepn. from 2-chlorophenol8ulfonic acid-4 [Beil. XI-244] by htg. with aq. at 189- 
200® under press. (35) or from 2-chlorophenoldi8ulfonic acid-4,6 [^il. XIi-(58)] by distn. 
with steam at 120° (81% yield (36)), from phenol-p-sulfonic acid [Beil, xi-241, XIi- 
(56)] in nitrobenzene at 65® with CI2 (72% yield (37)) see indie, refs.] 
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[For prepn. of C from o-dichlorobenzene (3:6055) by partial hydrol. with aq. MeOH 
or EtOH alk., alk. earths, or alk. carbonates in pres, of Cu or Cu salts at elevated temps, 
under press, see <38)-{46) incl] 

[C in excess dil. aq. KOH with H 2 in pres, of Ni absorbs 1 mole H 2 (47) but more slowly 
than m^hlorophenol (3:0255) or p-chlorophenol (3:0475). — C is not reduced with HI 
in AcOH at 25° (48).l 

[C on oxidn. with 35% peracetic acid at 25° gives slowly (17 days) in small yield (49) 
a-chloromuconic acid (2-chlorobutadiene-l,3-dicarboxylic acid-1,4), m.p. 190° (49), + 
6-chlorohexadiene-2,4-al-6-oic acid-1, m.p. 145° (49).] 

[C with CI 2 (2 moles) in AcOH gives (80% yield (50)) 2,4-dichlorophenol (3:0560); 
C with CI 2 (3 moles) undoubtedly gives 2,4,6-trichlorophenol (3:1673). — For study of 
chlorination of C with HOCl see (51).] 

C with Br 2 (1 mole) in CCI4 gives (87% yield (52)) 4-bromo-2-chlorophenol, ndls. from 
Igr., m.p. 48-49° (52), 49-50° (53), 50-51° (54). — C with Br 2 (2 moles) in aq. KBr soln. 
gives (55) 2-chloro-4,6-dibromophenol [Beil. VI-203], ndls. from ale., m.p. 76° cor. (55), 
75-76° (56). — C with large excess Br 2 in pres, of Fe powder gives (57) 2-chloro-3,4,5,6- 
tetrabromophenol, ndls. from ale. or AcOH, m.p. 224° (57). 

[C in aq. alk. with I 2 /KI soln. as directed (55) gives 2-chloro-4,6-di-iodophenol, ndls. 
from ale., m.p. 96° (55). — For study of iodination of C see (58).] 

[C on nitrosation as directed (59) (60) pves (96% yield (60)) 2-chloro-4-nitrosophenol 
(2-chlorobenzoquinone-l,4-oxime-4) [Beil. VIl-631, VIIi-(346)], pale yel. ndls. from CeHe, 
m.p. 145° (60), 142° (59); for discussion of tautomerism of this cpd. see also (61) (62) (63).] 

(C on mononitration, e.g., with cold mixt. of equal pts. HNO 3 (D == 1.36) -f aq. (13), 
with HNOa in MeOH (64), or with HNO 3 (D ~ 1.5) in AcOH (65), gives a mixt. of 2 - 
chloro-4-nitrophenol [Beil. VI-240], ndls. from aq., m.p. 110-111°, and (32% (65)) 2-chloro- 
6 -nitrophenol [Beil. VI-239], ndls. from aq., m.p. 70-71°; of these only the latter is volatile 
with steam (use in detn. of C in mixts. with 4-chlorophenol (3:0475) (27)). — Both of 
the other mononitro-o-chlorophenoJs are known but have been obtd. only by indirect 
means; e.g., 2-chloro-3-nitrophenol, m.p. 120.5° ( 66 ), 120° (67), and 2-chloro-5-nitrophenol, 
m.p. 119.5° ( 66 ).] 

C on dinitration, e.g., by soln. in HNO3 (D — 1.36) and subsequent warming yields 
( 68 ) 2-chloro-4,6-clinitrophenol [Beil. VI-259, VIi-(128)], cryst. from ale., m.p. 113° ( 68 ); 
this prod, (unlike picric acid) is volatile with steam from H2SO4 soln. (use in anal, of mixts. 
of C with phenol (17)). 

[C in alk. soln. couples with diazotized aniline giving (70% yield (69) (70) (71)) 3-chloro- 
4-hydroxyazobenzenc ( 2 -chlorobenzoquinone phenylhydrazonc-4) [Beil. XVI-120], yel. 
pr. from aq. ale., m.p. 88.5° (69), 88 ° (70), 86 ° (71). — For study of corresp. coupling of C 
with diazotized p-nitroaniline see (72).] 

[For mercuration of C and use of products as seed disinfectants, etc., see (73); for condens. 
prods, of C with CeHB.Hg.OH see (74).] 

[C over pumice in a silica tube at dull red heat (75) or K salt of C -f- K phenolate at 
250° for 8 hrs. (81) yields diphenylene dioxide [Beil. XIX-44, XIXi-(618)], ndls. from 
MeOH, m.p. 119°, readily identified by dinitration with fumg. HNO3 in AcOH (75) to 
dinitro^phenylene dioxide, ndls. from pyridine, m.p. 257° (75).] 

Condensation reactions involving nuclear hydrogens. [C with formalin (1:0145) in 
pres, of cone. HCl treated with HCl gas as directed (76) gives 3-chloro-4-hydroxybenzyl 
chloride, m.p. 92-93° (76). — C with formalin + H2SO4 (60%) at 60-65° for 16 hrs. gives 
(76) 3,3'-dichloro-4,4'-dihydroxydiphenylmethane, m.p. 103-104° (76). — C with formalin 
(1:0145) -b aq. 10% NaOH as directed (77) yieds acc. to conditions 3-chloro-4-hydroxy- 
tenzyl ale., pi. from CeH«, m.p. 123.5-124°, and/or 3-<jhloro-4-hydroxy-5- (hydroxymethyl)- 
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benzyl ale., ndls. from CHCI3, m.p. 117.5-119®. — For condens. of C with formalin in 
prepn. of synthetic tanning agents see (78).] 

[6 with CHCI3 or CHBrs (79) in pres, of aq. NaOH undergoes Reimer-Tiemann reaction 
yielding both 3-chloro-2-hydroxybenzaldehyde (3 :1010) and S-chloro-i-hydroxybenzalde- 
hyde (3:4065). — C with CCI4 in ale. alk. in s.t. at 125-136® yields (80) 3-chloro-4-hydroxy- 
benzoic acid (3:4675). — C with a,a-dichlorodiphenylmethane (3:6960) -f Aids in cold 
CS2 gives (31) 3-chloro-4-hydroxyphenyl-diphenyl-carbinol, from 60% AcOH as deep 
orange pi. of quinonoid desmotrope, m.p. 118®, but from ale. colorless crysts. of benzenoid 
desmotrope (contg. % mole solvent), m.p. 70-72° (31); note that in hot CeHs, however, 
this reaction takes a different course yielding (31) a,a-6is-(o-chlorophenoxy)diphenyl- 
methane, cryst. from hot ale., m.p. 191-192° (31). — C with chloral hydrate (3:1270) in 
pres, of alk. salts condenses (82) to 3-chloro-4-hydroxyphenyl-trichloromethyl-carbinol 
which on hydrolysis with NaOH yields 3-chloro-4-hydroxybenzaldehyde (3:4065).] 

[C with SOCI2 + AICI3 in CS2 gives (85% yield (83)) 6is-(3-chloro-4-hydroxyphenyl) 
sulfoxide [Beil. VI i- (422)], ndls. from dil. ale. contg. HCl, m.p. 195°. — C with mixt. of 
cone. H2SO4 + fumg. H2SO4 (25% SO3) at 100° for 6 hrs. disulfonates to 2-chloro-4,6- 
disulfophenol which undergoes bimolecular condensation to the corresp. internal ester 
(for details see (84)).] 

[C with phthalic anhydride (1:0725) with AlCU in acetylene tetrachloride (3:5750) 
(85) (86) (87), or with AICI3 + NaCl at 150® (88), gives (yields: 96% (85) (86), 87% (88)) 
2- (3'-chloro-4^-hydroxybenzoyl) benzoic acid, cryst. from MeOH, m.p. 224-225® (85), 
cryst. from AcOH, m.p. 219.5-220° (86), 219° (88); this prod, on ring closure with 15 pts. 
cone. H2SO4 at 150° for 1 hr. (88), or with 10 pts. cone. H2SO4 1 pt. ZnCb at 130° for 
5K hrs. (85), or with 16 pts. 100% H2SO4 + 1 pt. H3BO3 at 195° for 1^ hrs. (86), gives 
(yields: 80% (85), 76% (88), 53.5% (86)) 3-chloro-2“hydroxyanthraquinone, yel. ndls. from 
AcOH, nitrobenzene + AcOH, or xylene, m.p. 267-268° (85), 266.5^267° (86), 266® (88). — 
Note that by slight variations other products are also formed; e.g., C 4- phthalic anhydride 
-t- fumg. H2SO4 -f H3BO3 at 170-200° for 10 hrs. gives (89) both chloro-hydroxy-anthra- 
quinone and dihydroxyanthraquinone cf. (90) and at 255° gives (91) 1,2, 4-trihydroxy anthra- 
quinone (purpurin). — Note that C (2 moles) with phthalic anhydride (1 mole) at 125° 
for 6 hrs. gives (75% yield (92)) dichlorophenolphtlialein, m.p. 98°.] 

Reactions of nuclear halogen of C. [C on hydrolysis with aq. alk., alk. carbonates, or 
alkaline earths in pres, of cat. such as Cu or Cu salts at elevated temps, and under press, 
yields (93) (94) (95) (96) (97) (98) p>Tocatechol (1 : 1520) cf. (43). — C on fusion with 
KOH yields (13) pyrocatcchol but some resorcinol (1:1530) is also formed (98) (99). — 
C with aq. Na2S + NaOH at 210-215° for 24 hrs. yields (100) 2-mercaptophenol (Beil. 
VI-793], b.p. 216-217° cor., m.p. +5°.] 

Reactions of the phenolic group of C (see also imder (^, below). C behaves as a weak 
acid; e.g., C dis. in cone. aq. Na^COs soln. on shaking at room temp. (dif. and sepn. from 
phenol (18)) and is repptd. by treatment with CO2 (18). — Dissoc. const, of C in aq. = 
32 X 10”^° (101); for studies of dissoc, const, in 50% MeOH at 20° (7) (101) (102), in 25% 
Eton at 25° (103), in 30% EtOH at 25° (4) (102) sec indie, refs, 
q has bactericidal (104) (105) (106) (107) (108) (109) and fungicidal (110) properties. 

[C with alkali metals gives corresp. alk. o-clilorophenolates; for use of these as antioxi- 
dants in motor fuels see (111). — Dry Na o-chlorophenolate with CO2 at 140-150° under 
press, yields (25) 3-chloro-2-hydroxybenzoic acid (3-chlorosalicylic acid) (3:4745).] 

[C in MeOH/KOH with Mel in s.t. at 130° (112), or C with aq. KOH -f Me2S04 at 
ord. temp. (113), yields o-chlorophenyl methyl ether (o-chloroanisole) (3:6255). — C in 
abs. ale. + NaOEt with EtI yields (115) o-chlorophenyl ethyl ether (o-chlorophenetole) 
(3:8735). — C with allyl bromide in acetone + aq. -f NaOH gives (90% yield (146)) 
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ftllyl o-chlorophenyl ether; b.p. 108-110® at 15 mm., = 1.132, nff =*= 1.5388; this prod, 
on reflux. 10 min. gives by Claisen rearr. (89% yield (146)) 2-chloro-6-allylphenol, b.p. 
61-^® at 1 mm., = 1.5447.] 

(C with POCla refluxed for 8-11 hrs., POCls distd. off, and crude product saponified 
yields (117) (o-chlorophenyl) phosphoric acid, m.p. 105-106® cor. — For condens. of 

0 with triphenylphosphine oxide and use of prod, as seed disinfectant see (118); for use 
of G in prepn. of triaryl phosphates (119) or of mixed triaryl thiophosphates (120) and use 
as plasticizers see indie, refs. — C with PCI5 pves on htg. (22) o-dichlorobenzene (3:6055).] 
[C with malic acid (1:0450) + cone. H 2 S 04 /oife (121) to give the expected von Pech- 
mann synthesis of 8-chlorocoumarin; however, C with a-substituted acetoacetic esters + 
P 2 O 6 condenses to corresp. chromones; e.g., C with ethyl a-methylacetoacetate (1 : 1712) + 
P 2 O 6 gives (27% yield (122)) 8-chloro-2,3-dimethylchromone [Beil. XVIIi-(177)], pale 
yel. ndls. from dil. ale., m.p. 108®; for further examples see (123). — C (as sodium salt) 
4* diethyl fumarate (1:3761) refluxed in xylene yields (124) diethyl «-(o-chlorophenoxy)- 
fumarate which on subsequent hydrolysis to the acid, ring closure with cone. H2SO4, and 
decarboxylation gives 8-chlorochromone, colorless ndls., m.p. 114-115® (124).] 

C with AICI 3 evolves HCl and yields (125) CI.C 6 H 4 .O.AICI 2 , insol. CS 2 , but sol. in ale. 
and hydrolyzed by aq., m.p. 207-210® (125). — Cm 50% ale. with satd. soln. of PkOH 
in 50% ale. yields (126) a mol. cpd., C.PkOH, pale yel. ndls., m.p. 81-82® (126). 

® FeCls color reaction: C in aq. soln. with very dil. FeCls gives violet coloration; G in 
ale. with very dilute aq. FeCla gives greenish-blue. 

o-Chlorophenyl acetate: oil, b.p, 103® cor. at 15 mm., - 1.2166 (18). [From 

G with AC 2 O (4 pts.) 4- NaOAc (1 pt.) boiled for 10 min. (18).] 

o-Chlorophenyl benzoate [Beil. DC-llT]: oil, b.p. 314-316® (?) (127), 212-213® at 

745 mm. (127), 155-157® at 3 mm. (127). [From C + benzoyl chloride 4- aq. NaOH 
(127) (for study of rate see (129)).] [Note also that C + BzCl -f AICI 3 in acetylene 
tetrachloride yields (128) the Fries rearr. prods, to be expected from o-chlorophenyl 
benzoate, viz., 3-chloro-4-hydroxybenzophcnone, cryst. from ale. or CeHe, m.p. 180- 
181® (128), and 3-chloro-2-hydroxybenzophenone, pale yel. cryst. from ale., m.p. 
92.5-93® (128).] 

(0 o-Chlorophenyl m-nitrobenzoate: pr. from Igr., m.p. 98® (18). [From C with m- 
nitrobenzoyl chloride on shaking with 10% aq. NaOH at 35-50® (18).] 

o-Chlorophenyl ^-nitrobenzoate: ndls. from 85% ale., m.p. 114.5-114.8®. [From 

G 4" p-nitrobenzoyl chloride in pyridine (unpublished work).] 

o-Chlorophenyl 3,5-dinitrobenzoate : ndls. from 85% ale., m.p. 143.1-143.4®. [From 

G 4 - 3,5-dinitrobenzoyl chloride in pyridine (unpublished work).] 

o-Chlorophenyl benzenesulfonate: unrecorded. 

€>-Chlorophenyl p-toluenesulfonate: m.p. 74® (4). 

o-Chlorophenyl benzyl ether: oil, b.p. 138-140® at 3 mm. (130). [From G (as 

Na salt) 4 - benzyl chloride but in very poor yield (7.5% (130)) ; note that the products 
elsewhere (131) (132) seem to be questionable.] 

o-Chlorophenyl ^-nitrobenzyl ether: m.p. 100® (133). [From C (as Na salt) with 

p-nitrobenzyl bromide refluxed in aq. ale. (133).] 

® o-Chlorophenyl 2,4-dinitrophenyl ether: greenish-yel. ndls. from ale., m.p. 99® (134). 
[From G in equiv. amt. aq. NaOH refluxed with ale. 2,4-dinitrochlorobenzene (134). — 
Note that the m.p. of 75-76® reported earlier (135) for this compd. is identical with 
that given later (134) for the corresp. deriv. of m-chlorophenol (3:0255).] 

® o-Chlorophenoxyacetic acid (3:4375): m.p. 145-146® (136) (137), 143-145® (138); 
Neut. Eq. 186.5. [From G in aq. NaOH (2 equivs.) with chloroacetic acid (1 equiv.) 
refluxed for 1 hr., then acidified (138) cf. (136) (137).] 
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® o-Chlorophenyl iST- (phenyl)carbainate: ciyst. from CeHs, m.p. 120-121® (139). 

[From C + phenyl isocyanate in dry ether (139).] 

(9 o-Chlorophenyl iV-(p-iodophenyl)carbamate: m.p. 166-157® <147). [From C + 
p-iodobenzazide in hot Igr. (147).] 

® o-Chlorophenyl A^-(p-bromophenyl)carbainate: pr. from EtOAc, m.p. 141-143® cor. 

(140). [From C + p-bromobenzazide in Igr. (140).] 

® o-Chlorophenyl Af-(m-nitrophenyl)carbamate: m.p. 114® u.c., 116® cor. (148). [From 
C + ?yi-nitrobenzazide (148) or ?»-nitrophenyl isocyanate (148) in Igr. (148).] 

® o-Chlorophenyl iV-(p-nitrophenyl)carbamate: ndls. from Igr., m.p. 143® cor. (141). 
[From C + p-nitrobenzazide in Igr. (141).] — [Note that corresp. deriv. of m-chloro- 
phenol (3:0255) has m.p. 144® cor. (141).] 

® o-Chlorophenyl iY-(3,6-dinitrophenyl)carba2nate: pi. from CeHe, m.p. 182-183® 
(142). [From C + 3,5-dinitrobenzazide htd. in dry toluene (142).] 

® o-Chlorophenyl .^-(3,6-dmitro-4-methylphenyl)carbamate: yel. pi. from Igr. or 
EtOAc, m.p. 175-176®, u.c., 180-181® cor. (143). [From C + 3,5-dinitro-4-methyl- 
benzazide in Igr. (143).] 

® o-Chlorophenyl N-(a-naphthyl)carbamate: cr 5 rst. from Igr., m.p. 120® (144). [From 
C 4- a-naphthyl isocyanate in Igr. (144).] 

® o-Chlorophenyl Af- (/3-naphthyl) carbamate: pi. from Igr., m.p. 133-134® u.c., 136- 
137® cor. (145). (From C + /3-naphthyl isocyanate (or azide) in Igr. (145).] 

o-Chlorophenyl iV,Af-diphenylcarbamate: unreported. 
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3 : 6986 l,3-DICHLOROPROPANOL-2 

(/3,/3'-Dichloroisopropyl alcohol; 

CH2CI CJI,OCl2 

BeU. I - 364 

H-C— OH 

1 

Ii-(185) 

glycerol a,a'-dichlorohydrin; 

l2-(383) 

“ a-dichlorohydrin ”) 

CHjCl 


B.P. 




176.8-176.3' 

* at 765 mm. 

(i> 

nf = 1.369 (2) (6) 

ng = 1.4797 

(2) 

176° 

at 760 mm. 

(2) (6) 




176.1° 

at 760 mm. 

(3) 


ng* = 1.4837 

(45) 

176.6-176° 

at 733 mm. 

(4) 




174,3° 

at 760 mm. 

<5) 

Di^ = 1.3506 (9) 

n}?® = 1.48025 

(9) 

93-93.6° 

at 40 mm. 

(2) <6) 




86° 

at 32 mm. 

(7) 




76° 

at 12 mm. 

(8> 




76-73° 

at 14 mm. (10) 




69° 

at 12 mm. (45) 





Note: Because of the great magnitude of the literature of C only the most important 
citations can be included here; for much additional data prior to 1930, the appropriate 
volume of Beilstein should also be consulted. 

C dis. at 19° in 9 pts. aq.; at 72° in 6 pts. aq.; misc. with ether. [For recovery of C from 
aq. solns. by extraction with immiscible solvents (12) (13) (14) or by steam distillation 
(12) (15) see indie, refs.] 

[For prepn. of C from glycerol (1:6540) by actn. of HCl gas at 100-110° (yield: 87% 
(11), 82% (6), 55-57% (10)) (12) see indie, refs.; for prepn. of C from 3-chloro-l ,2-epoxy- 
propane (epichlorohydrin) (3:5358) with fumg. HCl (yield 80% (11)) (16) (17) (1) (18), 
with MgCL in dil. ale. at 125° (19), or wnth S2CI2 (67% yield (40)) see indie, refs.; for formn. 
of C (together with other prods.) from glycerol (1:6540) with SOCI2 + pyridine see (20); 
from corresp. acetate (3:6318) by alcoholysis with MeOH + HCl see (21) (45); from 
Qf,a'-dichloroacetone (3:0563) reductn. with yeast see (22).] 

C with aq. alk. rapidly loses HCl giving 3-chloro-l ,2-epoxypropane (epichlorohydrin) 
(3:5358) (yield: 90% (6), 80-90% (23), 76-81% (24-B), 67-72% (24-A), 85% (25), 79% 
(26)). 

C on oxidn. with Na2Cr207 + H2SO4 gives (68-75% yield (27)) a,a'-dichloroacetone 
(3:0563). [Cveroxidn. of this prod, or C on oxidn. with cone. HNOs (28) gives chloro- 
acetic acid (3:1370).] 
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[C on reduotn. with Na/Hg in moist ether gives various products including allyl ale. 
(1:0145), isopropyl ale. (1:6135), propylene together with epichlorohydrin (for refs, see 
^il. 1-364) ; C htd. with HI + P in s.t. at 180® gives (29) isopropyl iodide.] 

[For behavior of C with NaSH yielding 1,3-dithioglycerol (Hg deriv. m.p. 185®, Pb deriv. 
m.p. 175-180® dec.) see (41).] 

C on htg. with P2O6 (31) or POCI3 (11) (30) yields 1,3-dichIoropropene-l (3:5280). 

C on htg. with excess EtOH -j- NaOH yields (by a series of definite intermediate stages 
(25)) (6) l,3-diethoxypropanol-2 (glycerol a, 7-diethyl ether) b.p. 108-111® at 60 mm., 
DJ* « 0.953, nu ~ 1.420 (19) (6); similarly C on htg. with excess phenol + aq. NaOH 
as specified (19) gives 80% yield l,3-diphenoxypropanol-2 (glycerol a,7-diphenyl ether), 
cryst. from ale., m.p. 80-81® (19). 

/3,/3'-Dichloroisopropyl acetate: b.p. 205® (see 3:6318). 

/3,/3'-Dichloroisopropyl benzoatej b.p. 296® si. dec. (42); 171-173® at 19 mm. (43), 

157-160® at 12 mm. (44). [From C -f benzoyl chloride on htg. (42) or with pyridine 
(44).] 

® -Dichloroisopropyl ^-nitrobenzoate: m.p. 69-60® (32), 58-59° (33). [From C + 
p-nitrobenzoyl chloride with pyridine (94% yield) (33) or with quinoline in CHCls 
(100% yield) (32).] 

® /9,/9^-I)ichloroisopropyl 3,5-dinitrobenzoate: m.p. 129° (32). [From C 4- 3,5-dinitro- 
benzoyl chloride -f quinoline in CHCI 3 in 100% yield (32).] 

® /Sj/S'-Dichloroisopropyl benzenesulfonate: long colorless ndls. from CeHc, m.p. 50® 
(34). [From C + benzenesulfonyl chloride -f- cone. aq. NaOH (34); for study of 
pyrolysis see (35).] 

® /9,/9'-Dichloroisopropyl ^-toluenesulfonate: m.p. 52-53° (36). [Prom C + p-toluene- 
sulfonyl chloride with cone. aq. NaOH (36).] [I'or use in prepn. of vat dyes of di- 
benzanthrone series see (37).] 

® /3,/3'-Dichloroisopropyl.^-(phenyl)carbamate: m.p. 73-74° (20) (38), 73° (39). [From 
C with phenyl isocyanate (20) (39); also indirectly from C by conv. to corresp. chloro- 
formate and reacting with aq. aniline (38).] [This prod. htd. a few min. with cone, 
aq. KOH loses HCl and ring-closes aim. quant, to 6-chloromethyl-3-phenyloxazoli- 
done-2, pr. from hot ale., m.p. 104-105® (39).] 

® /9,/9'-Dichloroisopropyl JV-(a-naphthyl)carbamate: m.p. 115° (38). [Prepd. indirectly 
from C by conv. to corresp. chloroformate and reacting with aq. aniline (38).] [This 
prod, with cone. aq. alk. loses HCl and ring-closes to 5-chloromethyl-3-(af-naphthyl)- 
oxazolidone-2, m.p. 118® (38).] 

® /3,/S'-Dichloroi80propyl i^-(/3-naphthyl)carbamate: m.p. 101® (38). [Prepd. indirectly 

• from C by conv. to corresp. chloroformate and reacting with aq. aniline (38).] [This 
prod, with cone. aq. alk. loses HCl and ring-closes to 5-chloromethyl-3-(/3-naphthyl)- 
oxazolidone-2, m.p. 107® (38).] 

8:5985 (1) Markownikow, Ann. 208 , 352-359 (1881). (2) Gibson, J. Soc. Chem. Ind. 50 , 949- 
964; 970-975 (1931). (3) Lecat, Rec. trav. chim. 45 , 622 (1926). (4) Gilchrist, Purves, J. Chem. 

Soc. 127 , 2743 (1925). (5) TornSe, Ber. 21 , 1285 (1888). (6) Fairbourne, Gibson, Stephens, 
J. Soc. Chem. Ind. 49 , 1021-1023; 1069-1070 (1930). (7) Timmerman, BuU. soc. chim. Bdg. 39 , 
69 (1921). (8) Brash, J. Soc. Chem. Ind. 40 , 481T (1927). (9) Posner, Rohde, Ber. 42 , 3240 
(1909). (10) Conant, Quayle, Org. Syntheses, CoU. Vol. 1 (2nd ed.), 292-294 (1941); (1st. ed.) 

286-288 (1932); 2 , 29-31 (1922). 

(11) Hill, Fischer, J. Am. Chem. Soc. 44 , 2580-2588 (1922). (12) Britton, Heindel (to Dow 
Chem. Co.), U.S. 2,144,612, Jan. 24, 1939; Cent. 1929 , II 525; C.A. 83 , 2914 (1939). (13) Britton, 
Slagh (to Dow Chem. Co.). U.S. 2,198,600, April 30, 1940; C.A. 34 , 5860 (1940). (14) Britton, 
Slagh (to Dow Chem. Co.). U.S. 2,279,509, AprU 14, 1942; C.A. 36 , 5188 (1942). (15) I.G., 
French 844.376, July 24, 1939; Cent. 1989 , II 4589; C.A. 84 , 7297 (1940). (16) Reboul, Ann. 
Supjd. 1 , 224-226 (1861). (17) Httbner, MttUer, Ann. 159 , 176 (1871). (18) Smith, Z. phyeik. 



789 


LIQUIDS WITH > 1.16 


3:6986 


Chan. 81, 356-357 (1912); 9S, 737-738 (1917). (19) Delaby, Ann. chitn. (9) 28, 67-68 (1923). 
(20) Carr6, Mauclere, BuU. aoc. chim. (4) 49, 1151-1162 (1931); Campt. rend. 199, 1667-1669 
(1931). 

(21) Delaby, Dubois, Bull. aoc. chim. (4) 47, 673 (1930). (22) Sen, Barat, J. Indian Chem. 

Soc. 2, 79-81 (1925). (23) Braun, J. Am. Chem. Soc. 64, 1248-1260 (1932). (24ii) Braun, Org, 
Syntheses, Coll. Vol. 9 (Ist ed.) 256-268 (1943); 16, 30-32 (1936). (24B) Clarke. Hartmann, 
Org. Syntheses, CoU. Vol. 1 (1st ed.) 228-229 (1932); 8, 47-49 (1923). (26) Fairbourne. Gibson, 
Stephens, J. Chem. Soc. 19^, 1965-1972. (26) Drozilov, Cherntsov, J. Gen. Chem. iU.S.S.R.) 

4, 1305-1309 (1936) ; Cent. 1936, I 4549. (27) Conant, Quayle, Org. Syntheses, CoU. Vol. 1 
(2nd ed.) 211-213 (1943); (1st ed.) 206-208 (1932); 9, 13-15 (1922). (28) Aschan, Ber. 98, 
1831 (1890). (29) Tornoe, Ber. 94, 2672 (1891). (30) Bert, Dorier, BuU. soc. chim. (4) 39, 
1573-1575 (1926). 

(31) Hartenstein, J. prakt. Chem. (2) 7, 310-312 (1873). (32) Fairbourne, Foster, J. Chem. 
Soc. 1996, 3150-3151. (33) Conant, Quayle, /. Am. Chem. Soc. 45, 2771-2772 (1923). (34) 
Fdldi, Ber. 53, 1838-1839 (1920). (35) Foldi, Ber. 60, 659-660 (1927). (36) Blanchard. BuU. 
soc. chim. (4) 41, 832 (1927). (37) Luttringhaus, Nawiasky, Ehrhardt (to I.G.), Ger. 451,122, 
Oct. 21, 1927; Cent. 1998, I 261. (38) Otto, J. prakt. Chem. (2) 44, 20 (1891). (39) Johnson. 
Langley. Am. Chem. J. 44, 357 (1910). (40) MaUnovskii, /. Gen. Chem. (U.S.S.R.) 9, 832-839 
(1939) ;C. A. 34, 375 (1940). 

(41) Rheinboldt, Tetsch, Ber. 70, 677-678 (1937). (42) Guth, Z. Biol. 44, 99; Beil. IX-112. 
(43) Fritsch, Ber. 94. 777 (1891). (44) Sabalitschka, Jeglinski, Arch. Pharm. 969, 241 (1931). 

(45) SjOberg. Svensk Kern. T%d. 53. 454-457 (1941): Cent. 1949 II 25: C.A. 37, 4363 (1943). 



CHAPTER XIV 


DIVISION B. LIQUIDS WITH BOILING POINTS REPORTED 
AT ORDINARY PRESSURE 

Section 1. Df greater than 1.1600 

(3:6000-3:6499) 

3:6000 n-PROPYL DICHLOROACETATE 051180202 BeU. U - 204 

n-CsH7.0.C0.CHCl2 Hi— 

n2-(196) 

B.P. 176.7-177“ at 771 nun. (1) Df = 1.3006 (4> nf,® = 1.4360 (4) 

176.0-176.6“ (2) Dl" = 1.3340 (5) = 1.4398 (5) 

176“ <3> 

[For prepn. (70% yield (3)) from anhydrous chloral (3:5210) m n-propyl ale. by treat- 
ment with 1.2 moles powdered KCN see (3); for prepn. (59% yield (4)) from cyclopropane 
-h dichloroacetic ac. (3:6208) + BFa sec (4).] 

3:6000 <1) Schiff, Z. phyaik Chem. 1, 379 (1887) (2) Cheng, Z, physik. Chem B-24, 307 (1934). 

(3) Chattaway, Irving, J. Chem, Soc, 1929, 1042. (4) Dorris, Sowa, J, Am. Chem. Soc. 60, 368 

(1938). <5) Schjanberg. Z. phya%k. Chem. A-172. 229 (1935). 

3:6010 7-CHLORO-n-PROPYL CHLOROFORMATE C4H6O2CI2 Beil. S.N. 199 

(y-Chloro-n-propyl chlorocarbonate) CH2 CH2 0112.0.00 01 

Cl 

B.P. 177“ (1) = 1.3946 (1) nf? = 1.4456 (1) 

175-176“ at 736 mm. (2) 

Colorless liq. ; insol. in aq. toward which it is relatively stable. 

[For prepn. of 0 from 3-chloropropanol-l (trimethylene chlorohydrin) (3:8285) with 
phosgene (3:5000) in 80% yield see (1) (2).] 

C in quinoline begins to decompose into 1,3-dichloropropane (trimethylene (di) chloride) 
(3:5450) + CO2 even at 35® (3) (for discussion see (4)). 

C with primary arom. amines reacts as an acyl chloride yielding the corresp. 7-chloro-n- 
propyl AT-arylcarbamates [e.g., 0 with p-aminobenzenearsonic acid (arsanilic acid) gi ''es 
(92% 3rield (5)) 7-chloro-n-propyl yV^-(p-arsonophenyl)carbamate, m.p. 245-246° (5) cf. 
(6); for analogous reactions of 0 with o-aminobenzencarsonic acid (5) (6), o-toluidine-5- 
arsonic acid (5), p-phenetidine (1), p-aminobenzoic acid (1), o-chloroaniline (1), or p- 
chloroaniline (1) see indie, refs.]; for simpler cases see below. 

<0 7-Chloro-n-propyl carbamate: cryst. from hot aq., m.p. 62° (2). [From 0 slowly 
added to 10% aq. NH4OH (2 moles) (violent reactn. and cooling is required), yield 
71% (2).] 
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® 7-Chloro-n-propyl allophanate (ClCH2CH2CH2OCO.NH.CO.NH2): cryst. from hot 
ale., m.p. 166° <2). (From C with urea (2 moles) fused for 3 hrs. (76% yield (2)).] 

7-Chloro-n-propyl N-phenylcarbamate: pr. from ale., m.p. 38° (2), 35-36° (1). 

[From C with aniline (2 moles) both diluted with dry ether (3 vols.) slowly mixed in 
flask surrounded by ice water, ether evaporated and prod, distilled, b.p. 160-170° 
at 5 mm. (2); this prod, in ale. on addn. of 1 N aq. NaOH ring-closes with loss of HCl 
giving (84% yield (2)) (1) 3-phenyl-tetrahydro-2-keto-l,3-oxazine, m.p. 96° <2), 
94.0-94.5° <1).] 

® 7-Chloro-n-propyl iV-(o-tolyl)carbamate: ndls. from ale., m.p. 49° (2), 46.0-46.5° (1). 
[From C with o-toluidine in dry ether as for preceding case (69% yield (2)); this prod, 
in ale. on addn. of 1 N aq. NaOH ring-closes with loss of HCl giving (60% yield (2)) 
<1) 3-(o-tolyl)-tetrahydro-2-keto-l,3-oxazine, m.p. 89° (1), 87.0-87.5° (2).l 

7-Chloro-n-propyl N-(p-tolyl) carbamate: oil, b.p. 188° at 4.5 mm., Dfo = 1186, 

n}) = 1.494 (1). [This prod, with ale. KOH (1 mole) refluxed 2 hrs. ring-closes with 
loss of HCl giving <1) 3-(p-tolyl)-tetrahydro-2-keto-l,3-dioxazine, m.p. 127.5-128° <1).] 
® 7-Chloro-n-propyl N-(£K-naphthyl)carbamate: ndls. from ether and Igr., m.p. 75.5- 
76.5° (1). [From C with a-naphthylamine (2 moles) in aq. suspension (90% yield 
<!)); this prod, with ale. KOH (1 mole) refluxed 2 hrs. ring-closes with loss of HCl 
giving 3-(a-naphthyl)-tetrahydro-2-keto-l,3-dioxa2ine, m.p. 149.5-150.5° (1).] 

® 7-Chloro-n-propyl N'-anilinocarbamate (7-chloro-n-propyl N-phenylcarbazate) : cryst. 
from CeHe, m.p. 72° (7). [From C with phenylhydrazine (1 mole) in aqueous pyridine 
(62% yield (7)).l 

3:6010 ( 1 ) Pierce, Adams, J. Am. Chem. Soc. 46, 791-794 (1923). (2) Dox, Yoder, J. Am. Chem. 

Soc. 45, 725-726 (1923). (3) Carr6, Passedouet, Compt. rend. 201, 899 (1935). (4) Carr6, 

Passedouet, Bull. soc. chtm. (5) 3, 1073-1082 (1936). (5) Rodewald, Adams, J Am. Chem. Soc. 

45, 3102-3105 (1923). (6) Adams, Rodewald (to Abl'ott Laboratories), Brit. 256,971, Aug. 26. 

1926, Cent. 1927, I 1744; C.A. 21, 2908 (1927)* Can. 254.983, Oct. 27, 1925; Cent. 1927, I 1744; 

C.A. 20, 424 (1926). (7) Dox, J. Am. Chem. Soc. 48, 1952 (1926). 


3 : 6036 /3,/3'-DICHLORODIETHYL ETHER C4H8OCI2 BeU. I — 


{bis- 03-Chloroethyl ) ether ; 

CICH2CH2V 

Il- 

chlorex ”) 

ClCHsCHo^ 

ls- (335) 

B.P. 177-178° cor. (1) M.P. 

-34.5° (2) Df = 1.3095 (3) 


176° at 744 mm. (2) 

_20 

Hd 

= 1.467 (1) 

80-83° at 20-22 mm. (3) 

iJi8 = 1.313 (1) 



70° at 16 mm. <2} 

66° at 12 mm. (2) 

Colorless oil with pleasant ethereal odor. — [For data on surface tension and parachor 
see <4); for vapor-press, data see (5).] 

[For prepn. from ethylene chlorohydrin (3:5552) see (1); for use in prepn. of di-(j8-chloro- 
ethyl) sulfate see (12).] [Note that C forms with ethylene chlorohydrin (3:5552) a const.- 
boilg. mixt., b.p. 128.2°, contg. 8.2 mole % C (15).] 

The halogen atoms of C are very unreactive to most reagents; C is extremely resistant 
to hydrolysis, gives no Friedel-Crafts reaction with CeHe 4- Aids, no reaction with KCN, 
and is unaffected by NaOH -f AS2O3 (2). 

C on htg. with solid KOH yields (6) (7) (9) (3) divinyl ether (1 : 7800) (accompanied 
by some /8-chloroethyl vinyl ether (3:7464) q.v.), but C on htg. with dimethylaniline or 
quinoline fails to react at all, even to form quaternary salts (6). 
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C on htg. with excess sodium alcoholates for 3-15 hrs. gives 30-45% yields of the con- 
responding liquid bis ethers <8); C in ale. refluxed overnight with an excess of Na phenolates 
yields corresponding bis ethers (9); e.g., C with Na a-naphtholate gives 52% yield bis 
Ii8(oe-naphthoxy)ethyll ether, m.p. 87® <9); C with Na j8-naphtholate gives 56% yield 6i8- 
[/8-05-naphthoxy)ethyl] ether, m.p. 122® (9). 

C on htg. with aniline (3 moles) for 2 hrs. at 200® gives (65% yield (9)) 4-phenylmorpho- 
line, white flakes from 50% ale., m.p. 57-58® (1). [The crude prod, may also cont. bis- 
03-anilinoethy]) ether, pi. from ale., m.p. 115.5® (9).] [For similar prepn. (77% yield <9)) 
of N-(;>-tolyl)morpholine, m.p. 51® <8); N-(a-naphthyl)morpholine (68% yield (9)), 
m.p. 83® (8); N-03-naphthyl) morpholine (72% yield <9)), m.p. 90® <8), see (8) <9).l [For 
corr^p. reaction of C with phenylhydrazine, p-*phenylenediainine, and benzidine see (10); 
with ethylenediamine see (11).] 

/9,/3'-5is-(a£-Naphthoxy)diethyl ether: m.p. 87® (16). [From C + a-naphthol 

(1 : 1500) 4- aq. NaOH in s.t. at 120® for 8 hrs. (16).] 

/3, /S' -6w-(/3-Naphthoxy) diethyl ether: m.p. 122® (16). [From C + /S-naphthol 

(1 : 1540) + aq. NaOH in s.t. at 120® for 8 lurs. (16).] 

(P 6fS>09-Phthalimidoethyl) ether [Beil. XXI-470]: from C on refluxing 3 hrs. with 
phthalimide + K 2 CO 3 (13) or from C -f K phthalimide (2 moles) 4- trace of diethyla- 
mine on htg. 4 hrs. at 135-140® (55% 3 deld) (9), cryst. from ale. (14), ndls. from 50% 
AcOH (13), m.p. 159® (9), 1.57® (13), 156.5® (14). [The half reaction prod., i8-chloro-/3'- 
phthalimidodicthyl ether, ndls. from It. pet., m.p. 72® (13), 69° (9), may be sepd. 
from the above bis-ether by its much greater solubility in pet. eth. (13).] 

3 : 60)85 (1) Kamm, Waldo, J. Am. Chem. Soc. 43 , 2223-2227 (1921). (2) Gibson, Johnson, 
J. Chem. Soc. 1930 , 2625-2530. (3) Gulyaeva, Dauguleva, Caoutchouc and Rubber {U.S.S.R.) 
1937 , No. 1, 49-52, Cent. 1937 , II 558; C.A. 33 , 3756 (1938). (4) Gallaugher, Hibbert, J. Am. 
Chem. Soc. 59 , 2515 (1937). (5) Gallaugher, Hibbert, J. Am. Chem. Soc. 59 , 2523 (1037). (6) 

Ruigh, Major, J. Am. Chem. Soc. 53 , 2662-2271 (1931). (7) Lott, Smith, Christiansen, J. Am. 

Pharm. Assoc. 26 , 203-208 (1937). (8) Cretcher, Pittenger, J. Am. Chem. Soc. 47 , 163-166 

(1925). (9) Cretcher, Koch, Pittenger, J. Am. Chem. Soc. 47 , 1173-1177 (1925) (10) Axe, 

Freeman, J. Am, Chem. Soc. 56 , 478^79 (1934). 

( 11 ) Hultquist, Northey, J. Am. Chem. Soc. 62 , 447-448 (1940). (12) Suter, Evans, J. Am. 

Chem. Soc. 60 , 536-537 (1938). (13) Baldwin, Robinson, J. Chem. Soc. 1934 , 1266. (14) 

Gabriel, Ber. 38 , 3413 (1905). (15) Snyder, Gilbert, Ind. Eng. Chem. 34 , 1619-1521 (1942). 

(16) Dahlen, Black, Foohey (to du Pont Co.), U.S. 1,979,144, Oct. 30, 1934; Cent. 1935 , 1 3061; 
[C.A. 29 , 177 (1936)]. 


3:6035 l,l,2,3.TETRACHLOROPROPANE H C 8 H 4 CI 4 

CICH 2 — <!>-CHC1^ 

ii 

BJ». 179-180" cor. at 766.6 mm. (1) 1>}| = 1.682 (1) 

179' <3) 


Bea. I - 107 

Ii- 
I2 


[For prepn. of C from 1,2,3-trichloropropane (3:5840) *f SbCls at 150-190® see (2); 
from 1,1,2-trichloropropane (3:5630) -f CI 2 -f Aids see (3); from 1,3-dichloropropene-l 
(3:6280) + CI 2 see (4); from 3,3-dichloropropene-l (3:5140) + CI 2 see (1); from ordinary 
1,2-dichloroethylene (3:5030) with CH 2 CI 2 (3:6020) + AlCla at 40® for 8 hrs. (24% yield) 
see (5).] 

3:6935 (1) Romburgh, BuU. soc. chim. (2) 86 , 553-557 (1881). (2) Herzfelder, Ber. 26 , 2435 
(1893). (3) Mouneyrat, BuU. soc. chim. (3) 21 , 621-623 (1899). (4) Hartenstein, J. prakt. 
Chem. (2) 7 , 312-313 (1873). (5) Lehmann, Bayer (to I.G.), Ger. 716,069, Dec. 16, 1941; Cent. 
1342, 1 2584; C.A. 38 , 2051 (1944). 
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3 : 6050 14»8,3-T£TRACHL0R0PR0PAN0N£-2 CaH20Cl4 
(sym.-Tetrachloroacetone) CI2CH— O— CHCla 

h 

B.P. 180-182® cor. at 718 mm. <1) 

179-181® (3) 

[5ee o/so 1,1,1, 3-te<rac/ttoropropanone-2 iun8ym.~tetrachhroacet(me) (3:6085).] 

Colorless liq. with penetrating odor; produces blisters on skin. — Eas. sol. cold aq., ale., 
ether, CeHa- 

C with aq. readily yields a crystn. tetrahydrate, m.p. 48-49® (1) (6), 48® (2), 47-48® 
(3) (4) (for crystallographic data see (2), for polymorphism see (5)); this tetrahydrate 
loses its aq. on distn., on stdg. over H2SO4, or by actn. of dry HCl gas. 

[For prepn. of C from phloroglucinol (1 : 1620) via conversion in AcOH with CI2 to 1,1,- 
3,3,6,6-hexachloro-2,4,6-triketocyclohexane (“ hexachloropWoroglucinol ”) [Beil. VII-854, 
VIIi- (469)1, and treatment of latter with water (yield is almost quant.) (dichloroacetic 
acid (3:6208) is also formed) see (6); from 2,4,6-triaminophenol [Beil. XIII-569, XIIIi- 
(211)] (2), from chloroanilic acid (3:4970) (1) (7), from 3,3,5-tnchlorocyclopentanetrione- 

l, 2,4 [Beil. VII-862] (4), or from 2,2,5-trichlorocyclopentanedione-3,4-ol-l-carboxylic 
acid-1 [Beil. X-985] <4) by oxidn. with KCIO3 -f HCl (other by-products are also formed 
and yield is low, e.g., 7% (7)) see indie, refs.; for formn. of C from isopropyl ale. (1:6135) 
with CI2 <8), from chloroacetone (3:5425) with CI2 at 50-70° in light (9), or from 1,1- 
dibromo-3,3-dichloropropanone-2 [Beil. 1-658] with ale. HgCU in s.t. at 100® for several 
hours (3) see indie, refs.] 

[C (as tetrahydrate) on reduction with Zn -f H2SO4 yields (1) acetone (1:5400); C on 
reduction with Al(OEt)3, Mg(OEt)2, or EtOMgCl yields (10) l,l,3,3-tetrachloropropanol-2 
(3-^9037).] 

C with satd. aq. NaHSOa readily yields a NaHSOs cpd. (3). 

C with aq. alk. does not (3) yield chloroform; C with alk. •+■ aniline does not (3) give 
phenylisocyanide (carbylamine test). [Dif. from the isomeric Mnspm.-tetrachloroacetone 
(3:^6085).] 

C in abs. ether with dry NH3 gas adds 1 NH3 giving (92% yield (2)) 1,1,3,3-tetrachloro- 
2-aminopropanol-2 [Beil. 1-656], ndls. from CeHe, m.p. 110-111" dec. with prev. sublima- 
tion; this prod, is eas. sol. in cold aq. but on warming the soln. dissociates into its com- 
ponents. — [The action of C with aq. NH4OH or with aniline has not been clarified cf. <3).] 

[C with excess cone. aq. HCN warmed at 50-60® soon dissolves and after 12 hrs. warming 
(2) ppts. |8,/9,/3',/8'-tetrachloro-a-hydroxyisobutyronitrile [Beil. III-318], cryst. from CeHe, 

m. p. 112-114® (2); this prod, with ACOH/H2SO4 as directed (2) yields the corresp. 
tetrachloro-«-hydroxyisobutyramide, cryst. from CeHe, m.p. 156° (2).] 

C with PCle on htg. gives (2) mainly 1,1,2,2,3,3-hexachloropropane (3:6525) accom- 
panied by some 1,1,2,3,3-pentachloropropene-l (3:6075). 

[C with diazotized aniline (4 moles) in pres, of NaOAc yields (11) dichloro-6is-(benzene- 
azo)methane, yel.-or. cryst. from hot ale., m.p. 81-82° (11); C with diazotized p-toluidine 
(4 moles) in pres, of NaOAc yields (11) dichloro-6w-(p-tolueneazo)methane, orange cryst. 
from CeHe, m.p. 159-160® (11).] [These prods, are also similarly obtd. (11) from unsym.- 
dichloroacetone (3:6085).] 

® 4-(Benzeneazo)-l-phenylpyrazole [Beil. XXV-535]: golden-yel. Ifts. from dil. ale. or 
Igr., ndls. from AcOH, m.p. 126-127® cor. (2), 126® (6). [From C in abs. ale. (2) or 
AcOH (6) with excess phenylhydrazine, refluxed for 5 min.] 


Beil. I - 656 

11- (346) 

12 — 
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8:6050 (1) Levy, Jedlicka, Ann. 849 , 89-95 (1888). (2) Levy, Curchod, Ann. 858 , 330-349 

(1889). (3) Clo6z, Ann. chim. (6) 9 , 182-186 (1886). (4) Hantzsch, Ber. 81 , 2438 (1888). 

(5) Schaum, Schalling, Klausing, Ann. 411 , 192 (1916). (6) Zincke, Kegel, Ber. 88 , 1467-1477; 
1478-1482 (1889). (7) Levy, Witte, Ann. 854 , 86-88 (1889). (8) Buc (to Standard OU Co.), 

US. 1,391,757, Sept. 27, 1921; Cent. 1988 , IV 942. (9) I.G., French 816,956, Aug. 21, 1937; 

Cent. 1938 , I 2216. (10) Meerwein, von Bock, Kirschnick, Lenz, Migge, J. prakt. Chem. (2) 

147 , 212, 225 (1936). 

(11) Favrel, Bull. soc. chim. (5) 1 , 988-989 (1934). 
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o-DICHLOROBENZENE Cl 

C6H4CI2 BeU. V - 

201 





vi-dii) 




[1 

V2-(153) 

B.P. 



F.P. 



180.3° 

at 760 mm. 

(1) 

-16.7° (1) 

= 1.8965 (3) 


180.3° 

at 760 mm. 

(2) 

-17.1° (2) (11) 

1.8934 (13) 


180.8° 

at 767.4 mm. 

(1) 

-17.5° (10) 

n|>® = 1.5486 

(2) 




(12) (15) 

1.5476 

(13) 

179-181° at 766 mm. 

(3) 


ng = 1.5518 

(1) 

179.9-180.6° 

(4) 

-17.6° (10) 

= 1.3048 (12) 


179.5-180.5° 

(5) 

-18° (8a) 

1.899 (14) 


179.5° 

at 746.2 mm. 

(1) 


nl? = 1.5513 

(2) 

178.7- 

179.5° 

(6) 


1.549 

(14) 

179° 

cor. 

(7) 


nU = 1.5538 

(10) 

178° 

at 762.6 mm. 

(8) 


1.5584 

(12) 

178° 

at 768 mm. (8a) 


Ol* = 1.3104 (12) 


86° 

at 18 mm. 

(8) 


1.3085 (14) 


85° 

at 16 mm. 

(9) 


nif = 1.55893 

(14) 

65.8° 

at 14 mm. (10) 


= 1.3088 (1) 



Dll = 1.3118 (1) 


C when pure is colorless oil, volatile with steam. — Ord. comml. C conts. also the isomeric 
p-dichlorobenzene (3^0980), even as much as 25% (16); and a comml. prod, sold as in- 
secticide conts. 40% C 4- 30% p-dichlorobenzene (3:0980) -f 30% trichlorobenzene (17). 

[For f.p./compn. data and_ diagram of system C 4- p-dichlorobenzme (3:0980) (eutectic, 
m.p. -23.4°, contg. 86.7% C) see (10) (11); for f.p./compn. data and diagram of system 
C 4- m-^ichlorobemene (3:5960) (eutectic, m.p. —45 9°, contg. 48.7% C) see (11); for 
f.p./compn. data on ternary system of all three dichlorobenzenes see (10).] 

[For data on densities of solns. of C in CeHe (1:6400) and in n-hexane (1:8530) see (18); 
for data on Dio and w?? on system C 4- diethylbenzene (and use of the mixt. in testing 
fractionating columns) see (19).] 

[C is very spar. sol. aq. (for study of this soly. over range 20-60° see (20).] 

[For study and use of C as cleaner for metals see (21); for use as solvent for fats and 
oils (16) and for detn. of oils in seeds (by use of density of resultant extract (22) see indie, 
refs.; for use for removal of tar or pitch from surfaces coated with cellulose esters see (23); 
for use as solv. in purification of anthraquinone see (24); for study of toxicity of C see (25).] 
[For prepn. of C from o-chloroaniline [Beil. XII-597, XIIi-(297)] via diazotization and 
use of CU2CI2 reactn. (yields: 70% (26), 25% (27)) (1) (8) (28) see indie, refs.; from 0- 
phenylenediamine [Beil. XIII-6, XIIIi-(5)] via tetrazotization in AcOH with nitrosyl- 
sulfuric acid followed by use of CU2CI2 reactn. (70.1% yield) see (29); from 1,2-dichloro- 
benzenesulfonic acid-4 (see below) by distn. from strong H2SO4 with superheated steam at 
200-240° see (30).] 
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[For formn. of C from 2-chlofophcnol (3:5980) by htg. with PCU (20% yield) see (7); 
from o-bromonitrobenzene [Beil. V-247, Vi-(131)] with PCls in s.t. at 180® (31) or with 
NH 4 CI in s.t. at 320° (32) see indie, refs.; from o-dinitrobenzene [Beil. V-267, Vi-(135)] 
with cone. HCl in s.t. at 250-270° see (33).l 
[For formn. of C (together with m- and p-isomers in some cases) from CeHe with CI 2 in 
pres, of I 2 (7), AICI 3 (34) (36), or SnCL (36) see indie, refs.; from chlorobenzene (3:7903) 
with CI 2 + cat. at 600° ( 11 ) cf. (37) or with CI 2 in pres, of Al/Hg (38), Aids (gives 30% 
C (ID) (34), FeCla (gives 39% C (11)), or with AI 2 S 2 CI 8 (i.e., 2 AICI 3 -1- S 2 CI 2 ) + SO 2 CI 2 
( 8 a) see indie, refs.] 

[C with CI 2 in pres, of Al/Hg (38) or FeCla (39) (40) (41) gives mainly 1,2,4-trichloro- 
benzene (3:6420), but 1,2,3-trichlorobenzene (3:0990) is also formed (41). — C with CI 2 
in s.t. at room temp, in sunlight as directed (42) adds 3 CI 2 3 rielding o-dichlorobenzene- 
hexachloride, m.p. 149° (42).] — [For study of photochem. chlorination of C see (43).] 

[C with Mg in dry ether does not react (44).] — [C with CO + cat. at elev. temps, gives 

(45) benzoic acid, presumably through intermediate formn. of o-phthalic acid and subse- 
quent loss of CO 2 .] 

[C with isopropyl ale. (1:6135) + BF 3 + P 2 O 5 under reflux gives ( 53 % yield (87)) 

3.4- dichlorocumenc (3,4-dichloro-isopropylbenzene) (87).] 

[C with CH 3 CI (3:7005) -f ^CU yields (30) hexamethylbenzene (1:7265) + eso- 
trichloromesitylene (3:8725). — C (3+ moles) with CHCI 3 (1 mole) -f AICI 3 without 
solv. at 55° for 8 hrs. gives (15% yield on the CHCI 3 (46>) <ns- (3 ,4-dichlorophenyl)methane, 
white pi., m.p. 160.5-162° (46). — C with CCI 4 *f AICI 3 presumably 3 delds 3, 4,3^4'- 
tetrachlorobenzophenone dicliloride (not isolated) since the reaction prod, with 95 % ale. 

(46) or ACOH/H 2 SO 4 (47) gives 3,4,3^,4^-tetrachlorobenzophenone, cryst. from hot ale. or 
hot acetone, m.p. 141-142° (46), 142° (47) (accomiianied m latter case (H 2 SO 4 ) by some 

3.4- dichlorobenzoic acid (3:4925), m.p 203° (47).] 

[C with acetyl Cl (3:7065) 4- AICI 3 gives (yields: 70% (49), 40% (48)) 3,4-dichloro- 
acetophenone, b.p. 135° at 12 mm. (48), m.p. 76° (48), 74° (49) (corresp. oxime, m.p. 107° 
(50)). — C with chloroacetyl chloride (3:5235) -f AICI 3 gives (50) ( 86 ) 3,4-dichloro- 
phenacyl chloride (3,4,a>-trichloroacetophenone), m.p. 43° (50), 44° (85). — C with 
chloro-w-butyric acid (3:0035) + AICI 3 or cone. H 2 SO 4 yields (51) by condens. and subse- 
quent ring closure a mixt. of a:,y-dichloro-3-methylindanone-l cpds.] 

[C with phthalic anhydride (1:0725) -f- AICI 3 gives (yields: 80% (5), 73% (52) ( 53 ), 
36% (54)) (55) o-(3,4-dichlorobcnzoyl)benzoic acid, m.p. 194.5° cor. (54), 192.5° (5), 
191.2° cor. (52), 190° (55); this prod, on ring closure with cone. H 2 SO 4 gives a mixt. of 
two dichloroanthraquinones consisting of 87% (54) (5) 2,3-dichloroanthraquinone [Beil. 
VIIi- (413)1, m.p. 271° cor. (54), 268° (5), and 13% (54) (5) 1,2-dichloroanthraquinone 
[Beil. VIIi-(411)], m.p. 196.5° cor. (54), 194.5° (5). Note that C reacts with phthalic 
anhydride much more readily than p-dichlorobenzene (3:0980); after making reactn. 
mixt. alk. any p-dichlorobenzene (as from use of crude C) may be distilled out with steam 
(use in sepn. of p-diclilorobenzeno from C ( 86 )); note also the claim ( 86 ) that under certain 
conditions C with phthalic anhydride -f AICI 3 is claimed to replace 1 chlorine atom by 
hydrogen so that an o-(x-chlorobenzoyl)benzoic acid results which on ring closure with 
100 % H2SO4 gives 80% yield 2 -chloroanthraquinone (3:4922). — C with 4,5-dichloro- 
phthalic anhydride (3:4830) + AICI 3 gives (80% yield (56)) 2-(3,4-dichlorobenzoyl)4,5- 
dichlorobenzoic acid, cryst. from CeHs, m.p. 183° (56); this prod, with cone. H2SO4 ring- 
closes giving mainly 2,3,6,7-tetrachloroanthraquinone, m.p. 348° ( 66 ), accompanied by 
a little 1,2,6,7-tetrachloroanthraquinone, m.p. 242° ( 66 ).] 

[C on partial hydrol. with aq. MeOH alk., alk. carbonates, or best alk. earths in pres, of 
Cu or Cu salts at elevated temps, under press, gives in exceUent yields (57) (58) (59) (60) 
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(61 > (62) (63) (64) (65) (>-chlorophenol (3:5980) (some phenol (1 : 1420) is also formed (62)); 
if the hydrolysis of C is carried further, especially by use of aq. alk. in pres, of Ba or Sr 
salts and a reducing agt. ( 66 ), p 3 rrocatechol (1:1520) is obtd. cf. (59) (61) (64).J — [For 
study of kinetics of reactn. of C with NaOMe/MeOH at 175® see (67) ( 68 ) (69).) 

[C with anhyd. NH 3 in ale. in pres, of CuCl 2 H- Cu at 200 ® under press, yields (70) o- 
chloroaniline; C with cone. aq. NH 4 OH in pres, of CuO under press, at 150-200® (71) (72) 
or with Na in liq. NH 3 (73) gives o-phenylenediamine.] — [C with K diphenylamine gives 
by rearr. on htg. (74) (75) iV,iV,iV^',iV’'-tetraphenyl-? 7 i-phenylenediamine [Beil. XlII-42], 
m.p. 137.5-138® (74) (75).] 

[C on mononitration, e.g., at 0 ° with a mixt. of HNO 3 {D = 1.52) + cone. H2SO4 (75) 
cf. (15) (4), gives (yields: 95% (15), 67% (75)) (7) ( 8 ) (76) mainly l,2-dichloro-4-nitro- 
benzene [Beil. V-246, Vi-(131)], cryst. from ale., m.p. 43® (7) ( 8 ), 42.5® (4) (reactn. prod, 
with piperidine is 2-chloro-4-nitropiperidinobenzcne, m.p. 47-^8® (78)), accompanied by 
a little (5.2% at —30®, 7.2% at 0® ( 8 )) l,2-dichloro-4,5-dinitrobenzene (see below).] — 
[The only other possible mononitro-isomer, viz., l, 2 -dichloro- 3 -nitrobenzene [Beil. V-245, 
Vi-(130)J, m.p. 61°, has been ohtd. only by indirect means (77) (76) although prob. present 
(4) in the oil from the main mononitration product.] 

[C on dinitration, e.g., with 4 wt. pts. HNO 3 {D — 1.52) + 6 wt. pts. cone. H 2 SO 4 at 
100 ® for 1 hr. (79) (28) cf. (80) (or the above l,2-dichloro-4-mtrobenzene with HNOs 
(/> * 1.5) 4 - fumg. H 2 SO 4 ( 20 % SO 3 ) 2 hrs. at 100 ® (78)), gives l,2-dichloro-4,5-dinitrb- 
benzene [Beil. V-265], cryst. from dil. AcOH, m.p. 109-110® (78), 110® (28) (79) (reactn. 
prod, with piperidine is l,2-dichloro-4-nitro-5-piperidinobenzene, m.p. 62-64® (78)), ac- 
companied (28) by a little l,2-dichloro-3,5-dinitrol^nzene [Beil. Vi-(138)], m.p. 56® (28).] — 
[All the other possible isomeric o-dichlorodinitro cpds. are known but have been obtd. 
only by indirect means: l,2-dicliloro-3,4-dinitrobenzene [Beil. V-264], m.p. 53-55®, 1,2- 
dichloro-3,6-dmitrobenzene, m.p. 60°, and l,2-dichloro-4, 6 -dinitrobenzene, m.p. 56°.] 
[None of the four possible l,2-dichloro-trinitrobenzene8 appears to have been reported.] 
[C on monosulfonation, e.g., with fumg. H 2 SO 4 in s.t. at 210® for 8 hrs. (7), or at room 
temp. (30), or at 100 ® ( 10 ), or with H 2 SO 4 .H 2 O + fumg. H 2 SO 4 (60% SO 3 ) in pres, of Hg 
at 100° for 1 hr. (81), gives mainly 1,2-dichlorobenzenesulfonic acid-4 [Beil. XI-55, XIi-(16)l 
(Na salt less sol. aq. (81)) accompanied by a lesser amt. of 1,2-dichlorobenzenesulfonic 
acid-3 (Na salt more sol. aq. (81)) (some 5t«-(dichlorophenyl) sulfone, m.p. 173° (30), may 
also be formed during sulfonation).] — [C sulfonates much more readily than p-dichloro- 
benzene (3:0980); for use in sepn. see (7) (30); for removal of chlorobenzene from mixt. 
with dichlorobenzenes via sulfonation of former with 95% H 2 SO 4 see ( 11 ).] 

(p l, 2 -Diclilorobeiizenesulfona 3 nide -4 (3,4-dichlorobenzenesulfonamide-l) : cryst. from 
dil. ale., m.p. 134-135° u.c. (83). [From C by treatment as directed (83) with ClSOsH 
followed by conv. of the intermediate l, 2 -dichloroben 2 enesulfonyl chloride-4, m.p. 
18-19® (83), with (NH 4 ) 2 C 08 to the desired sulfonamide.] — [For formn. of 3,4-di- 
chlorobenzenesulfonyl chloride with OlSOsH and use in sepn. of C from p-dichloro- 
benzene see (82); for prepn. of the sulfonamide and use as plasticizer see (84).] 

8:6656 (l) Carswell. Ind. Eng. Chem. 20, 728 (1928). (2) Hurdis, Smyth, J. Am. Chem. Soc. 64, 
2213 (1942). (3) Groves, Sugden, J. Chem. Soc. 1637, 1783. (4) Ruhoff, J. Am. Chem. Soc. 55, 

3470-3471 (1933). (5) Groggins, Newton, Ind. Eng. Chem. 26, 1030-1033 (1933). (6) Dadieu, 
Pongratz, Kohlrausch, Monatah. 61, 431 (1932). (7) Beilstein, Kurbatow, Ann. 176, 40-43 
(1875); 182, 94-95 (1876). (8) HoUeman, Reiding, Rec. trav. chim. 23, 358-359, 370-379 (1904). 
(8a) Silberrad, J. Chem. Soc. 121, 1019 (1922). (9) Bergmann, Engel, Sandor, Z. phyaik. Chem. 
B-16, 117 (1930). (10) HoUeman, van der Linden, Rec. trav. chim. 30. 315-334 (1911). 

( 11 ) Wibaut, van de Lande, Wallagh, Rec. trav. chim. 56, 65-70 (1937). (12) Narbutt, Ber. 52, 
1030-1031, 1034 (1919). (13) PhUip, J. Chem. Soc. 101, 1868 (1912). (14) von Auwers, Ann. 

422, 164, 168 <1921). (15) McMaster, MagiU, J. Am. Chem. Soc. 50, 3038-3041 (1928). (16) 
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(21) Groggins, Scholl, Ind. Eng. Chem. 19, 1029-1030 (1927). (22) Schwarz, OH A Fat In- 
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mann, Ber. 32, 1914-1915 (1899). (28) Holleman, Rec. trav. chim. 39, 446, 460-462 (1920). 

(29) Hodgson, Walker, J. Chem. Soc. 1935, 530. (30) Fiiedel, Crafts, Ann. chxm. (6) 10, 413- 
424 (1887). 

(31) Schmidt, Wagner, Ann. 387, 164-165 (1911). (32) Schmidt, Ladner, Ber. 37, 4403-4404 
(1904). (33) Lobry do Bruyn, van Leent, Rec. trav. chim. 16, 86 (1896). (34) Mouneyrat, 
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(63) Bertsch (to Monsanto Chem. Co.), U.S. 1,966,281, July 10, 1934; Cent. 1986, I 959; C.A. 
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Co., Ltd., Brit. 204,628, Oct. 26, 1923; Cenl. 1926, II 1228. (87) Vermillion. Hill, /. Am. Chem. 
Soc. 67, 2209 (1946). 



3:6060 


DIVISION B, SECTION 1 


798 


3 : 6060 d,l-2,3-DICHLOROPROPANOL-l 

(Glycerol a,j8-dichlorohydrin; 

** /jHdichlorohydrin aUyl 
alcohol dichloride) 


CH 2 CI 
H— i— Cl 
<!;hsOh 


CiH,KX3« 


Bdl. I - 356 
l2*(370) 


B.P. 188° at 760 mm. (1) 

182° (2) (3) (8) 

179-181° si. dec. {4) 

79-80.S° at 18 mm. (4) 
81-81.5° at 13.6 mm. <5> 
75-77° at 16 mm. <6) 


= 1.3634 (5) 

= 1.346 (4> ng - 1.4876 (4) 


Colorless vise, liq.; spar. sol. cold aq., pet. ether; misc. with ale., ether, acetone, CeHe. 
[For prepn. of C from glycerol (1 :6540) (together with other prods.) see (1); for prepn. 
from allyl alcohol (1:6145) with CI2 + aq. (2) <7) <8) (5) (20% yield) or with CI2 in CS2 
(40% yield (9)) see indie, refs.; from allyl clilqride (3:7035) by addition of HOCl see (10) 
(11) (12); from the corresp. acetate (/9,7-dichloro-n-propyl acetate) (3:6220) by alcoholysis 
using MeOH + HCl (33% yield (4)) (6); from vinyl chloride (3:7004) by reactn. with 
formaldehyde (30% soln.) -f HCl + CaCl2 see (13).] 

C with aq. alk. loses HCl yielding (14) 3-chloro-l, 2-epoxypropane (epichlorohydrin) 
(3:5358). [For studies of kinetics of this loss of HCl with aq. alk. see (15); for use of 
Ba(OH)2 hydrol. as means of detn. of C in pres, of l,3-dichloropropanol-2 (“ a-dichloro- 
hydrin **) (3:5985) see (16).] 

C with sodium phenolate does not give the expected 2,3-diphenoxypropanol-l but instead 
(4) (presumably by intermediate formation of epichlorohydrin (3:5358)) the isomeric 

1.3- diphenoxypropanol-2, [Beil. VI-149, VIi-(86)], m.p. 79° (4). 

C on oxidn. with cone. HNO3 (D = 1.47) yields (12) (17) (6) (18) a,/3-dichloropropionic 
acid (3:0855), m.p. 50°. [C on reductn. with P -f- HI at 180° yields (8) isopropyl iodide 
-f isopropyl chloride.] 

[C with SOCI2 at 100° gives (85% yield (19)) bis-(/3,7-dichloro-n-propyl) sulfite, b.p. 
175° at 4 mm., = 1.501, = 1.509 (19); C with SO2CI2 gives (75% yield (19)) 

2.3- dichloropropane-sulfonyl chloride-1, b.p. 122-123° at 15 mm., Dg®’® = 1.582, nr? = 
1.457 (19).] 

[C with pels yields (7) 1,2,3-triohloropropane (3:5840);C with NaCN gives (20) (pre- 
sumably by formation and subsequent reaction of epichlorohydrin) 25% yield 7-chloro-/3- 
hydroxy-n-butyronitrile; for reactn. of C with NH3 see (21); for reactn. of C with Na2S, 
NaSH, etc., yielding thioglycerols see (22).] 

/3,7-Dichloro-n-propyl acetate: b.p. 192° (see 3:6220). [For general study of 

kinetics of esterification of C see (3).] 

j8,7-Dichloro-n-propyl benzoate: oil, b.p. 180-183° at 24 mm. (4). 

® /3,7-Dichloro-n-propyl ^-nitrobenzoate: m.p. 37-38° (4), 35.5-37° (23). [From 
C + p-nitrobenzoyl chloride + pyridine (23).] 

/9,7-Dichloro-n-propyl 3,6-dinitrobenzoate: unreported. 

/3,7-Dichloro-n-propyl benzenesulfonate: unreported. 

/3,7-Dicliloro-n-propyl ^-toluenesulfonate: unreported. 

® /3,7-Dicliloro-n-propyl N-phenylcarbamate: cryst. from Igr., m.p. 72-73° (24), 73-74° 
(25). [From C + phenyl isocyanate at 90° (24) or indirectly from ^,7-dichloro-n- 
propyl chloroformate with aniline (25).] 

® /3,7-Dichloro-n-propyl N-(a-naphthyl)carbamate; ndls. from ale., m.p. 93° (25). 
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[Prepd. indirectly from i 8 , 7 -dichloro-n-propyl chloroformate with o-naphthylamine 
(26).l 

® ^i 7 “Dichloro-n-propyl iV-(/3-naphthyl)carbamate: Ifts. from ale., m.p. 99 ® (26). 
[Prepd. indirectly from / 3 , 7 -dichloro-nnpropyl chloroformate with iS-naphthylamine 
<25).l 

3:6060 (1) Gibson, J. Soc, Chem. Ind. 50 , 949-954; 970-975 (1931). (2) Tollens, Ann. 156 , 
164-166 (1870). (3) Kailan, Rosenblatt. Monatsh. 68 , 109-170 (1936). (4) Delaby, Dubois, 

Bull. soc. chim. (4) 47 , 572-673 (1930). (5) Read, Hurst, J. Chem. Soc. 121 , 989-999 (1922). 

(6) Bockemuller, Hoffmann, Ann. 519 , 189-190 (1935). (7) Hubner, Mliller, Ann. 150 , 179- 

183 (1871). (8) Tornoe, Ber. 24 , 2672 (1891). (9) King, Pymaii, J Chem. Soc. 105 , 1267 (1914). 

(10) von Gegerfelt, Ann. 154 , 247-249 (1870); Ber. 6 , 720-721 (1873). 

(11) Henry, Ber. 3 , 352 (1870). (12) Henry, Ber. 7 , 414 (1874) (13) I.G., Brit. 466 , 467 , 

May 3, 1937; Cent. 1937 , II 1445; C.A. 31 , 7067; French 812,292, May 4, 1937; Cent. 1937 , II 
1445; C.A. 32 . 952 (1938). (14) Milnder, Tollens, Zett. fdr Chemie 1871 , 252. (15) Smith,. 
Z. physik. Chem. 92 , 739-740 (1917); 93 , 83-85 (1919). (16) Smith, Z. physik. Chem. 95 , 83-88 

(1920). (17) Werigo, Melikoff, Ber. 10 , 1499-1500 (1877). (18) Koelsch, J. Am. Chem. Soc. 

52 , 3365 (1930). (19) Levaillant, Compt. rend. 197 , 335-337 (1933). (20) Braun, J. Am. Chem. 

Soc. 52 , 3170 (1930). 

(21) Lillienfeld, Brit. 390,516, Brit. 390,523, May 4, 1933; French 739,699, Jan. 16, 1933; 
Cenf. 1933 , II 1443. (22) Lillienfeld, Brit. 385,980, Feb. 2, 1933, Cent. 1938 , II 1928; French 

758,359, Jan. 15, 1934; Cent. 1934 , I 3653. (23) Conant, Quayle, J. Am. Chem. Soc. 45 , 2772 
(1923). (24) Johnson, Langley, Am. Chem. J. 44 , 360 (1910). (25) Otto, J. prakt. Chem. (2) 

44 , 21-22 (1891). 


3:6075 1,1,2,3,3-PENTACHLOROPROPENE-l Cl CsHCIb 

Cl2C=i.CHCl2 

B.P. 183° <1) DJ* = 1.6317 <1) 

116® at 9 mm. (1) 

C 4- Br 2 in sunlight gives (1) l,2-dibromo-l,l,2,3,3-pentachloropropane, m.p. 71® (1). 

C with powdered KOH in toluene at 100® yields (1) a prod. CeCls, colorless ndls., m.p. 
93-94® (1). 

C shaken with cone. H 2 SO 4 , poured onto ice, yields 2,3,3-tricliloropropen-2-al-l (a,i6,/3- 
trichloroacrolein) [Beil. Ii-(378)], b.p. 164® (1), m.p. 10® (1). [Oxime, m.p. 101®, converted 
on fusion into stereoisomer, m.p. 132® (1); phenylhydrazone, yel.-br. ndls., m.p. 97-98® 
dec. (1).] 

C with cone. H 2 SO 4 for a longer time at 40-60®, poured onto ice, ppts. (1) a,/3-Hlichloro> 
acrylic ac. (3:2265), m.p. 86° (1). 

3:6075 (1) Prins, /. prakt. Chem. (2) 89 , 419-420 (1914). 


3 : 6085 l,l,l,3-TETRACHLOROPROPANONE-2 C 3 H 2 OCI 4 Beil. I - 656 

(wnsyw.~Tetrachloroacetone ) 


B.P. 183® (1) 

180-182® (2) 

71-72® at 13 mm. (3) 

[See also l,l,3,3-tefroc^Zoropropa7kme-2 (3:6050).] 

Colorless limpid liq.; odor faint by itself but on warming or on dilution with ether shows 




CHit— C— CCls 
1.624 (1) 


11- 

1 2 — 

nj? » 1.497 (1) 


Beil. I - 200 

11- ( 83) 

12 — 

nf? « 1.5313 (1) 
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lachrymatory props. — C with aq. readily yields (1) (2) (3) (4) a crystn. tetrahydrate, m.p. 
46® (1), 39® (2), 65® (3). 

(For prepn. of C from isopropyl ale. (propanol-2) (1:6135) with CI2 in cold see (1); from 
acetone (1:5400) with CI2 see (2) (4) (5); from chloroacetone (3:5425) with CI2 at 50-70® 
in light see (6); from l,l,l-trichloropropanone-2 (3:5620) with SOCI2 at 180® see (3).] 

C reduces NH40H/AgN03, Fehling’s soln., or aq. KMn04 instantly in cold |1) but does 
not give fuchsin-aldehyde test (1). 

C with NH4OH (1) yields chloroform (3:5050) and chloroacetamide [Beil. 11-199, IIi- 
(90), Il2-(193)1, m.p. 110-117®. 

C with aq. KOH yields (1) chloroform (3:5050) together with the salts of both chloro- 
acetic acid (3:1370) and trichloroacetic acid (3:1150). [Dif. from the isomeric s^m.- 
tetrachloroacetone (3:6050).] 

C with aq. KOH + aniline yields (5) phenyl isocyanide (carbylamine reaction). [Dif. 
from the isomeric sym.-tctrachloroacetone (3:6050).] 

3:6085 (1) Brochet, BtUl, soc. chim. (3) 13, 117-120 (1895); Ann. chim. (7) 10, 134-141 (1897); 
Compt. rend. 119, 1271 (1894). (2) Clo6z, Ann. chm. (6) 9, 180-182 (1886). (3) Arndt, Amende, 
Ender, MonaUh. 59, 215 (1932). (4) Bouis, Ann. 64, 316-319 (1848). <5) Bischoff, Ber. 8, 1340- 
1341 (1875). (6) LG.. French 816,956, Aug. 21. 1937; Cent. 1938, 1 2216. 

3:6090 ETHYL <f,f^,/3-DICHLOROPROPIONATE C 8 H 8 O 2 CI 2 BeU. H - 252 

CH2-CH~C00C2H6 Hi- 

ii ii 

B.P. 183-184'’ (1) = 1,3461 (3) = 1.4481S (3) 

183-185° (3) 

76-77° at 16 mm. (2) 

[For prepn. of C from a,i8-dichloropropionic acid (3:0855) with abs. EtOH + dry HCl 
at 0® (74r-78% yield (2)) (1) see indie, refs.; from a,/?-dichloropropionyl chloride (3:9034) 
with EtOH see (4) (3) (5).] 

C is difficult to keep and readily loses HCl (3). — C on htg. with dimethylaniline, 
quinoline, or quinaldine at 100® for 10 min. under N2 loses HCl yielding (4) ethyl o-chloro- 
acrylate (3:9242). 

C with Ba(OH)2 both saponifies and loses HCl yielding (5) (6) a-chloroacrylic acid 
(3:1445), m.p. 65®. 

C reacts easily with ale. KCN, and after boilg. the resulting soln. with KOH yields (7) 
fumaric acid (1:0895) and d, Amalie acid. 

C on boilg. with 20% HCl hydrolyzes (4) yielding EtOH (1:6130) and a,/S-dichloro- 
propionic acid (3:0855) q.v. 

3:6690 (l) Werigo, Melikov, Ber. 10, 1500 (1877). (2) Yarnall, Wallis, J. Org. Chm. 4, 287 
(1939). (3) Briihl, Ann. 203, 25 (1880). |4) Marvel, Dec, Cooke, Cowan, J. Am. Chm. Soc. 
62, 3495“3498 (1940). (5) Werigo, Werner, Ann. 170, 167 (1873). (6) Otto, Beckurts, Ber. 18, 
243 (1885). (7) Werigo. Tanatar, Ann. 174, 367-372 (1874). 
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3; 6100-3 :610d 


3:6100 lA3-TRICHLORO-2-METHyLBUTAN£ CeHgCU Beil. S.N. 10 


Cl Cl Cl 





CH, — (!j — dj — 





i djH* 


B.P. 183-185° 

at 762 mm. (1) 

ulf = 1.25S7 (1) 

n“ - 1.4769 (1) 

73-74° 

at 19 mm. 

U) 


is 

QO 

II II 

66-66.6° 

at 11 mm. 

<2) 

i)l® = 1.2482 (2) 


(For formn. of C from 3-chloro-2-methylbutene-l (3:7300) -f CI 2 + NaHCOa at 0® 
(30% 3 aeld C + 40% 3-chloro-2-(chloromethyl)butene-l (3:9210) + 25% l,3-dichloro-2- 
methylbutene-2 (3:8170) (2)) or from 2-chloro-2-methylbutane (3:7220) or 2,3-dichloro-2< 
methylbutane (3:7975) + CI 2 (1) (together with other prods.) see (1) (2).] 

C on distn. over KOH ^ves <1) l,3-dichloro-2-methylbutene-2 (3:8170) + other prods. 
C with 2 moles quinoline at 185-225® gives (30% yield (1)) l-cldoro-2-methylbutadiene- 
1,3 (3:9200). 

3:6100 (1) Tishchenko, J. Gen. Chem. (U.S.S.R.) 6, 1116-1132 (1936); Cent. 1937, I 673; C.A. 
31, 1003 (1937). (2) Tishchenko, J. Gen. Chem. (U.S.S.R.) 8, 1232-1246 (1938); Cent. 1930, 

II 4222; C.A. 33, 4190 (1939). 


3:6106 CHLOROPUMARYL (DI)CHLORIDE C 4 HO 2 CI 8 

B«ii. n - 745 




Cl— C— CO.Cl 


ni-(303) 




CLOG— C^H 



n2-(640) 

B.P. 








184.5-187.6° 

cor. at 760 mm., 

= 1.6692 

(7) 


« 1.6186 

(7) 


si. dec. ( 1 ) 






184.6° 

at 

760 mm. (2) 

= 1.564 

<8> 

II 

= 1.621 

(8) 

183.6° 

at 730.6 mm. (2) 

1.563 

(4) 


1.6206 

<4) 

142-144° cor. 

at 

210 mm. (1) 






96.0-96.5° 

at 

40 mm. (3) 

= 1.6662 

(4) 

„ 17.6 

« 1.62172 

(4> 

87.0-87.6° 

at 

28 mm. (4) 






73-75° 

at 

20 mm. (5) 






68° 

at 

10 mm. (2) 






66-68° 

at 

13 mm. (6) 







[See also chloromaleyl idi)chloride (3:6158).] 


Pale green oil (2). 

[For prepn. of C from d,Z-tartaric acid (1:0560) or (less advantageously) d-tartaric acid 
(1:0525) with PCls (large excess) at 100° (yield from d,^tartaric acid 80% (1), from d- 
tartaric acid 48% <9)) (10) (11) (12) (3) see indie, refs, (note that care must be taken to 
ensure removal of all traces of phosphorus chlorides (9)); from acetylenedicarboxylic 
acid [Beil. II-^Ol, Hi- (31 7), Il2-(670)] with PCls in AcCl in s.t. shaken at room temp, for 
45 hre. (yield not stated (6)) or with PClj directly (41% yield (5)) see indie, refs.] 

[For formn. of C to small extent from chloromaleyl (di)chloride (3:6168) on protracted 
boilg. see (2); for formn. of C from succinyl (di)chloride (3:6200) during actn. of CI 2 see 
(13); for formn. of C (as an inseparable mixt. with BzCl) from dibenzoyl-d-tartaric an- 
hydride with PCls see (14).] 
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(C with CI2 in pres, of Fe gives (16) dichloromaleyl (di)chloride (3:6197) q.v. — C with 
Brs in dark does not react, but in direct sunlight for 5 hrs. adds 82% of theoretical amt. 
yielding (2) a-chloro-a,/8-dibromo8uccinyl (di)chloride, b.p. 116-118® at 10 mm. (2), which 
on hydrolysis with aq. gives (2) a-chloro-a,/3-dibromosuccinic acid, hydrated pr. from HCl, 
m.p. 65-75®, which after drying over cone. H 2 SO 4 gives anhydrous form, m.p. 139-140® (2).] 

(C with 3 N EtOH/KOH (large excess) in freezing mixt. loses HCl and hydrolyzes (or 
vice versa) and after acidification as directed ^ves K H acetylenedicarboxylate which with 
aq. at 100® for 1 hr. loses CO2 giving (39% yield from C (12)) propiolic acid [Beil. 11-477, 
IIrj:208), Il2-(449).] 

[C with MeOH under reflux yields (13) dimethyl chlorofumarate (3:6582); C with 
EtOH yields (1) (9) (15) diethyl chlorofumarate (3:6864); note that C reacts with MeOH 
or with aniline much more rapidly than the isomeric chloromaleyl (di)chloride (3:6158) 
(for details and graphs see (2)).] 

C (1 mole) with chlorofumaric acid (3:4853) (1 mole) at 125® for 1 hr. gives (11) chloro- 
maleic anhydride (3:0280), m.p. 33®. 

[C with AICI3 combines yielding a viscous oil, solidifying in freezing mixt. to yel. cryst., 
m.p. about 50®; this prod, with water regenerates C but if first htd. at 100° for several hrs. 
and then treated with aq. gives (85-87% yield (2)) (3) chloromaleyl (di)chloride (3:6158).] 

C with excess cone. aq. NH4OH reacts vigorously yielding (1) (11) chlorofumaric acid 
diamide, ndLs. from ale., m.p. 187® (11). 

[C in aq. AcOH (1:4) with hydrazine hydrate as directed gives hydrazine salt of N,N~bis 
(a-chloro-/9-carboxyacryloyl)hydrazine (?), m.p. 218® (9); note that C with NH2.NH2.H2O 
in ether, pet. eth., or AcOH gives only (9) resinous or amorphous yel. prods.) 

C (1 mole) with p-chloroaniline (4 moles) in dry ether reacts vigorously giving mainly 
(11) chlorofumaro-di-p-cliloroanilide, pale yel. ndls. from ale., m.p. 223® (11), accompanied 
by a little iV-(p-chlorophenyl)chloromaleimide, pi. from ale. mother liquor, m.p. 175® (11). 

C on hydrolysis with aq. yields chlorofumaric acid (3:4853), m.p. 193®. 

3:6105 (1) Perkin, J. Chem. Soc. 63, 695-697. 700 (1888). (2) Ott, Ann. 392, 268-259, 263-264, 

278-286 (1912). (3) Dann, Davies, Hambly, Paul, Semmens, J. Chem. Soc, 1933, 15-21. (4) 

von Auwers, Schmidt, Ber. 46, 481 (1913). (5) Huggli, Helv. Chim. Acta 3, 569 (1920). (6) 

IDiels. Thiele, Ber. 71, 1174-1175 (1938). (7) Gladstone, J. Chem. Soc, 59, 293 (1891). (8) 

von Auwers, Harres, Ber. 62, 1679 (1929). (9) Ruggli, Hartmann, Helv. Chim. Acta 3, 

612-614 (1920). (10) Perkin, Duppa, Ann 116, 105-107 (1860). 

( 11 ) Chattaway, Parkes, J. Chem. Soc. 126, 466-468 (1924). (12) Ingold, J. Chem. Soc. 127, 

1202-1203 (1925). (13) Kauder, J. prakt. Chem. (2) 31, 24-38 (1886). (14) Zetsche, Hubacher, 

Hdv. Chim. Acta 9, 292-293 (1926). (15) Claus, Ann. 191, 80-93 (1878). (16) Vandevelde, 

Butt. acad. roy. Belg. (3) 37, 680-700 (1899); Cent. 1900, 1 404. 


:6110 DICHLOROACETALDEHYDE C 6 H 12 O 2 CI 2 

BeU. I - 614 

DIETHYLACETAL 


Cl2.CH.CH(OCsH,)s 

Ii-(388) 

(“ Dichloroacetal ” 

) 


l2-(677) 

B.P. 186-186® 

0) 

D}: - 1.1383 (6) 


183-184® 

(2) 



182-184® 

(3) 

. 


181-184® 

(4) 




178-181® at 760 mm. (5) 

6&-71® at 12 mm. (5) 

C undergoes si. decompn. on stdg. or distn. — [For use as insecticide see (7) (8).] 

[For prepn. of C from acetaldehyde diethylacetal (1:0156) by actn. of CI2 (37% yield 
(5)) see (5) (17); from ethyl alcohol (1:6130) by actn. of CI2 (yield 75% (1), 40% (10), 
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3:6110-3:6195 


0% (5)) see (1) (10) (5) (6) (11); from a,/3,/9-trichlorodiethyl ether 4- Zn (78% yield (4)), 
or abs. ale. (3), or NaOEt (12), or even water (3); from a,/3,/9,/9-tetrachlorodiethyl ether 
with Zn + abs. ale. (13).] 

C on warming with eone. H2SO4 (14) (2) or on htg. at 150® with cone. HCl (16) or on htg. 
with benzoie anhydride + a little eone. H2SO4 gives (yield 81% (1), 78% (10), 71% (16)) 
diehloroaeetaldehyde (3:5180), b.p. 90-91®. 

C on htg. with ale. NaOH at 160-180® yields (17) glyoxal tetraethylaeetal [Beil. 1-760], 
b.p. 180° (17). — C with K ter-butylate loses HCl yielding (5) chloroketene diethylacetal, 
b.p_. 166° at 732-740 mm., D\l = 1.0534, n|f - 1.4375 (5). 

C with PCI 5 yields (15) a,/3,/?-trichlorodiethyl ether [Beil. 1-615]. 

3:6110 ( 1 ) van de Walle, Bull. sac. ch%m. Beig. 36, 308-309 (1914/18). (2) Pinner, Ann. 170, 
33-34 (1875). (3) Oddo, Mameli, Gazz. chtm. ttal. 33, II 412-414 (1903). (4) Neher, Fleece, 
J. AmJfjChem. Soc 48, 2422-2423 (1926). (5) Magnani, McElvain, J. Am. Chem. Soc. 60, 2210- 

2213 (1938). (6) Lieben, Ann. 104, 114-115 (1857). (7) I.G., French 814,435, June 23, 1937; 

Cent. 1937, II 30GG; C.A. 32, 1390 (1938). (8) Ger. 528,194, June 26, 1931, Cent. 1931, II 1910. 

(9) Fiitsch, Ann 279, 300 (1894). (10) Booseken, Tellegen, Plusje, Rec. trav. chim. 67, 75 (1938). 

(11) Chattaway, Backeberg, J. Chem. Soc. 125, 1101 (1924). (12) Jacobsen, Ber. 4, 217 (1871). 

(13) Neher, Foster, J. Am. Chem. Soc. 31, 414 (1909). (14) Paterno, Ann. 149, 373 (1869). 
(15) Krey, Jahresber. 1876, 475. (16) Wohl, Roth. Ber. 40, 217 (1907). (17) Pinner, Bcr. 5, 

148-151 (1872). 


3 : 6195 d,f-a-CHLOROPROPIONIC ACID CsHtOgCl 

(^Chloropropanoie acid) CHa — CH.COOH 

<^1 


BeU. n - 248 
Hi-dlO) 

n 2 -( 226 ) 


B.P. 186“ cor. (1) 

186° <2) 
185.2° at 760 mm. (3) 
185° (4) 

88.6-89.4° at 16 mm. (3) 
83.5-84.5° at 12 mm. (6) 


= 1.2585 <6) 


nf," = 1.4350 (6) 
n{,** = 1.4364 (3) 


Colorless liq. with weak odor suggestive both of acetic acid and butyric acid; misc. with 
aq. ale. or ether; volatile with steam; blisters skin. 

[For prepn. of C from propionic acid (1 : 1025) with CI2 (7) (8) or with SC)2Cl2 -f dibenzoyl 
peroxide in CCI4 (9) see indie, refs.; from a-chloropropionyl chloride (3:5320) by hydrolysis 
(1) (10) (11) (12) with water see indie, refs.; from a-chloropropionitrile by hydrolysis with 
cone. HCl see (5); from 2-chloropropanol-l (3:7917) (4) or from 3-chlorobutanone-2 (ot- 
chloroethyl methyl ketone) (3:7598) (13) (14) by oxidn. with HNO3 or other oxidn. agts. 
see indie, refs.] 

[C on treatment with CI2 as specified (15) yields a,/9-dichloropropionic acid (3:0855); 
C with SOCI2 yields (16) a-chloropropionyl chloride (3:5320), b.p. 111°; C on reduction 
with Zn + HCl yields (10) propionic acid (1:1026) [for study of catalytic hydrogenation 
of C or its salts see (17)]; C with SO3 at 170° yields (18) o-chloro-a-sulfopropionic acid 
[for reactn. of C with sulfites see (2)]; C with cone. aq. NH4OH gives (43-46% yield (19)) 
d,^*alanine (a-aminopropionic acid) [for behavior of C with liq. NH3 see (20) (21)].] 

C on alk. hydrolysis gives (10) (22) lactic acid (1:0400) [for study of rate of hydrolysis 
of C (23) or its so<hum salt (24) see indie, refs.]. 

[C on htg. with pyridine at 100° loses CO2 and yields (25) ethylpyridinium chloride.] 

C on conversion to salt, treatment with KCN, and subsequent acidification yields (26) 
methylmalonic acid, m.p. 132° (has been used for ident. of C (26)). 
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C with o-phenylenediamine in 5 ^ HCl refluxed 3 hrs. gives (yields: 61-64% <35), 
65-60% (36)) 2 (a-chloroethyl)benzimi(kzole, ndls. from hot CeHe, m.p. 134.7-135.4*’ cor. 
(35) 134-135“ cor. (36). 

Methyl a>chloropropionate: b.p. 132“. (See 3:7908.) 

Ethyl a-ehloropropionate: b.p. 147“. (S^ 3:8125.) 

O a-Chloropropionamide: m.p. 80“ (27). [From ethyl o-chloropropionate (3:8125) 
with cone. aq. NH 4 OH (27).] 

(g a-Chloropropion-anilide: Ifts. from Igr., m.p. 92“ (28) (9). [From a-chloropropionyl 
chloride (3:5320) + aniline in CHCI 3 (28).] [Note that the reactn. prod, of this 
compd. with more aniline, viz., o-anilinopropionanilide [Beil. XII-558], has m.p. 126“.] 
® a-Chloropropion 7 p-toluidide: Ifts. from Igr., m.p. 124® (28), 108“ (29). [From o- 
chloropropionyl chloride (3:5320) with 2 moles p-toluidine (28).] [Note that the 
reactn. prod, of this compd. with more p-toluidine, viz., a-(p-toluidino)propion-p- 
toluidide [Beil. XII-9801 has m.p. 158“.] 

PhenyUiydiazine a-chloropropionate: m.p. 95“ (30). [From C + phenylhydrazine 
(30).] 

® a-Phenoxypropionic acid: ndls. from aq., m.p. 115-116“ (31), 115“ (32). [From 
sodium a-chloropropionate sodium phenolate on htg. and evapn. (33).] [Note 
that the opt. act. forms of this deriv. melt at 87“ (32).] 

8:6126 (1) Buchanan, ^Inn. 148, 170 (1868). (2) Backer, von Mels, Rec. trav. ehim, 46, 177- 
194, 363-380 (1930). (3) Burkard, Kahovec, Monatsh. 71, 340 (1938). (4) Henry, Bull. acad. 

toy. Belg. 1903, 397-431; Cent. 1968, II 486. (5) Michael, Ber. 34, 4049->4060 (1901). (6) 
Sohjanberg, Z. phyatk. Chem. A-172, 230 (1935). (7) Bass, Burlew (to Dow Chem. Co.), U.S. 
1,993,713. March 5, 1935; Cent. 1935, II 1257; C.A. 29, 2550 (1935). (8) Bass (to Dow Chem. 
Co.). U.S. 2,010,685, Aug. 6, 1935; Cent. 1936, I 880; C.A. 29, 6608 (1935).^ (9) Kharasch, 
Brown, J. Am. Chem. Soc. 62, 925-929 (1940). (10) Ulrich, Ann. 199, 269-271 (1869). 

(11) Maxzara, Qazz. chim. lial. 12, 261 (1882). (12) Lov6n, J. prakt. Chem. (2) 29, 367 (1884). 
(13) DeSimo, Alien (to Shell Development Co.), U.S. 2,061,470, Aug. 18, 1936; Cent. 1936, II 
3468; C.A. 30, 6764 (1936). (14) N. V. de Bataafsche Petroleum Maatschappij, Brit. 447,876, 
May 27, 1936; French, 797,943, May 6, 1936; Cent. 1936, II 866; C.A. 30, 7124 (1936). ^5) 

R6hm, Haas, Ger. 679,654, June 29. 1933; Cent. 1933, II 1587. (16) Leimu, Ber. 70, 1049 (1937). 

(17) Paal, MttUer-Lobeck, Ber. 64, 2143-2147 (1931). (18) Backer, Mook, Bull. aoc. chim. (4) 
48, 644 (1928). (19) Tobie, Ayres, J. Am. Chem. Soc. 59, 860 (1937). (20) Cheronia, Spitz- 

mueller, J. Org. Chem. 6, 349-375 (1941). 

(21) Sisler, Cheronia, J. Org. Chem. 6, 467-478 (1941). (22) Wichelhaus, Ann. 143, 4-6 
(1^7). (23) Kailan, Kunze, Monatah. 71, 386 (1938). (24) Simpson, J. Am. Chem. Soc. 40, 

678 (1918). (25) von Walther, Weinhagen, J. prakt. Chem. (2) 96, 63-64 (1917). (26) Bloom- 
field, Farmer, J. Chem. Soc. 1932, 2076-2078. (27) Beckurts, Otto, Ber. 9, 1692 (1876). (28) 

Bischoff, Walden, Ann. 279, 80, 92 (1894). (29) Wolffenstein, Rolle, Ber. 41, 736 (1908). (30) 
Stempel, Schaffel, J. Am. Chem. Soc. 64, 470-471 (1942). 

(31) Bischoff, Ber. 38, 925-926 (1900). (32) Fourneau, Sandulesco, Bull. aoc. chim. (4) 31, 
992 (1922). (33) Saarbach, /. prakt. Chem. (2) 21, 162-153 (1880). (34) Vandewijer, Bull, 
aoc. chim. Belg. 45, 256 (1936). (36) Roeder, Day. J. Org. Chem. 6, 31-35 (1941). (36) Skolnik, 
Miller, Day, J. Am. Chem. Soc. 65, 1856 (1943). 
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LIQUIDS WITH > 1.15 


3:6135-3:6150 


3; 6135 n-PROPYL TRICHLOROACETATE C6H702C5U Beil. H - 309 



n-CsHTO.CJO.CCl, 

Hi- 




II2 


B.P. 




186.9-187.1° (1) 

= 1.3221 (6) 

iif>® = 1.4601 

(6) 

186.6-187° at 76S mm <2) 

1.3213 (6) 

1.4607 

(6) 

187° (3) 

Di® =■ 1.3170 (4) 

ni? > 1.4608 

(4) 


117-117.3* at 130 mm. <1) 

69* at 10 mm. (4) 

65.0-65.5* at 6 mm. <5) 

[For prepn. (57% yield (4)) from n-propyl ale. (1:6150) + trichloroacetic ac. (3:1150) 
see (4).] 

[For study of chlorination of C see <4).] 

For study of hydrolysis of C see (5). 

3:6135 (1) Cheng, Z. physik. Chem. B-34, 307 (1934). (2) Schiff, Z. phyaik, Chem. 1, 379 (1887). 
(3) Clermont, Bull. aoc. chim. (2) 40, 302 (1883). (4) Gayler, Waddle, /. Am. Chem. Soc. 63, 

3358—3359 (1942). (S) Palomaa, Salmi, Korte, Ber, 73, 797 (1039). (6) Schjanberg, Z. phyaik, 

Chem. A-173, 229 (1935). 


3 : 6140 ISOBUTYL TRICHLOROACETATE C«H902Cls Beil. H - 209 

(CH8)2CH.CH2.0.C0.CC1« Hi— 

n2— 

B.P. 187-189” (1) = 1.966 (2> nf>® = 1.4466 (2) 

93-94° at 24 mm. <2> = 1.2636 (3) n?? » 1.4483 <3) 

Colorless liq. of agreeable odor (1). 

[For prepn. (82-89% yield (2)) from isobutyl ale. (1 : 6165) + trichloroacetic ac. (3: 1150) 
see <2) {1).I 

[For study of chlorination of C see (2).l 

3:6140 (l) Judson, Ber. 3, 784 (1870). (2) Waddle, Adkins, J. Am. Chem. Soc. 61, 3361-3364 
(1939). (3) Schjanberg, Z. physik. Chem. A-173, 229 (1936). 

3:6150 1,2,3,4-TETRACHL0R0BUTADIENE-1,3 C4H2CI4 Beil. S.N. 12 

(Liquid stereoisomer) HC ==C — C =CH 

ii ii 

B.P. 188° (1) D\l = 1.616 (1) 

67-68° at 10 mm. <1) 

43* at 1 mm. (1) 

[See also the solid stereoisomer (3:0870), m.p. 50*.] 

Colorless strongly refractive liq. with agreeable honey-like odor; on stdg. turns brown and 
evolves HCl. 

[For isolation of C from the high-boilg. fractn. resulting in the preparation of trichloro- 
ethylene (3:5170) from 1,1,2,2-tetrachloroethane (acetylene tetrachloride) (3:5750) see <1); 
for prepn. of C from 1,1,2,3,4,4-hexachlorobutane (3:3155) with ale. KOH at room temp, 
see (1).J. 

C on saturation with CI2 3delds (1) the liquid stereoisomer of 1,1,2,3,4,4-hexachlorobutene* 



3:6150-3:6158 DIVISION B, SECTION 1 806 

2 (3:9046), b.p. 97'’ at 10 mm. <1). [Note that C does not (1) yield octachlorobutane 
(3; 2000).] 

C with Br2 yields l,4-dibromo-l,2,3,4-tetrachlorobutene-2, long colorless doubly re- 
fracting ndls., m.p. 105*" <1). 

C does not react with cone. HNOs, but with fumg. HNO3 or even with NO2 gas C reacts 
vigorously pptg. l,4-dinitro-l,2,3,4-tetrachlorobutene-2, colorless cryst. from AcOH, m.p. 
131® (1). [Note that this prod, cannot be recryst. from ale. since it reacts yielding ethyl 
nitrite and a yel. viscous oil <1).] 

3:6150 (1> MliUer, Htither, Ber. 64, 589-600 (1931); C.A. 25, 3956 (1931). 


3:6158 CHLOROMALEYL (DI)CHLORID£ C4HO2CI3 Beil.XVn— 






XVni-(138) 



„i^ 





\) 



B.P, 


M.P. 



189,3® 

at 760 mm. <1) 

12.7° (1) = 1.602 (3) 

= 1.6126 (3) 

186.3® 

at 760 mm. (1) 

11-12° (2) 



185.2® 

at 730 mm. (1) 

1.6049 {3) 

_18 1 
Hd 

- 1.51362 (3) 

104.0-105® 

at 60 mm. (2) 




82.2-82.5® 

at 26 mm. <3) 

= 1.6044 {3> 

-17 6 
Hd 

= 1.51375 (3) 

71.5® 

at 10 mm. (1) 





[See al9o chUyrofumaryl {di)chloride (3:6105).] 

C is generally formulated in the unsymmetrical structure shown above (for discussion 
see <1) (2)); note, however, that the position of the chlorine atom attached to the carbon 
bearing the double bond is frankly assumed and may be on the other such carbon. 

Note also that C appears to exist also in a labile form, m.p. 4.8® (1), which readily changes 
to the higher-melting (stable) variety; C on supercooling and inoculation with the labile 
form cryst. in the latter. 

C from pet. ether cryst. as needles; C has disagreeable odor (1) and is far more lachryma- 
tory than the isomeric chlorofumaryl (di)chloride (3:6105) (2). 

[For prepn. of C from chlorofumaryl (di)chloride (3:6105) by combination with AICI3, 
htg. at 100® for several hrs., and subsequently decomposing with ice water (yield as high 
as 86-87% but varies according to nature of AICI3 used) sec (1) (2).] 

[C on hydrogenation in dry ether in pres, of Pt black yields (4) n-butyric acid (1 : 1035) 
and other prods.) 

[C with AICI3 gives a cpd., red-brown ndls., m.p. abt. 100® (1); on htg. at 180-225® this 
prod, decomposes yielding <1) a,/3-dichloroacryloyl chloride (see under 3 :2265), b.p. 147.3° 
at 733 mm., phosgene (3 :5000), CO, HCl, and other prods.) 

C on protracted boilg. is converted <1) to chlorofumaryl (di)chloride (3:6105). 

[C reacts with MeOH and with aniline much more slowly than the isomeric chlorofumaryl 
(di)chloride (3:6105) (for details and graphs see <1) cf. (2)).) 

8:6158 ( 1 ) Ott, Ann. 362, 256-265, 278-285 (1912). (2) Dann, Davies, Hambly, Paul, Semmens, 
J. Chem. Soc. 1933, 15-21. (3) von Auwers, Schmidt, Ber. 46, 482 (1913). (4) Ott,, Bcr. 46, 

2173-2175 (1913). 



807 


LIQUIDS WITH I^“ > 1.15 


3:616S 


3:616S a,a-DICHLOROPROPIOiaC ACID Cl CsH40saj 

CHr-l!;— COOH 

ii 


B.P. (186-190'’] (1) (4) (6» 

186-189° (7) 1^2 * = 1.389 <2) 

90-93° at 14 mm. (2) 


Beil, n - 260 

n,- 

n 2 -( 228 ) 


Colorless liq. — Very eas. sol. aq. or ale. ; from aq. solns. can be salted out with NaCl. — 
Volatile with steam without hydrolysis. — Insol. cone. HCl. 

(For prepn. of C from corresp. acid chloride, viz., a,a-dichloropropionyl chloride (3:5372), 
by hydrolysis see (3); from a,a-dichloropropionitrilc monomer [Beil. 11-251] <1) (4) (19), 
a,ce-dichloropropionitrile dimer [Beil. 11-252] (5), or a,a-dichloropropionitrile trimer [Beil. 
XXVI-38] (6) (7) by hydrolysis with H2SO4 sec indie, refs.; from a,a-dichloropropionanilide 
(see below) by hydrolysis with cone. HCl in s.t. at 140° see (2); for formn. of C from propi- 
onic acid with CI2 under certain conditions see (26).] 

C is reduced by Zn + dil. H2SO4 giving (1) propionic acid (1:1025). 

C on keeping gradually sphts off some HCl (2). — C with ale. KOH on boilg. either 
loses HCl giving (8) a-chloroacrylic acid (3:1445) or by some obscure mechanism gives 
(9) cf. (10) (11) /3-ethoxyacrylic acid [Beil. III-369], m.p. 110°. 

C as a monobasic acid forms corresp. salts; c.g., NH4A. (1); KA.6H2O (1); CaA2.3H20 (1); 
BaA.2.H20 ( 1 ); ZnA2.H20 ( 1 ) (12); AgA, spar. sol. aq. (1); note that this dry AgS. at 60° 
decomposes violently giving (12) AgCl and a mixed anhydride of C with p)Tuvic acid, 
viz., CH3.C(Cl2).CO.O.CO.CO.CH3; however, AgA on warming with aq. gives ( 12 ) AgCl + 
pyruvic acid (1:1040) and/or (1) «-chloroacrylic acid (3:1445). 

C with aq. Ag20 or AgiCO^ on protracted htg. gives (13) (12) pyruvic acid (1 : 1040), 
but use of excess Ag20 (14) (1) cf. (15) leads to AcOH (1 : 1010) + CO2 + H2O. — C with 
aq. Ba(OH)2 on boilg. or C with aq. in s.t. at 120-150° gives (14) (16) pyruvic acid (1 : 1040). 

[C with finely divided Ag in Celle on refluxing 40-70 hrs. gives (17) (18) (19) a,a'-di- 
methylmaleic anhydride [Beil. XVII-445], m.p. 95°, and a,a'-dichloro-a,a'-dimethylsuccinic 
acid [Beil. 11-668], m.p. 185°.] 

[C (3 moles) with PCI3 (1 mole) gives (3) (20) a,a-dichloropropionic acid anhydride 
[Beil. 11-251], b.p. 196-200° (20), 190-192° (3). — C (3 moles) with PCI3 (2 moles) (3) or 
with SOCI2 refluxed for 10 hrs. (21) gives a,a-dichloropropionyl chloride (3:5372).] 

C with alcohols m pres, of dry HCl gives (1) the corresp. esters (see also below). 

Methyl a,a-dichloropropionate: b.p. 144-146° (7), 143-144 u.c. (1). [From C 

with MeOH -j- dry HCl (1) (7); for study of kinetics of hydrolysis see (22).] 

Ethyl a,a-dichloropropionate: b.p. 160° (23), 156-157° (1) (6), 83-85° at 53 mm. (2). 

[From C with EtOH -f dry HCl (1) or from a,a-dichloropropionyl chloride (3:5372) 
with EtOH (23); note that this ester with aq. in s.t. at 130° gives (16) (14) undergoes 
hydrolysis yielding pyruvic acid (1 : 1040) and ethyl pyruvate (1 : 3308) or with aq. 
Ag20 gives (15) Ag acetate.] 

(p a,a-Dichloropropionamide: Ifts. from dil. ale., m.p. 117-118° (2) (24), 117° (12), 
116-117° (3), 116° (23) (5) (20), 115-116° (4) (6) (7). [From ethyl a,a-dichloro- 
propionate (above) (3) (23), from methyl a,a-dichloropropionate (above) (7), or from 
a,a-dichloropropionyl chloride (3:5372) (3) with cone. aq. NH4OH.] 
a,a-Dichloropropion-Af-ethylamide: m.p. 51-52° (2). [From C with EtNH2.] 

a,a-Dichloropropionanilide: m.p. 101° (2). [Reported only by indirect means (2).] 

a,a-Dichloropropion-^-toluidide: m.p. 84-86° (25). [Reported only by indirect 

means (25).] 
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8:6168 (1) Beckurts. Otto, Ber. 9 * 1876-1881 (1876). <2) von Braun, Jostee, MOnch, Ann. 468 , 
134-135 (1927). (3) Beckurts, Otto, Ber. 11, 386-391 (1878). (4) Beckurts, Otto, Ber. 9 , 
1593-1694 (1876). (5) Troger, J. prakt. Chem. (2) 46 , 362-363 0892). (6) Beckurts, Otto, 
Ber. 19 , 263-264 (1877). (7) Otto, Voigt, J. prakt. Chem. (2) 36 , 84-85 (1887). <8) Otto, 

Beckurts^, Ber. 18 , 241-242 (1885). (9) Otto, Ber. 88 , 1108-1110 (1890). (10) Claisen, Ber. 81 , 

1020 (1898). 

(11) Tschitschibabin, J. prakt. Chem. (2) 73 , 335 (1906). (12) Beckurts, Otto, Ber. 18 , 228- 
235 (1885). (13) Beckurts, Otto. Ber. 19 , 265-266 (1877). (14) Beckurts, Otto, Ber. 19 , 2037- 
2039 (1877). (15) Klimenko, Ber. 7 , 1405-1406 (1874). (16) KUmenko. Ber. 6, 477 (1872). 

(17) Beckurts, Otto, Ber. 19 , 1503-1504 (1877). (18) Otto, Beckurts, Ber. 18 , 826-830, 836, 847 

(1885). (19) Otto, Holst, J. prakt. Chem. (2) 41 , 461-467 (1890). (20) Otto, Holst, J. prakt. 

Chem. (2) 48 , 78 (1890). 

(21) Leimu, Ber. 76 , 1050 (1937). (22) Burki, Heh. Chim. Acta 1 , 244-245 (1918). (23) 
Kliibenko, Ber. 3 , 466-467 (1870). (24) Otto, Ann. 188 . 183 (1864). (26) Bischoff, Walden, 

Ann. 879 , 93 (1894). (26) Rdhm and Haas, A.G., Ger. 579,654, June 29, 1933; Cent. 1933 II 
1587; [C.A. 88, 1056 (1934)]. 


3 : 6165 l,l,2,3-T£TRACHLORO-2-M£THyLPROPAN£ C 4 H 6 a 4 

CHa 

ClCHr- CHCI 2 


Beil. S.N. 10 


d^i 


B.P. M.P. 

190.6-191.3® cor. (1) -46® (1) « 1.4393 (1) nf? = 1.4963 (1) 


(For formn. of C (together with other products) from ter-butyl chloride (3:7045) or 
from l,3-dichloro-2-methylpropane (3:7960) -f CI 2 see ( 1 ).] 

8:6166 (1) Rogers, NeUon, J. Am. Chem. Soc. 68, 1027-1029 (1936). 


3:6180 /5,/9,/3.TRICHLORO-fer-BUTYL AC£TAT£ C 6 H 9 O 2 CI 3 
(“ Acetone-chloroform " acetate; CHs 

“chloretone” acetate) CCU-i-O-CO.CH, 




IH, 


BJP. 101° <1> 

190-101° < 2 > 

151-152° at 237 mm. (3) 


BeU. n - 131 
Hi- (60) 

Hj— 


Colorless mobile liq. with agreeable odor ( 1 ). Insol. aq.; eas. sol. ale., ether, acetone, 
CHCI3, CsHe (3). — Volatile with steam (3). 

C on boilg. with 3-4 vols. cone. HNOa is rapidly hydrolyzed; after boilg. only a few min. 
addn. of aq. ppts. / 8 ,/ 8 ,/ 8 -trichloro-ter-butyl ale. (3:2662), m.p. 78® (3). |C hydrolyzes only 
very slowly (108 hrs.) on boilg. with aq. alone; in pres, of dil. H 2 SO 4 hydrolysis is more rapid 
(7 hrs.) and /3,/3,|9-trichloro4cr-butyl ale. (chloretone) sublimes into condenser (3).] 

[For prepn. from /8,i9,j9-trichloro*<er-butyl ale. (3:2662) + AcaO (1) or AcaO -j- NaOAc 
(3) see ( 1 ) (3).] 

3:6189 (1) Willgerodt, Dtirr, J. prakt. Chem. (2) 39 , 285 (1889). (2) Taffe, Roczniki Farm. 8 , 
99-107 (1923); Cent. 1984 , II 304. (3) Aldrich. J. Am. Chem. Soc. 37 , 2720-2723 (1915). 
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3:6186 ler-AUn. TRICHLOROACETATE CH| C 7 H 11 O 1 CU BeU. S.N. 160 

CH,.CHj.(i.O.CO.CCU 

(!)H» 

BJ». 191” at 756 mm. (1) = 1.3605 (1) 

106° at 30 mm. (1) 

C on distn. tends to decompose into 2-methylbutene-2 (1:8220) + trichloroacetic acid 
(3:1150) <1). 

[For studies on prepn. from 2-methylbutene-2 (1:8220) 4- trichloroacetic acid (3:1150) 
see (2) (3) <4) <5) (6); for prepn. (84% yield (1)) fromtcr-amyl ale. (1:6160) and trichloro- 
acetic ac. (3:1150) see (1).] 

3:6185 (l) Liston, Dehn, J. Am. Chem. Soc. 60, 1264-1265 (1938). <2) Timofeev, Andreasovi 
J. chim. Ukraine 1, 107—110 (1925); C.A. 20, 2820 (1926). (3) Timofeev, Israilevich, Chaskes* 
J. chim. Ukraine 1, 576-580 (1925); C.A. 20, 2820 (1926). (4) Andreasov, Ukratn. Khem. Zhur- 
8, Sd. pL 209-218 (1928); C.A. 23, 322 (1929); Cent. 1929, I 3084. (5) Andreasov, Ukrain- 
Khem. Zhur. 8, Sci. pt. 467-470 (1928) ; C.A. 23, 3207 (1929) ; Cent. 1929, 1 3084. (6) Andreasov. 
Ukraln. Khem. Zhur. 4, Set. pt. 89-92 (1929) ; C.A. 23, 4439 (1929) ; Cent. 1929, II 2433. 

TRICHLOROMETHYL TRICHLOROACETATE ClsC.COOCCls Beil, m - 17 

mi- 

B.P. 191-192® M.P. 34® = 1.67331 

See 3 : 0290. Division A : Solids, 

3:6195 m-CHLOROANISOLE 
(m-Chlorophenyl 
methyl ether) 

B.P. 

193-194® (1) 

193® <2) 

191-192® at 728 nun. (3) 

Oil. — Volatile with steam (3). — Odor like anisole (5). — Sol. ale., ether. 

[For prepn. of C from wwjhlorophenol (3:0265) by htg. with KOH + Mel in MeOH (1) 
or Me 2 S 04 + alk. (7) see (1) (7); from m-chloroaniline by diazotization and warming with 
MeOH see (2); from m-aminophenyl methyl ether by diazotization and reactn. with CuCl 
see (3).] 

C on nitration with 1 pt. fumg. HNOs (D « 1.52) at —10 to +25® yields (6) a product, 
m.p. 81® (6), which may have been an impure form of the trinitro cpd., 2,4,6-trinitro-3- 
chloroanisole, m.p. 86®, obtd. (61% yield (7)) by use of 5 pts. fumg. HNOs (Z) * 1.51) + 

5 pts. cone. H 2 SO 4 at —15®. [The numerous possible mono- and di-nitration products of 
C cannot be discussed here and, in any case, have not been reported by direct nitration 
of C.l 

[For a study of the reactn. kinetics of the splitting of C in acid soln. see ( 8 ).] 

3:6195 (1) Gattermann, Ann. 357, 349 (1907). (2) Cameron, Am. Chem. J. 26, 238 (1898). 
(3) Reverdin, Eckhard, Ber. 32, 2626 (1899). (4) von Auwers, Z. phyaik. Chem. A-158, 418 
(1932). (5) Holleman, Rec. trav. chim. 37, 104 (1918). 16) Reverdin, Phillip^ Ber. 88, 3776 
(1905) ; BuU. aoc. chim. (3) 83, 1322 (1905). (7) Schlubach, Mergenthaler, Ber. 58, 2734 (1925). 
(8) Ghaswalla, Donnan, J. Chem, Soc, 19M, 1341-1346. 


<( >OCH» 


C 7 H 7 OCI BeU. VI • 185 
VIi-(lOO) 


Dl*® = 1.1769 (4) = 1.63783 <4) 
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3:6197 DICHLOROMALEYL (DI)CHLORIDE Cl C4O2CI4 

Cl— C— CO— Cl and/ Cl— C— 

Cl— i —CO— Cl or Cl— I')— Cl 

X) 

sym, form (A) unsym, form (B) 


Beil, n - 754 
xvni-(138) 


B.P. 


unsym. 


192-194° 

<1) 

(B) = 1.7091 <2) 

1^0 = 1.S1947 {2) 

190° at 743 mm. <2) 

sym. 

86-89° at 

11 mm. (3) 

(A) 1^ = 1.6733 (2) 

= 1.S1673 <2) 


{See oho dtchloroTmleic acid (3:3634) and dichloromaletc anhydride (3:3635).] 


Colorless mobile lachrymatory liq. with penetrating camphoraceous odor but not fumg. 
in moist air. — Insol. aq. but volatile with steam without hydrolysis. — Soluble in org. 
solvents. 

Although C has not been separated into the completely pure desmotropic forms (A) and 
(B), their presence is clearly evidenced (2). The relative proportion of the two forms 
varies with the age of the sample and other conditioas, but the above data on density and 
refraction indicate the extremes so far realized (for much further detail see (2)). 

[For prepn. of ord. C (mixt. of (A) and (B)) from succmyl (di)chloride (3:6200) with 
CI2 at 145® in pres, of Fe (81% yield) see (2) (note that some dichloromaleic anhydride 
(3:3635) is also formed, that in absence of Fe the reactn. is very slow, and that use of I2 
in place of Fe lowers yield of C to 54% (2)); from chlorofumaryl (di)chloride (3:6105) 
with CI2 in pres, of Fe see (1); from dichloromaleic anhydride (3:3635) with PCU see (1); 
from dibromofumaryl (di)chloride [Beil. IIi-(303)] with AICI3 at 100° see (3).] 

Ord. C with 60% of its wt. of AICI3 spontaneously evolves ht.; after further htg. at 100° 
and pouring into aq. the ethereal extract yields (2) a prod, which reacts as substantially 
pure unsym. form (B). 

Ord. C is not affected by ord. treatment with boilg. aq. or boilg. aq. KOH (2), although 
it is attacked by ale. KOH (1). — C on very protracted (168 hrs.) boilg. with aq. slowly 
dissolves giving (2) an acidic soln. which on extraction with ether followed by drying and 
evapn. of this solvent gives (80% yield) dichloromaleic anhydride (3:3635). 

[For study of rate of reactn. of C with MeOH or with aniline see (2).] 

[For condens. of C with 1-aminoanthraquinone in prepn. of dyestuffs see (2) (4).] 

Ord. C (2 g.) in CeHe (150 ml.) treated with 4 moles aniline (3.4 g.) in CeHe (30 ml.) 
immediately ppts. aniline hydrochloride; after stdg. for Yi hr., then removing this ppt., 
the filtrate leaves on evapn. a mixt. (m.p. 165-185°; yield 67-83% (2)) of two different 
dianilides, which can be separated by recrystn. from hot ale.: the dianihde from the eym. 
dichloride (A) is white^ has m.p. 193°, and with ale. KOH is much more slowly hydrolyzed 
than its isomer and during such hydrolysis shows no transient color; the dianilide from the 
uneym. dichloride (B) is yellow, has m.p. 170°, and with hot 8% ale. KOH readily hydrolyzes 
with development of a transient cherry-red coloration. — Note that, although the white 
dianilide is somewhat more readily sol. in hot ale. than the yellow isomer, it also separates 
first on slow cooling; note also that on hydrolysis of the anilides with ale. KOH the presence 
of aniline is readily detected but (presumably because of further attack by the alkali) no 
dichloromaleic acid can be recovered in either case. 


S:6197 (1) Vandevelde, Bvll, acad, roy. Belg. (3) 37, 680-700 (1899); Cent. 1900, I 404. (2) 
Leder, J. prakt. Chem. (2) 130, 255-288 (1931). (3) Ott. Ann. 392, 271 (1912). (4) Leder, 

Qer. 568,248, Sept. 3, 1932; Cent. 1932, II 3789. 
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BeU. n - 613 
ni-(264) 
ll!-(563) 


B.P. M.P. 

103.3° at 760 mm. (1) 80° {7) = 1.3748 (9) = 1.4683 (9) 

190-198° cor. 18.5° (6) 

at 760 mm. (2) 

160-152° cor. 17.7° (9) 2)1*^ = 1.3948 (6) = 1.47348 <6) 

at 214 mm. <2} 

114-116° at 66 mm. {3) 17° (10) 

103-104° at 26 mm. <4) 16-17° <4) 

95° cor. at 20 mm. <5} 

88.8° at 19 mm. (6) 

87-88° at 18 mm. (7) 

95-96° at 16 mm. (19) 

103° at 16 mm. (8) 

78.6° at 11mm. (9) 


Nofyo that C may react in either sj/m. (above) or unsym. form acc. to circumstances. 
[For discussion of structure see (1) (5) (7) (9) (10); in the liquid only the sym. form (C) 
exists (9).] — C is sol. m CeHe, but insol. in pet. ether (7). 

[For prepn. of C from succinic acid (1.0530) with PCls (yield: 85% (8) (12)) (13) (14) 
(4) (5) see indie, refs, (note that neither P(]!l3 4* ZnCk (8) nor SOCI2 (16) give C); for 
prepn. of C from succinic anhydride (1.0710) with PCls (4) (6), with PCI3 -f CI2 (17), or 
with SOCI2 + ZnCh at 200-240° (18) (35) see indic. refs.; for formn. of C from the trimer 
of /8-aldehydopropiomc acid with PCls seti (19).] 

[C with CI2 + Fe at 145° gives (81% yield (20)) dichloromaleyl dichloride (3:6197) 
cf. (21); C with Br2 yields (22) (23) mixt. of and meso-a, a'-dibromosuccinyl dichlorides; 
C with Br2 + Fe yields (24) dibromomaleic anhydride [Beil. XVII-435, XVIIi-(233)], 
m.p. 118°.] 

[C on reduction with Na/Hg AcOH in ether (25) or with H2 + Pd (26) (15) gives 
(54% yield (26)) y-butyrolactonc (1:5070), b.p. 206°.] 

[C witb AICI3 + Celle yields (27) T,T-diphcnyl-7-butyrolactone [Beil. XVII-367], m.p. 
90° (arising from rcactn. of C in the unsym. form), 1,2-dibenzoyle thane [Beil. VII-773, 
Vni-(401)], m.p. 144° (arising from reactn. of the sym. form), and /?-benzoylpropionic acid 
[Beil. X-696, Xi-(330)], m.p. 116°.] 

[C on distn. or htg. with succinic acid (1:0530) (30) (31), or on htg. (31) with anhydrous 
oxalic acid (1 :0535) or on protracted boiling with Na in xylene (32), or on htg. with diethyl 
succinate (1:3756) + ZnCl2 (33), yields succinic anhydride (1:0710), m.p. 120°.] 

C with cone. aq. NH4OH (7) or with NH3 gas m CeHe reacts mainly in the unsym. form 
(7) yielding the hygroscopic unsym. succindiamide [Beil. XVII-410] with at most 5% of 
fij/m.-succindiamide, m.p. 260°; C with aniline in CeHe (7) (34), however, gives 90% yield 
(7) «ym.-succindianilide, m.p. 230°. 

[For behavior of C with diethyl sodio-malonate see (35) (36).] 

C on hydrolysis yields succinic acid (1 : 0530) q.v., m.p. 185°. 

8:6200 (1) Ott, Ann. 392 , 277 (1912). (2) Perkin. J. Chem. Soc. 58 , 563-564 (1888). (3) Dann, 

Davies, Hambly, Paul, Semmens, J. Chem. Soc. 1933 , 18. (4) Vorlander, Ann. 280 , 183-184 
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(1894). (5) Garner, Sugden, J. Chem. Soc, 19X7, 2878-2880. (6) von Auwers, Schmidt, Ber, 

46 , 478 (1913). (7) Morrell, J. Chem. Soc. 165 , 1736-1739 (1914). (8) Clark, Bell, Tram. 
Roy. Soc. Can. (3) 27 , III 97-103 (1933). (9) Martin, Partington, J. Chem. Soc. 1936 , .1179- 

1181. (10) Purvis, Jones, Tasker, J. Chem. Soc. 97 , 2289 (1910). 

(11) Vorlander, Ber. 30, 2268-2269, Note (1897). (12) Curtius, Hechtenberg, J. prakt. 

Chem. (2) 166, 302, Note (1923). (13) Gerhardt, Chiosza, Ann. 87, 293-294 (1863). (14) 

Moller, J. prakt. Chem. (2) 22, 208 (1880). (15) Frdschl, Maier, Moruitsh. 59, 264-268 (1932). 
(16) McMaster, Ahmann, J. Am. Chem. Soc. 50, 146 (1928). (17) Clommensen, Miller (to 

Monsanto Chemical Co.), U.S. 1,974,845, Sept. 25, 1934; Cent. 1936, 1 960; C.A. 28, 7265 (1934). 

(18) Kyrides (to Monsanto Chem. Co.), U.S. 1,961,364, March 20, 1934; Cent. 1984, II 333. 

(19) Carrifere, Ann. chim. (9) 17, 91 (1922). (20) Leder, J. prakt. Chem. (2) 130, 269-271 (1931). 
(21) Kauder, J. prakt. Chem. (2) 31, 1-36 (1895). (22) Ing, Perkin, J. Chem. Soc. 126, 1815, 

1822 (1924). (23) Meyer, Marx, Ber. 41, 2465 (1908). (24) Vandevelde, BuU. acad. roy. Belg. 
37, 680-700; Cent. 1900, I 404. (25) Saytzeff, Ann. 171, 261-272 (1874). (26) Frdschl, Danoff, 

J. prakt. Chem. (2) 144, 222 (1936). (27) Lutz. J. Am. Chem. Soc. 49, 1111 (1927). (28) Borsche, 

Ann. 526 , 17 (1936). (29) Auger, Ann. chim. (6) 22 , 312-317 (1891); BuU. soc. chim. (2) 49, 
345-348 (1888). (30) Anschutz, Ber. 10, 1883 (1877). 

(31) AnschOtz, Ann. 226 , 6, 16-17 (1884). (32) Pearl, Evans, Dehn, J. Am. Chem. Soc. 60 , 

2479 (1938). (33) Kyrides, Dvornikoff, J. Am. Chem. Soc. 56 , 4630 (1933). (34) Dunlap, 

Cummer. J. Am. Chem. Soc. 25 , 621 (1903). (35) Ruggli, Maeder, Heh. Chim. Acta 26 , 1476- 

1498 (1943) ; C.A. 88, 2934 (1944). (36) RuggU, Maeder, Helv. Chim. Acta 26 , 1499-1611 (1943) ; 
C.A. 38, 2935 (1944). 

3:6205 PENTACHLOROPROPANONE-2 CsHOCIb 

(Pentachloroacetone) CI 2 CH — C — CCI 3 

B.P. F.P. 

192° at 768 mm. (1) +2.1° <2) Djt = 1.69 (3) 

97.6-98.6° at 40 mm. (2) Z)L* - 1.676 (1) 

[See also hexachhropropan(me'-2 (3 : 6312).] 

Colorless oil with odor suggesting chloral (3:5210); slightly sol. cold aq. (aq. at 0 " dis. 
0.1 vol. C ( 1 )) but on warming to 50-60® the soln. becomes turbid. — C with aq. at 0 ® 
forms ( 1 ) (4) a crystn. tetrahydrate# m.p. 15-17° (4), 15° dec. ( 1 ). — C is volatile with 
steam. 

[For prepn. of C from acetone (1:5400) with CI 2 in sunlight see (1); from chloroacetone 
(3:5425) with CI 2 at 50-70° in light see (5) cf. (3); from citric acid (1:0455) in aq. soln. at 
100 ° with CI 2 see ( 1 ); from chloranihc acid (3:4970) in aq. with CI 2 in pres, of I 2 see ( 6 ); 
from isopropyl alcohol (1:6135) at 65° with CI 2 see (7); for formn. of 5 from citric acid, 
gallic acid, quinic acid, salicylic acid, indigo, etc., by distn. with HCl + KCIO 3 see (4); 
note that in prepn. of C some hexachloroacetone (3:6312) b frequently also obtd.] 

C with PCls in s.t. at 180° for 0-8 hrs. yields ( 8 ) 1,1,1,2,2,3,3-heptachloropropane (3:0200) 
b.p. 247-248°, m.p. 30°. 

C with dil. aq. KOH imdergoes hydrolytic cleavage yielding ( 1 ) (3) chloroform (3:5050) 
and the K salt of dichloroacetic acid (3:6208). 

C with aniline in dil. AcOH yields ( 1 ) (3) chloroform (3:5050) and dichloroacetanilide 
[Beil. XII-244, XIIi-(193)], cryst. from aq., CeHe, or ether/alc., m.p. 117°. — C with ale. 
NH 4 OH yields (1) chloroform (3:5050) and dichloroacetamide [Beil. 11-205, IIi-(92), 
Il2-(196)], cryst., m.p. 98°. 

8:6265 (1) CloSz, Ann. chim. (6) 9 , 187-194 (1886). ( 2 ) Edwards, Evans, Watson, J. Chem. 
Soc. 1937 , 1944-1945. (3) Fritsoh, Ber. 26 , 598 (1893) ; Ann. 279 , 317-318 (1894). (4) St&deler. 
Ann. 11 , 293-301 (1869). (6) I.G., French 816,966, Aug. 21, 1937; Cent. 1938 , I 2216. (6) 
Levy, JedUcka, Ann. 249 , 87-89 (1888). (7) Buc (to Standard OU. Co. of N.J.), U.S. 1.391.767. 
Sept. 27, 1921; Cent. 1922 , IV 942. (8) Fritsch, Ann. 297 , 314 (1897). 


BeU. I - 656 
Il- 
ia- 
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3:6207 ETHYL a-CHLOROACBTOACETATB CeHsOia BeiL HI - 662 

(Ethyl a-chloro^-keto-»- CHr-C^-CH— COOCjHs nii-(233) 

butyrate) IIb-(426) 

lOS" at 760 mm. (1) 
lOA” (9) 

105- lOS” (2) (10) (IS) 

197° at 748 mm. (3) 

188-189° (4) 

108-110° at 20-26 mm. (5) (12) 

106- 110° at 30 mm. (6) 

86-89° at 12 mm. (7) 

88-89° at 11mm. (1) 

58° at 2.5 mm. (3) 

[See also ethyl y-chloroacetoacetate (3:6375).] 

Colorless oil with penetrating odor; vapor is strong lacluymator. — C can be preserved 
for some time but on very long stdg. (several years) decomposes (8) with formn. of oxalic 
acid (1:0445). — C is spar. sol. aq., eas. sol. ale., ether. 

[For prepn. of C from ethyl acetoacetate (1 : 1710) with SO2CI2 (yields: 85% (7), 55% (6)) 
(2) or with CI2 in diffused light at room temp. (75% yield (9)) or in gas phase at 76-102° 
and 7 mm. press. (68% yield <40)) see indie, refs.; from the copper enolate of ethyl aceto- 
acetate in CHCI3 with CI2 (67% yield <10)) cf. {11); from ethyl sodioacetoacetate with 
p-toluencsulfonyl chloride in dry ether or Igr. {12); or from ethyl /8-(chlorimino)-n-butyrate 
[Beil. III-656] on distillation with dil. H2SO4 {13) see indie, refs.] 

(C can be further chlorinated: e.g., C (1 mole) with SO2CI2 (1 mole) gives {1) {2) ethyl 
o,a-dichloroacetoacetate [Beil. III-663, IIIi-(233), IIl2-(427)], b.p. 205-207° at 726 mm., 
91° at 11 mm. {!), D1?.5 = 1.293 {14), nU = 1.4492 {!).] 

C on hydrolysis with boilg. dil. H2SO4 undergoes ketonic splitting yielding {15) chloro- 
acetone (3:5425) + CO2 + EtOH (note that this does not distinguish C from ethyl 7- 
chloro-acetoacetate (3:6375) which yields same prods.) 

[C with ale. NaOC2H6 yields {9) ethyl acetate (1:3015), ethyl a-ethoxyacetoacetate, and 
traces of ethyl chloroacetate (3:5700); C with sodium phenolate (free from ale. or aq.) on 
htg. gives {16) ethyl cc-phenoxyacetoacetate (not further described) which in cold cone. 
H2SO4 loses H2O and ring-closes to 2-carbethoxy-3-methylcoum^one [Beil. XVIII-3091, 
tbls. from CeHe, m.p. 51°, b.p. 290° {16); note dif. in behavior of C with these reagents as 
compared with ethyl 7-chloroacetoacetate (3:6375).] 

[C with diethyl sodiomalonate yields in ale. {7) ethyl acetate (1 : 3015), ethyl chloroacetate 
(3:5700), triethyl ethane-1, 1,2-tricarboxylate [Beil. 11-813, IIi-(321), Il2-(681)], and tetra- 
ethyl propane-1, 2, 2,3-tetracarboxylate [Beil. 11-862, IIi-(333), Il2-(701)] but in toluene 
yields {7) trjethyl 3-hydroxybuten-2-tricarboxylate-l,l,2 [Beil. IIl2-(509)]; note dif. from 
behaviof of ethyl 7-chloroacetoacetate (3:6375).] 

[For behavior of C with KCN see {4); with ethyl sodiocyanoacetate see {17); with NH3 
in dry ether see {18).] 

Note that C is capable of displaying keto enol tautomerism as is shown in the following 
reactions. 

C with FeCla soln. gives intense violet coloration {10) {4). 

C forms a series of metallic salts of the enolic form; these are in general insol. aq. but sol. 
in org. solvents: e.g., C in ether on shaking with aq. Cu(OAc)2 {19) or NH4OH/CUSO4 {20) 
gives Cu(CeH808Cl)2, green tbls. from CeHe, m.p. 16^170° <19) (note that this m.p. is 
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aim. ident. with corresp. deriv. from the isomeric ethyl y-chloroacetoacetate (3:6376)); 
for corresp. Mg, Cu, or Ni enolates see (20). 

[C with phenols in pres, of cone. H 2 SO 4 or P 2 O 6 undergoes condensation and ring closure 
with loss of H 2 O giving the corresp. substituted coumarins: e.g., C with m-cresol (1 : 1730) 
in cone. H 2 SO 4 at 0 ® gives ( 6 ) 3-cliloro-4,7-dimethylcoumarin, ndls. from ale., m.p. 135® 
(6); C with p-cresol (1 : 1410) similarly <6) (or m small yield (21) with P 2 O 6 ) gives 3-chloro- 
4 , 6 -dimethylcoumarin, ndls. from AcOH, m.p. 160® ( 6 ), 158® (21): for corresp. reactn. of 
C with a-naphthol (1:1500) (22) ( 6 ), with jS-naphthol (1:1540) (23), with 6 -chloro-m- 
cresol (4-chloro-3-methylphenol) (3 : 1535) (24) see indie, refs. — Tliis type of condensation 
also occurs with polyhydric phenols: e.g., C with resorcinol (1 : 1530) + cone. H 2 SO 4 at 0® 
(25) or with P 2 O 5 in ale. (26) gives 3-cliloro-7-hydroxy-4-methylcoumarin, cryst. from ale. 
with H H 2 O (lost at 105-110°) and then melting 236® (25) (26); for corresp. behavior of C 
with orcinol (1:1525) (22) (25), with pyrogallol (1:1555) (22) (25), see indie, refs.; many 
other cases are known. — Note, however, with particular care that C with sodium salts of 
these phenols reacts in a different manner yielding substituted coumarone derivs, (cf. case 
of sodium phenolate in fifth paragraph).] 

C with aq. solns. of diazonium salts behaves quite differently from the isomeric ethyl 
7 -chloroacetoacetate (3:6375): e.g., C in ale. with aq. benzenediazonium sulfate in pres, 
of NaOAc (2 moles) yields (27) (28) (4) ethyl a-chloro-a-(phcnylhydrazono) acetate [Beil. 

XV- 270], yel. Ifts. or pi. from ale., m.p. 80-81® (28) (4), 70-71® (27) (for use of this reactn. 
on mixts. of C with the isohier see (4)). 

C with excess hydrazine hydrate is reduced with evolution of N 2 ( 1 ); C with phenyl- 
hydrazine (2 moles) condenses and ring-closes yielding (29) (30) 4-(benzeneazo)-3-methyl- 
l-phenylpyrazolone-5 [Beil. XXlV-328, XXIVi-(319)], or.-rod. ndls. from ale., AcOH, or 
CHCls, m.p, 156-157® (note, however, that in pres, of ether the reactn. with phenyl- 
hydrazine takes a different course yielding (31) ethyl /3-(benzencazo)-crotonate [Beil. 

XVI- 27], red ndls. from ale., m.p, 50-51°). 

[C with thioacctamide on warming yields (32) 5-carbcthoxy-2,4-dimethylthiazolc [Beil. 
XXVII-318], cryst. from ethqr, m.p. 50-51® (32). — C with NH 4 SCN (33) or better Ba- 
(SCN )2 (34) in ale. gives (55% yield (34)) 5-carbethoxy-2-hydroxy-4-methylthiazole [Beil. 
XXVII-338], Ifts. from ale., m.p. 128® (33), 127-129® (34); note that this prod, may be 
regarded as merely the isomeric ethyl a-(thiocyano)acetoacetatc (35). — C with NH 4 
dithiocarbamate (from NH 4 OH -f CS 2 ) in ale. eliminates NH 4 CI giving an intermediate, 
m.p. 115-121®, according to mode of htg, (38) but which on fusion ring-closes with loss of 
aq. to 5-carbethoxy-2-mercapto-4-methylthiazole [Beil. XXVII-339], ndls. from ale., m.p. 
150® (38), 141® (39).] 

[C with urea in ale. contg. a little aq. HCl gives on stdg. 5 months (36) 5-carbethoxy-2- 
hydroxy-4-methylimidazole [Beil. XXV-216], ndls. from aq. or this, from ale., m.p. 218® (36). 
— C (1 mole) with thiourea (1 mole) at 90° reacts vigorously eliminating H 2 O and giving 
(aim. quant, yield (37)) as the hydrochloride 2-amino-5-carbethoxy-4-methylthiazole 
[Beil. XXVII-338] ; addn. of alk. sets free the base, ndls. from ether/ ale., m.p. 175® (37) (13).] 

8:6207 (1) Macbeth, J. Chem. Soc. 123, 1125 (1923). (2) Allihn, B^. 11, 567-570 (1878). 
(3) Milone, Gazz. chim. Hal. 65, 342 (1935). (4) Favrel, Prevost, Bull. soc. chim. (4) 46, 243-261 

(1931). (6) Haller, Held, BuU. aoc. chim. (2) 66, 888-892 (1887). (6) Dey, J. Chem. Soc. 107, 

1646 (1915). (7) Gault, Klees, BuU. aoc. chim. (4) 36, 889-906 (1926); Compt. rend. 176, 600 

(1924). (8) von Konek-Norwall, Ber. 51, 393-398 (1918). (9) Mewes, Ann. 245, 58-60, 66-69 

(1888). (10) Schbnbrodt, Ann. 263, 170-174 (1889). 

( 11 ) Michael, Carlson, J. Am. Chem. Soc. 58, 353-364 (1936). (12) von Meyer, von Findeisen, 

J. prakt. Chem. (2) 65, 529-632 (1902). (13) Behrend, Schreiber, Ann. 318, 381 (1901). (14) 
Conrad, Ann. 186, 234 (1877). (15) Peratoner, Gazz. chim. ital. 22, II 40-41 (1892). (16) 
Hantzsch, Ber. 16, 1292-1293 (1886). (17) Chassagne, BvJU. aoc. chim. (4) 1, 914-916 (1907). 
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(18) Genvresse, Ann, chim, (6) 24 , 64-65 (1891). (19) Wislicenus, Stoeber, Ber. 85 , 642-643 
(1902). (20) Allihn, Ber. 12 , 129^-1300 (1879). 

(21) Robertson, Sandrock, J. Chem. Soc. 1932 , 1180, 1183-1184. (22) Chakravarti, J. Indian 

Chem. Soc. 8, 407-411 (1931). (23) Dey, J. Chem. Soc. 107 , 1629 (1916). (24) Dey, Dalai, 

J. Chem. Soc. 123 , 3390 (1923). (25) von Pechmann, Hanke. Ber. 34 , 367-360 (1901). (26) 

Chakravarti, J. Indian Chem. Soc. 8, 136 (1931). (27) Bowack, Lapworth, J. Chem. Soc, 87 , 

1859 (1905). (28) Favrel, Compi. rend. 134 , 1313 (1902). (29) Schonbrodt, Ann. 253 , 188-193 

(1889). (30) Buchka, Sprague, Ber. 22 , 2.548-2550 (1889). 

(31) Bender, Ber. 20 , 2747-2752 (1887). (32) Hantzsch, Ann. 250 , 269 (1888). (33) Hantzsch, 

Weber, Ber. 20 , 3131-3132 (1887). (34) Zurcher, Ann. 250 , 282-283 (1888). (35) Wohmann, 

Ann. 269 , 298 (1890). (36) Behrend, Ann. 229 , 16 (1885). (37) Zurcher, Ann. 250 , 289-290 

(1888). (38) Levi, Gazz chim. Hal. 61 , 723-724 (1931). (39) Miolati, Gazz. chim. ital. 23 , I 

577 (1893). (40) Ubaldini, Chimtca e induatma (Italy) 25 , 113-114 (1943); Cent. 1943 , II 1961; 

C.A. 38 , 5799 (1944). 


3 : 6208 DICHLOROACETIC ACID 


Cl C 2 H 2 O 2 CI 2 


HC— COOH 

il 


Beil, n - 202 
ni-( 90) 
n2-(i94) 


B.P. M.P. 

195° (1) (62) 13.26° (17) 1^® = 1.5579 (28) 

194.5-195° (2) 13.00° (18) 

194.43° at 760 mm. (3) 12.16° (17) = 1.5604 (4) 

194.0-194.6° cor. (4) 11°(19>(20) 

194° (.1) (6) 10.85° (21) = 1.5594 (14) ng = 1.4669 (8) 


193.6-193.9° 

(7) 

10.8° 

(22) 




198.5° at 763 mm. (28) 

10° 

(23) 

II 

1.5648 (28) 

ng = 1.46588 (27) 




(28) 


1.5648 (27) 


192-193° cor., dec. 

(8) 

9.7° 

(24) 


1.5634 (8) 





(25) 




191° at 760 mm. 

(9) 

5-6° 

(14) 




190° 

(10) 

-4.1° 

(24) 

oo 

II 

1.5666 (8) 


189-191° 

(11) 

-4° 

(26) 






See Note 2. 

Df = 

1.5691 (29) 

ng = 1.4667 (29) 





Di* = 

1.6717 (28) 






D\l = 

1.6707 (27) 


144° at 164 mm. (12) 



See Note 3. 

See Note 3. 


140° at 142 mm. (12) 

189° at 88 mm. (12) 

185° at 71 mm. (12) Note 1. The b.p. of C at normal press, is not very 

111.5® at 36 mm, (12) significant, some decompn. to dichloroacetyl chloride 

105° at 25 mm, (13) (3:5290), phosgene (3:5000), and tarry products always 

102.5° at 24 mm. (12) occurring (8). 

99° at 21 mm. (12) Note 2. C apparently can exist in at least two crystn. 

102®cor.at 20 mm. (8) (14) modifications (24); no clear-cut study of the matter, how- 
102°u.c. at 20 mm. (16) ever, has been reported. 

95-96° at 17 mm. (8) Note 3. For values of and wj? for aq. solns. of 

91-92° at 12 mm. (16) C see (27). 

See Note 1. 


[See also chloroacetic add (3:1370) and trichloroacetic add (3:1160).] 

C when pure is a colorless liq. which does not fume in moist air and which dissolves in 
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aq. without opalescence. — Ordinary comml. samples of C may contain also chloroacetic 
acid (3:1370) and trichloroacetic acid (3:1150) as well as decompn. products from these 
or from C itself, cf. <30) (31). 

MISCELLANEOUS PHYSICAL PROPERTIES OF C 

Adsorption of C. [For studies of adsorption of C by activated carbon, charcoal, etc., see 
<32> (33) (34) (35) (36) (39); by silica gel see (33); by cellulose (viscose) see (37); by bide 
powder see (38).] 

Distribution of C between solvents. [For studies and data on distribution of C between 
aq, + ether at 25® (40) (41); aq. -h CaHe at 15® (42) (43) (44) (45); aq. + nitrobenzene (43); 
aq. + toluene (43); aq. -f o-nitrotoluene (43) (47); aq. + CHClz (3:5050) (43); aq. + CCh 
(3:5100) (43) (46); aq. + EiBr (43) (46); aq. {contg. MqSOa) + di-n-hutyl ether (1:7950) 
(48); aq. + olive oil (49); acetone + glycerol (50) see indie, refs.] 

Bina^ systems contg. C. [For f.p./compn. data on systems C + trichloroacetic add 
(3:1150) (25); C -f AcOH (1:1010) (25); (? + croUmic^^aetd (1:0425) (25); C + benzoic 
add (1:0715) (25); G -f o-toluic add (1:0690) (25); G -f m-toluic add (1:0705) (25); 
G -h p-toluic acid (1:0795) (25); G + phenylacetic add (1:0665) (25); G + dnnamic acid 
(1:0735) (25); G + £,6~dimethylpyrone (24); G + azobenzene (19); G + urea (51); G + 
ethyl carbamate {urethane) (51) see indie, refs.] 

physiological BEHAVIOR OF C 

[For study of toxicity of C see (52); for action of C on human skin see (53) (54).] 

PREPARATION OF C 
Fbom Various Chloro Compounds 

From chloral hydrate. [For prepn. of C from chloral hydrate (3 : 1270) with aq. NaCN + 
CaCOs (yields: 88-92% (55), 90% (15)) or with aq. NaCN (60-65% yield (16)) or with 
KaFe (CN)6 (63) see indie, refs.; cf. also (56) (57); note here also the closely related matter 
of conversion of anhydrous chloral (3 : 5210) with alcohols 4- KCN (58) to the corresponding 
alkyl dichloroacetates, e.g., with MeOH to methyl dichloroacetate (3:5655) or with KtOH 
to ethyl dichloroacetate (3:5850), etc.; also conversion of chloral hydrate (3:1270) in 
ether with KCN + cone. aq. NH4OH to (65-78% yield (59)) cf. (58) a,a-dichloroacetamide 
(see also below).] 

From trichloroacetic acid. [For prepn. of C from trichloroacetic acid (3 : 1150) by partial 
reduction with Zn + aq. (13), with Cu powder in aq. (80% yield (14)) or CeHo + aniline 
(75-85% yield (8)) cf. (60), or by electrolytic reduction (80% yield (61)) see indie, refs.] 

From cMoroacetic acid. [For prepn. of C from chloroacetic acid (3:1370) with CI2 (1), 
or CI2 in pres, of I2 (62), see indie, refs.] 

From dichloroacetaldehyde. [For prepn. of C from dichloroacetaldehyde (3:5180) by 
oxidn. with HNOs see (2).] 

From other misc. chloro compoimds. [For formn. of C from ethyl dichloroacetate 
(3:5850) with HCl gas (100% yield (11)); from dichloroacetyl chloride (3:5290) by 
hydrolysis or by disproportionation with AcOH (acetyl chloride (3:7065) also being 
formed (64)); from /?,j9,/8-trichloro-a-hydroxypropionic acid (trichlorolactic acid) [Beil. 
III-286, IIIi-(lll), IIl2-(210)] or its ethyl ester with excess aq. Ba(OH)2 (65); from 
dichlorcKx-acetoxyacrylonitrile [Beil. IIli-(135), IIl2-(254)] with boilg. aq. (66) or from 
a,/3,/3-trichloro-tt-acetoxypropionitrile [Beil. III-288, IIIi-(112)] with 33% H2SO4 (66); from 
2,2,4,4,6,6-hexachlorocyclohexantrione-l,3,5 (hexachlorophloroglucinQl) [Beil. VII*854, 
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VIIi-(469)] with aq. (5ym.-tetrachloroacetone (3:6050) is also formed) (67); from unsym.- 
dichloroacetone (3:5430) by oxidn. with HNOa + air (68); from 1,1,2,2-tetrachloroethane 
(acetylene tetrachloride) (3:5750) with air in ultra-violet light in pres, of water (21) cf. 
(69); from pentachloroethane (3:5880) by partial hydrolysis with 88-97% H2SO4 at 168® 
(90% yield (70)) see indie, refs.l 

From miscellaneous non-chlorinated compounds. [For formn. of C from with 

CI2 (71) in presence of I2 (62) see indie, refs.; from acetylene with HOCl at 75-80® see (72); 
from ethyl acetoacetate (1:1710) with aq. bleaching powder (yield 60%) see (73); from 
phloroglucinol (1:1620) with aq. CI2 see (74) (75); from pyrrole with NaOCl see (76).) 

CHEMICAL BEHAVIOR OF C 
Behavior as an Acid 

Acid strength of C. C in aq. soln. is a strong acid [ionization const, at 25® is K » 5.14 X 
10“2 <77) cf. (78) (18), at 18® K - 5.15 X lO"* (45); for studies of activity coefficient of 
C in aq. and in salt solns. see (18) (48). — For tests on corrosion of metals by C see (16)]. 

[Studies of acid strength of C in other solvents include the following: in aq. MeOH 
(79) (81), in aq. EtOH (79) (80), in abs. EtOH (82), in w-BuOH (5) (83), in CeHe (84), in 
chlorobenzene (85), in formamide (86), in acetomtrile (87).] 

C on titration gives Neut. Eq. = 129. 

Salts of C, This topic cannot be exhaustively treated here but following examples are 
cited. 

Salts with inorganic hoses. [NHiX (88); hydroxylamino salt, HONH3A, cryst. from 
CeHe/EtOH, m.p. 116.0-116.5® (89); NaA Jon electrolysis gives (90) H2, CO2, CO, and 
also (91) dichloromethyl dichloroacetate; KA, Kts. from ale. (11), on dry distn. gives (92) 
C + KCl -f- CO2 + carbon; CaA2, ndls, from abs. ale. (93); CaA2.3H20 (93); CuA2 (88); 
CUA2.4H2O (88); CdA2.H20 (94); MnA2.1H H2O (94); C0A2.3H2O (94); note that all the 
foregoing salts are sol. aq.] 

[Inorg. salts of C which are sparingly sol. aq. include the following: AgA (93); Th(OH)2A2 
(96); (U0)A2.2H20 (97).] 

Salts with organic bases (amines). [Aniline dichloroacetate, m.p. 122-123® (8) (98) cf. 
(30) (159) (note that this prod, or its components at 140® for 24 hrs. gives (98) dichloro- 
acetanilide, m.p. 118®). — o-Toluidine dichloroaceUde, m.p. 132.5® (98), 140® (99) (note that 
this prod, or its components at 140° for 18 hrs. gives (98) dichloroaceto-o-toluidide, m.p. 
133°, but depressing m.p. of the salt to as low as 112°). — p-Toluidine dichloroacetate, 
m.p. 138® (98) (note that this prod, or its components on htg. gives (98) dichloroaceto-p- 
toluidide, m.p. 154°). — Piperazine his- (dichloroacetate), m.p. 181® cor. (100). — Semi- 
carbazide dichloroacetate, m.p. 108® (101). — For salts of C with other org. amines see 
(30) (99).] 

Esterification of C. [For this see the text of methyl dichloroacetate (3:5655), ethyl 
dichloroacetate (3:5850), 7i-propyl dichloroacetate (3:6000), isopropyl dichloroacetate 
(3 : 5890) ; for study of direct esterification of C with various butyl and amyl ales, without 
cat. see (102).] 

Conversion of C to corresp. acid chloride. C with PClg (103), with HCl gas + P205 
(104), with SOCI2 (poor yield apparently due to much formn. of dichloroacetic acid an- 
hydride (3:6430) (105) (106) (107) (108)), with BzCl (3:6240) (73% yield (111)), or with 
benzotrichloride (3:6540) (109) (110) gives dichloroacetyl chloride (3:5290), b.p. 108®. 

Addition reactions of C with org. cpds. C in pres, of suitable cat. adds to olefins yielding 
corresp. esters [e.g., C with propylene -f BF3 as directed gives (39.5% yield (112)) isopropyl 
dichloroacetate (3:5890); C with 2-methylbutene-2 (trimethylethylene) (1:8220) at 18® 
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shows slight tendency toward formn. of corresp. ester in CeHe, CHCI 3 or CSa but none in 
ale. or ether (113)]. 

[C with ethylene oxide (1:6105) in dry ether at 0® gives (15% yield (114)) cf. (115) 
/9-hydroxy thyl dichloroacetate (3:9107).] 

Behavior op C as Dichloro Compound 

Reduction. [C in ale. KOH soln. with H 2 + Pd/CaCOa splits off all its halogen as 
HCl (116). — C with Zn -|- water on htg. is slowly reduced to chloroacetic acid (3:1370) 
but reaction is much less energetic than that of trichloroacetic acid (3: 1150) under same 
conditions (13).] 

Hydrolysis of halogen atoms of C or its salts. (C with aq. in s.t. at 100° is slowly or in 
pres, of NaOH or Ba(OH )2 rapidly decomposed (93) cf. (117). — For study of kinetics of 
hydrolysis of C see (118) (119). — Note, however, that AgA on htg. with aq. (93), or C 
(or its salts) on hydrolysis at elevated temp, and press. (120), or salts of C htd. with aq. 
solns. of NaOAc or NaOBz (121), gives glyoxylic acid, OHC-COOH [Beil. II1-594, IIIi-207, 
IIl2-(385)], m.p. 98°, very sol. aq. — For a method of detn. of C in pres, of chloroacetic 
acid (3:1370) and trichloroacetic acid (3:1150) based on this hydrolysis see (122).] 

Behavior of C with alkoxides. [C (as KA) with excess MeOH/NaOMe refluxed under 
H 2 , and the solution then further esterified with MeOH/HCl, gives (62% yield (123)) cf. 
(124) methyl dimethoxyacetate, b.p. 60-61° at 12 mm., — 1.0962, nlf = 1.4045 (124); 
this ester upon alk. hydrolysis gives (85.7% yield (124)) dimethyoxyacetic acid (glyoxylic 
acid dimethylacetal) as a sirup.] 

[C with excess EtOH/NaOEt under reflux followed by acidification and esterification 
as above gives (50% yield (125)) (126) ethyl diethoxyacetate [Beil. III-601, IIIi-(210), 
IIl2;(389)], b.p. 199° (127), 94-98° at 19 mm. (125), 83-85° at 13 mm. (125).] 

[C in excess EtOH/NaOEt with Na phenolate refluxed 14 hrs., then acidified and esterified 
as above, gives (61% yield (128)) ethyl (hphenoxyacetate [Beil. Vl-170], oil, b.p. 240° at 
53 mm. (129), 166-168° at 0.8 mm. (128). — However, C with phenol in aq. NaOH on htg. 
and acidification gives (130) (131) diphenoxyacetic acid, ndls. from pet. ether or aq. AcOH, 
m.p. 91° (129) (130).] 

Condensation with hydrocarbons. C with aromatic hydrocarbons on htg. condenses 
with elimination of 2 HCl giving diarylacetic acids [e.g., C with naphthalene at 180° for 
60-100 hrs. gives (132) di-(a-naphthyl)acetic acid [Beil. IX-720, IXi-(313)], cryst. from 
CCI4, m.p. 224° (133), 223° u.c. (134); for analogous behavior of C with other hydrocarbons 
see (132)]. 

Behavior of C with RMgX compounds. [C with C 6 H 5 MgBr (large excess) in ether soln. 
followed by usual hydrolysis gives (34% yield (135)) a,a,/9-triphenylcthylene glycol, ndLs. 
from CeHe, m.p. 163° (135).] 

Behavior of C with hydroxylaxnine. [C (I mole) with NH 2 OH.HCI (1 mole) + aq. KOH 
(4 moles) at 60° for 4 hrs. gives (136) isonitrosoacetic acid (glyoxylic acid oxime) [Beil. 
II1-599, IIIi-(208), IIl2-(389)], cryst. from dry ether, m.p. 138° (136) (note that this prod, 
forms with water a monohydrate, m.p. about 70° (137)).] 

Behavior of C with aromatic amines. (See also salt formation above.) 

With aniline. The products of reaction of C on htg. with aniline are disputed [on one 
hand C (1 mole) with aniline (4 moles) at 100°, then evapd. with NaOAc, is claimed (138) 
(139) to give 4,4'-diaminodiphenylacetic acid [Beil. XIV-540, XIVi-(626)], m.p. about 
196° (140); on the other hand, the prod, is regarded by some (141) (142) as a mixt. of two 
stereoisomeric forms of 2,2'(?)-diaminostilbene-a,a -dicarboxylic acids [Beil. XIV-573]]. 

With (htoluidine. [0 (1 mole) with o-toluidine (4 moles) at 100° gives (140) (143) 4,4^ 
diamino-3, 3'-dimethyldiphenylacetic acid [Beil. XIV-543, XIVi-(627)l, ndls. from ale., 
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m.p. 239-240° <143) dec. (140), accompanied by some 7-methylisatin-3-(o-tolylimide) 
[Beil. XXI-612], yel. Ifts. from ale., m.p. about 225° dec. (138).] 

With p-toluidine. [C (1 mole) with p-toluidine (4 moles) at 100° in aq. or ale. soln. 
gives (144) (145) 5-methylisatin-3-(p-tolylimide) [Beil. XXI-510, XXIi-(401)], golden- 
yel. ndls. or Ifts. from ale., m.p. 259° (144) (145).] 

Behavior of C with urea. C with urea (2 moles) in pres, of NaOEt condenses to give 
(146) 5-ureidohydantoin (allantoin) [Beil. XXV-474, XXVi-(692)], m.p. by ord. htg. in 
cap. tube is 228-230° (147), by rap. htg^in bath already at 228° is 233-234° (147). 

Behavior of C with arylhydrazines. C with arylhydrazines in ale. KOH yields^^a mixt. 
of the two stereoisomeric arylhydrazones of glyoxylic acid [e.g., C with phenylhydrazine 
in dil. ale. KOH refluxed 2 hrs. give^ (148) a mixt. of the a-glyoxylic acid phenylhydrazone, 
m.p. abt. 138° with decompn. at 142-143°, and the /9-glyoxylic acid phenylhychazone, m.p. 
128-129° dec. (rap. htg.) (148); for analogous behavior of C with other arylhydrazines see 
(148)]. 

® Color test with NH 4 OH/ CU 2 CI 2 reagent. C on shaking in filled stoppered bottle with 
cone. aq. NH 4 OH contg. CU 2 CI 2 gives dark blue color within 3 min. (149); note, how- 
ever, that the same behavior is shown by trichloroacetic acid (3:1150). 

Methyl dichloroacetate : oil, b.p. 143° (see 3:5655). 

Ethyl dichloroacetate: oil, b.p. 158° (see 3:5850). 

Benzyl dichloroacetate: oil, b.p. 179° at 60 mm. (150). [From C with benzyl 

alcohol (1:6480) with HCl gas (150).] 

Phenyl dichloroacetate [Beil. VT-153, VIi-(87)]: m.p. 48° (151), b.p. 247.5° cor. 

(151). [From dichloroacetyl chloride (3:5290) Aids in CS 2 (prod. m.p. 33° was 
probably impure (152)).] 

^-Tolyl dichloroacetate: m.p. 58° (151). [T^epd. indirectly from a,/?-dichlorovinyl 

ethyl ether (3:5440) with p-cresol (1:1410) (151).] ( 

J^-Nitrobenzyl dichloroacetate: oil, unsuitable as (© (160) (161). 

Phenacyl dichloroacetate: oil (153). 

^-Chlorophenacyl dichloroacetate: m.p. 93.0-93.8° (153). 

^-Bromophenacyl dichloroacetate: m.p. 98.2-99.3° (153). 

^-lodophenacyl dichloroacetate: unreported. 

^-Phenylphenacyl dichloroacetate : unreported. 

(g) iS-Benzylthiuronium dichloroacetate: m.p. 178-179° (154). [Note that for corresp. 
salts from chloroacetic acid (3: 1370) and from trichloroacetic acid (3:1150) the values 
are respectively 159-160° and 148-149° (154).] 

S-(j^-Chlorobenzyl)thiuronium dichloroacetate: unreported. 

S-(^-Bromobenzyl)thiuronium dichloroacetate: unreported. 

a,a-Dichloroacetamide: cryst. from CeHe, m.p. 99.4° (155), 98.5-99° (58), 98.5° 

(156), 97.5-99.5° (59). [From ethyl dichloroacetate (3:5850) with aq. NH 4 OH (155) 
or in other indirect ways, e.g., from chloralammonia with KCN + aq. NH 4 OH (93% 
yield (58)), or from chloral hydrate (3:1270) with KCN + aq. NH 4 OH (65-78% 
yield (59)).] — [Note that dichloroacetamide forms with bromo-chloro-acetamide or 
with chloro-iodo-acetamide an unbroken scries of mixed crystals.] 

(g <x,a-DichloroacetaniUde: colorless ndls. from ale. or by sublimation, m.p. 118° (98), 
117.7° (156). [From C with aniline at 140° for 24 hrs. (98) or from dichloroacetyl 
chloride (3:5290) with aniline in CeHg (157) or acetone (157).] — [Note that this 
prod, forms with a-bromo-a-chloroacetanilide, m.p. 116.8° (157), a series of mixed 
cryst. and with a-chloro-a-iodoacetanilide, m.p. 142.3°, a eutectic, m.p. 105.2° (157).] 
— [Note also that aniline dichloroacetate (see also above) has m.p. 122-123° (98).] 
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(9 a,a-Dichioroacet-o-toltiidide: cryat. from 50% ale. or by sublimation, m.p. 133^ (98). 
(From C + o-toluidine at 140® for 18 hrs. (98); note that the salt o-toluidine dichloro- 
acetate has same m.p. 132.5^ as the o(,a-dichloroacet-o-toluidide but that the m.p. of 
a mixture of the two compds. is depressed to below 112® (98).] 

a,a-Dichloroacet-^-toluidide: pi. from ale. or by sublimation, m.p. 154® (98). 

[From C + p-toluidine at 148® for 18 hrs. (98); note that the corresp. salt, p-toluidine 
dichloroacetate, has m.p. 138® (98).] 

a,a-Dicliloroacet-iV-benzylamide: m.p. 96.2® (156), 94.8-95.6® cor. (158), 94.2- 

95.0® U.C. (158). [From ethyl dichloroacetate (3:5850) (158) cf. (162) or dichloro- 
acetyl chloride (3:5290) (156) with benzylamine; note, however, that the corresp. 
derivs. from chloroacetic acid (3:1370) and from trichloroacetic acid (3:1150) have 
almost the same m.p.’s, viz., 93.0-93.6® cor. and 93.6-94.4° cor., respectively (158).] 
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Markham, Trimble, J. Am. Chem. Soc. 63, 3524-3525 (1941), 

(41) Smith, J. Phya. Chem. 25, 621 (1921). (42) Bell, Z. phyaik. Chem. A-150, 24-25 (1930). 
(43) Kolossowsky, Kulikow, Z. phyaik. Chem. A>169, 462-464 (1934). (44) von Georgievics, 

Z. phyaik. Chem. 90, 55 (1915); Monatah. 36, 400-401 (1915). (45) Drucker, Z. phyaik. Chem. 

49, 667, 678-579 (1904). (46) Kolosovski, KuUkov, J. Gen. Chem. (U.S.S.R.) 5, 63-68 (1936); 
Cent. 1936, H 2880; C.A. 29, 4652 (1936). (47) Kolosovskii, Kulikov, J. Gen. Chem. (U.S.S.R ) 
4, 1370-1377 (1934); Cent. 1936, II 1511; C.A. 29, 3898 (1935). (48) RandaU, Failey, /. Am. 
Chem. Soc. 49, 2679 (1927). (49) Bodansky, Meigs, J. Phya. Chem. 36, 816 (1932). (50) Smith, 

J. Phya. Chem. 25, 730 (1921). 

(51) Puschin, Rikovsky, Monatah. 60, 441-442, 446 (1932). (52) Woodard, Lange, Nelson, 
Calvery, J. Ind. Hyg. Toxicol. 23, 78-82 (1941). (53) Roberts, Brit. J. Dermatology^ Syphilia, 
88, 323-334; 376-391 (1926); Ber. gea. Phyaiol. exptl. Pharmakol. 40, 847-848; Cent. 1927, II 
2207; not in C.A. (64) Menschel, Arch, exptl. Pathol. Pharmakol. 110, 1-46 (1925); Cent. 1926, 
II 50; C.A. 20, 1090-1091 (1926). (66) Cope, Clark, Connor, Org. SyrUheaea, Coll. Vol. 2 (Isi ed.), 

181-183 (1943); 19, 38-39 (1939). (56) Wallach, Ber. 10, 2120-2128 (1877). (57) Wallach, 
Ann. 173, 288-302 (1874). (68) Chattaway, Irving, /. Chem. Soc. 1929, 1038-1048. (69) Clark, 
Shibe, Connor, Org. SyrUheaea 20, 37-39 (1940). (60) Doughty, Freeman, J. Am. Chem. Soc. 44, 
640-645 (1922). 

(61) Brand, Ger. 246,661, May 6, 1912; Cent. 1912, 1 1742; C.A. 6, 2496 (1912). (62) MUller. 
Ann. 133, 150-161 (1865). (63) Wallach, Ber. 10, 1526-1527 (1877). (64) Mugdan, Wimmer 
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(to Consortium fttr Elektroohem. Ind.), Ger. 549,725, April 30, 1932; Cent* 1982, II 122; [C.A. 26, 
4828 (1932)]. (65> Pinner, Ber. 18, 757-758 (1885). {66> K6tz, J* prakt. Chem. (2) 10^, 231- 
232, 237-238 (1921/22). (67) Zincke, Kegel. Ber, 22, 1470-1475 (1880). (68) deSimo, Allen 

(to Shell Development Co.). U.8. 2,051,470, Aug. 18. 1936; Cent, 1936, II 3469; [C.A. 36, 6764 
(1936)]. (69) Mtiller, Ehrmann, Ber. 69, 2207-2210 (1936). (70) Compagnie Produit Chim. 
Metallurg. Alais, Froges, Camargue, U.S. 2,036,137, March 31, 1936; [C,A. 86, 3442 (1936)]; not 
in Cent,: Brit. 424,047, Feb. 13, 1935; [C,A, 29, 4380 (1935)]; not in Cent,; Ger. 610,317, March 7, 
1935; [C.A. 29, 3691 (1935)]; not in Cent,: French 773,623, Nov. 22, 1934; Cent, 1935, I 2895, 
C.A. 29, 1437 (1935). 

(71) Amstutz (to Dow Chem. Co.), U.S. 1,921,717, Aug. 8, 1933; Cent. 1933, II 2455; C.A, 27, 
5084 (1933). (72) Wittorf, J, Rues. Phye.-Chem, Soc. 82, 112 (1900); Cent. 1960, II 30. (73) 
Hurd, Thomas, J. Am. Chem. Soc. 55, 1648 (1933). (74) Hlasiwetz, Habermann, Ann, 155, 
132-135 (1870). (75) Zincke, Kegel, Ber. 22, 1476-1477 (1889). (76) Ciamician, Silber, Ber, 

18, 1763-1764 (1885). (77) Ostwald, Z. phyaik. Chem. 3, .177 (1889). (78) Schreiner, Z. anorg. 

aligem. Chem. 116, 113 (1921). (79) Goodhue, Hixon, J. Am. Chem. Soc. 56, 1331 (1934). (80) 

Hunt, Briscoe, J. Phys. Chem. 33, 190-199 (1929). 

(81) Goldschmidt, Aas, Z. phyaik. Chem. 112, 434-436 (1924). (82) Larsson, Z. phyaik. Chem. 
A-169, 209 (1934). (83) Mason, Kilpatrick, J. Am. Chem. Soc. 59, 572-578 (1937). (84) 

LaMer, Downes, J. Am. Chem. Soc. 55, 1840-1864 (1933). (85) Griffiths, J. Chem. Soc. 1938, 

818-823. (86) Verhoek, J. Am. Chem. Soc. 58, 2577-2584 (1936). (87) M. Kilpatrick, M. L. 

Kilpatrick, Chem. Reva.t 13, 131-137 (1933). (88) Bateman, Comad, J. Am. Chem. Soc. 87, 
2553-2560 (1915). (89) Jones, Werner, J, Am. Chem. Soc. 39, 418 (1917). (90) Troeger, Ewers, 
J. prakt. Chem. (2) 58, 125-127 (1898). 

(91) Kaufler, Herzog, Ber. 42, 3870 (1909). (92) Friedrich, Ann. 206, 254-256 (1880). (93) 

Beckurts, Otto, Ber. 14, 578-583, 585 (1881). (94) Fogel, Rubinsztein, Tauman, Roczniki 

Chem. 9, 348-353 (1929); Cent. 1930, II 227; C.A. 23, 3900 (1929). (95) Morgan, Cahen, J. 
Chem. Soc. 91, 477-478 (1907). (96) Karl, Z. anorg. aUgem. Chem. 68, 59 (1910); Ber. 43, 2070 

(1910). (97) Lobanow, Roczniki Chem. 5, 444 (1925); Cent. 1926, II 1390; C.A. 20, 3139 (1926). 
(98) Doughty, J.^^m. Chem. Soc. 47, 1095-1098 (1925). (99) Wheeler, Smith, J. Am. Chem. Soc. 
45, 1994-1998 (1923). (lOO) Adelson, Pollard, J. Am. Chem. Soc. 58, 532 (1936). 

(101) Michael, J. Am. Chem. Soc. 41, 415 (1919). (102) Liston, Dehn, J. Am. Chem. Soc. 60, 
1264-1265 (1938). (103) Otto, Beckurts, Ber. 14, 1618-1619 (1881). (104) Frankland, Patter- 

son, J. Chem. Soc. 73, 187 (1898). (105) Boesekon, Rec. trav. chim. 29, 9^100 (1910). (106) 
Blaise, BvU. soc. chim. (4) 15, 729 (1914). (107) Carr6, Libermann, Compt. rend. 199, 1423 

(1934). (108) Clark, Bell, Trans. Roy. Soc. Can. (3) 27, III, 97-103 (1933). (109) Mills (to 

Dow Chem. Co,), U.S. 1,921,767, Aug. 8, 1933; Cent. 1933, II 2595; C.A. 27, 5085 (1933). (110) 
Mills (to Dow Chem. Co ), U.S. 1,965,556, July 3, 1934; Cent. 1934, II 2899; C.A. 28, 5474 (1934). 

(Ill) Brown, J. Am. Chem. Soc. 60, 1325-1328 (1938). (112) Dorris, Sowa, Nieuwland, 
J. Am. Chem. Soc. 56, 2689-2690 (1934). (113) Andreasov, Ukraln. Khem. Zhur. 4, Sci. pt. 
93-94 (1929); Cent. 1929, II 2175; C.A. 23, 4438 (1929). (114) Allen, Hibbert, J. Am, Chem. 
Soc. 56, 1399 (1934). (115) Hibbert, Greig, Can. J. Research, 4, 254-263 (1931). (116) Busch. 
Stove, Ber. 49, 1063-1068 (1916). (117) Petrenko-Kritschenko, Opotzky, Ber. 59, 2137 (1926). 
(118) Kailan, Kunzo, Monatsh. 71, 379-380 (1938). (119) Kunze, Z. phyaik. Chem. A-188, 
99-108 (1941). (120) Mugdan, Wimmer (to Consortium fUr Elektrochem. Ind.), Ger. 672,481, 
March 4, 1939; Cent. 1939, II 228; C.A. 83, 3817 (1939). 

(121) I.G., French 772,860, Nov. 7, 1934; Cent. 1935, I 3850; C.A. 29, 1437 (1935). (122) 
Pool, Pharm. Weekhlad 42, 165-168 (1904); Cent. 1905, I 1006. (123) Helferich, Russe, Ber. 56, 
762 (1923). (124) Scheibler, Schmidt, Ber. 69, 14 (1936). (125) Johni^n, Cretcher, J. Am. Chem. 
Soc. 37, 2147-2148 (1915). (126) Wohl, Lange, Ber. 41, 3612-3614 (1908). (127) Traube, 
Ber. 40, 4949 (1907). (128) Scheibler, Baumann, Ber. 62, 2060 (1929). (129) Auwers, Haymann, 
Ber. 27, 2795-2796 (1894). (130) van Alphen, Rec. trav. chim. 46, 148 (1927). 

(131) Philipp (to Chem. Fabrik von Heyden), Ger. 561,281, Oct. 12, 1932; Cent. 1933, I 2280; 
(C.A. 27, 1008 (1933)]. (132) Wolfram, Schornig, Hausddrfer (to I.G.), Ger. 562,391, Nov. 1, 
1932; Cent. 1933, I 849; C.A. 27, 734 (1933): Brit. 330,916, July 17, 1930; Cent. 1930, II 2054; 
[C.A. 24, 6031 (1930)]: French 688,964, Sept. 1, 1930; Cent. 1931, I 2677; [C.A. 25, 971 (1931)]. 
(133) Burtner, Cusic, J. Am. Chem. Soc. 65, 265 (1943). (134) SchmidUn, Massini, Ber. 
2386 (1909). (135) Boyle, McKenzie, Mitchell, Ber. 70, 2159 (1937). (136) Hantzsch, WUd, 
Ann. 289, 294-295 (1896). (137) Inglis, Knight, J. Chem. Soc. 93, 1596 (1908). (138) Ostromys- 
slensky, Ber. 40, 4973-4979 (1907). (139) Ostromysslensky, Ber. 41, 3022-3026 (1908). (140) 
Heller, Ann. 375, 262-284 (1910). 

(141) Heller, Ann. 332, 268-275 (1904). (142) Heller. Ann. 358, 349-373 (1908). (143) 
Meyer, Bar. 16, 924-926 (1883). (144) Meyer, Ber. 10, 2262-2264 (1883). (145) Duisberg, 
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Ber. 18, 190-193 (1885). (146) Zeller, Stevens (to Merck and Co., Inc.), U.S. 2,158,098, May 16, 
1939; Ccni. 1939, II 4355; [C.A. 33, 6350 (1939)]. (147) Hartmann, Moffett, Dickey, Org. 
Syntheaea, CoU. Vol. 2 (1st ed.), 22 (1943); 13, 3 (1933). (148) Busch, Achterfeldt, Seufert, 
J. prakt. Chem. 92, 1-40 (1915). (149) Doughty, J. Am. Chem. Soc, 41, 1130 (1919). (150) 
Seubert, Ber. 21, 283 (1888). 

(151) Crompton, Triffitt, J. Chem. Soc. 119, 1875 (1921). (152) Kunckell, Johannsen, B&r. 31, 

171 (1898). (153) Lundqvist, J. Am. Chem. Soc. 69, 2000 (1938). (154) Veibel, Ottung, BuU. 
aoc. chim. (5) 6, 1435 (1939). (155) Taylor, Forscey, J. Chem. Soc. 1930, 2276. (156) McKie, 
J. Chem. Soc. 123, 2214-2217 (1923); 125, 1076-1079 (1924). (157) Votocek, Burda, Ber. 48, 

1005-1006 (1915). (158) Buehler, Mackenzie, J. Am. Chem. Soc. 69, 421-422 (1937). (159) 

Beamer, Clarke, Ber. 12, 1067 (1879). (160) Lyons, Reid, /. Am. Chem. Soc. 39, 1742 (1917). 

(161) Lundqvist, J. Am. Chem. Soc. M, 2000 (1938). (162) Dermer, King, J. Org. Chem. 8, 
168-173 (1943). 


TRICHLOROACETIC ACID CI3C.COOH C2HO2CI3 


B.P. 196° M.P. 57° 

See 3 : 1 150. Division A : Solids. 

3:6210 ACETALDEHYDE Ws-(^- C6H12O2CI2 

CHLOROETHyL)ACETAL CH3.CII(0.CH2.CH2C1)2 
{a,a-b%8~ (/S-Chloroethoxy )ethane) 

B.P. 194^196° dec. (2) D}| = 1.1713 (2> nj? * = 1.4533 (2) 

109-110° at 30 mm. <1) 

106-108° at 17 mm. (2) 

106-107° at 14 mm. (3) 

Colorless liq. with odor resembling dichloroacetaldehyde diethylacetal (3:6110). 

[For prepn. of C from ethylene chlorohydrin (3*6552) with acetaldehyde (1:0100) + 
dry HCl (36% yield (2)) see (2) (1); with acetylene -f- BF3 (71% yield) see (3).] 

3:6210 (1) Street, Adkins, J. Am. Chem. Soc. 60, 162-167 (1928). (2) Grignard, Purdy, Bull, 

aoc. chim. (4) 31, 985-986 (1922). (3) Nieuwland, Vogt, Foohoy, J. Am. Chem. Soc. 62, 1018- 

1024 (1930). 


3:6215 2-CHLORO-4-METHyLPHENOL OH C7H7OCI 

(2-Chloro-p-cresol) 

Beil. VI - 403 
VIi- 
Vl2-(383) 


CTs 


BJ>. 195-196° at 760 mm. (2) 
197-198° at 738 mm. 
195-197° <10> 

24'^ = 1.1785 (10) 
jail = 1.3106 (1) 

= 1.5300 (10) 


Clear odorless liq. with characteristic disagreeable persistent odor. — Slightly sol. aq . ; 
sol. ale., ether, CeHe. 

[For prepn. from 2°H:hloro-4-methylaniline via diazo reaction see (3); from sodium p- 
cresolate in CS2 see (1); from p-cresol with CI2 in CCI4 (4) or with SO2CI2 (77% yield (10)) 
see indie, refs.] 

C in 5 pts. AcOH and treated with 2 pts. cone. HNOs (D = 1.4), or C dislvd. in 10 pts. 


Beil, n - 206 
ni.( 92) 
Il2-(196) 


Ben. S.N. 79 
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AcOH and grad, treated with powd. NaN 02 (5), yields on pptn. with aq. 2-chloro-4-methyl- 
6 -Ditrophenol [Beil. VI-413], golden-yel. ndls. from dil. ale. or dil. AcOH, m.p. 65® <5). 
[Note that addition of C to fumg. HNO 3 (D =* 1.5) leads to its oxidn. (evoln. of nitrous 
fumes), nitration, and wandering of methyl group ( 6 ).] 

The methyl ether of C [Beil. VI-403], 2-chloro-4-methylani8ole, b.p. 215-218® cor. at 
760 mm., has been prepd. only indirectly. 

(g) 2-Chloro-4-methylphenyl benzoate: pi. from pet. eth., m.p. 71-72® (7). [This 
benzoate htd. with 0.7 of its wt. of AICI 3 for 10 min. at 140® gives by Fries rearrange- 
ment 92% yield ( 8 ) of 2-hydroxy-3-chloro-5-methylbenzophenone, ycl. Ifts. from 
MeOH, m.p. 71° (8) cf. (9).] 

3:6215 { 1 ) Schall, Dralle, Ber. 17 , 2528-2.529 (1884). (2) Klarmann, Shternov, Gates, J. Am. 

Chem. Soc. 55 , 2585 (1933). (3) Cain, Norman, J. Chem. Soc. 89 , 24 (1906). (4) Zincke, Ann. 

328 , 277 (1903). (5) Zincke. Ann. 328 , 311-312 (1903). (6) Zincke, Ann. 328 , 314 (1903), 

(7) von Auwers, Ber. 44 , 801 (1911). (8) Rosenmund, Schnurr, Ann. 460 , 86 (1928). (9) von 

Auwers, Mauss, Ann. 464 , 310 (1928). (10) Sah, Anderson, J. Am. Chem. Soc. 63 , 3165 (1941). 

3:6220 / 3 , 7 -DICHLORO-n-PROPYL ACETATE C 5 H 8 O 2 CI 2 Beil. H - 129 

(Glycerol a,/ 8 -dichlorohydrin CH 2 CI ni-( 58) 

a-acetate, 7 -aceto-a,/ 3 -dichlorohydrin) 112 — 

(!:h2.o.co.ch3 

B.P. 197-198“ (1) D\1 = 1.167» (3) 

191-198“ cor. at 766 mm. (2) 

116-190“ at 40 mm. (3) (4) 

89-91° at 16 mm. (5) 

81-83® at 12 mm. (21 

[For prepn. of C from 2,3-dichloropropanol-l (“ /3-dichlorohydrin ”) (3:6060) with 
AC 2 O see (3); from glycerol a,a'-diacetate with PCls or S 2 CI 2 see (2); from allyl chloride 
(3:7035) with acetyl hypochlorite see ( 6 ).] 

C on keeping decomposes, perhaps by hydrolysis ( 2 ). [For study of hydrolysis with 
AT/ 10 HCl see (1).] — C with McOH -j- trace HCl gives by alcoholysis (5) ( 6 ) 2,3-dichloro- 
propanol -1 (3:6060) 4- MeOAc. 

3:6220 (1) Bancroft, J. Am. Chem. Soc. 41 , 425 (1919) (2) Wegseheider, Zmerzlikar, Monatah. 

34 , 1074-1079 (1913). (3) de la Acena, Compt rend. 139 , 868 (1904). (4) Gibson, J. Soc. Chem. 

Jnd. 50 , 950 (1931). (5) Delaby, Dubois, Bull, soc. chim. (4) 47 , 572 (1930). (6) Bockemiiller, 

Hoffmann, Ann. 519 , 189-190 (1935). 

3:6230 /8-CHLOROETHYL CHLOROACETATE C 4 H 6 O 2 CI 2 BeU. H-IOS 

CICH 2 CH 2 .O.CO.CH 2 CI Hi— 

Hr- 

B.P. 197-198® (1) DZ = 1.317 (1) 

94r-95® at 12 mm. (3) 

[For prepn. from ethylene chlorohydrin (3:5552) -f chloroacetyl chloride (3:5235) see 
(1); for prepn. from ethylene oxide (1:6105) -f chloroacetyl chloride see (3).] 

C on boiling with aq. hydrolyzes to jS-chloroethanol (3 : 5552) and chloroacetic ac. (3 : 1370). 

3:6230 (l) Henry, BuU. soc. chim. (2) 42 , 260 (1884), (2) Mulder, Bremer, Ber., 11 , 1960 (1878). 
(3) Altwegg, Landrivon, U.S. 1,393,161, Oct. 11, 1921; Cent. 1922 , IV 947. 
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3:6940 BENZOYL CHLORIDE 




BdL IX - 189 
Ki-( 04) 


B.P. 



M.P. 


199® 

at 760 mm. 

(1) 

-0.6° (4) 

X)?® “ l.»070 (20) 



<26) 

(22) 

1 ^® = 1.6520 (9) 

198.3® 

at 749.4 mm. 

(1) 

-0.6° (3) 

1.6608 (20) 

198-198.3 cor. 

at 749.4 mm. 

<2) 

-1.0° (1) 

* = 1.2106 (24) 

197.9® 


(3) 

(23) 

nf?* = 1.55376 (24) 

197.3® 

at 764 mm. 

(4) 


= 1.2122 (14) 

197.91® 

at 760 mm. 

<5) 


1.2113 (4) 

197.9®-197.3® 


(6) 


nl,® = 1.55369 (14) 

197.9® cor. 

at 760 mm. 

<7» 


1.55364 (3) 

197.1-197.6® 


<8) 


1.5636 (4) 

197® 


(9) 


Bi® = 1.2188 (25) 

196.8-197.0® 

at 764 mm. 

(10) 


ni>® *= 1.55799 (25) 

196.9-196.5® cor. 

at 761.3 mm. 

(ll) 



196.8® cor. 

at 746 mm. 

(12) 



194.5-196® cor. 

at 746 mm. 

(13) 



193.9-194.1® 

at 742.2 mm. 

(14) 




100.5*“ 

at 

36.( 

\ mm. 

(10) 

83.47* 

“at 

16 

mm. 

(6) 

75® 

at 

10.6 mm. 

(10) 

96.1® 

at 

30 

mm. 

(10) 

89.5® 

at 

16.6 mm. 

(10) 

74® 

at 

10 mm. 

(10) 

94.5® 

at 

29 

mm. 

(10) 

89.10* 

“at 

16 

mm. 

(6) 

74.0-74.9® 

at 

9.6 mm. 

(8) 

99.5® 

at 

26 

mm. 

(10) 

80.59* 

*at 

14 

mm. 

(5) 

71® 

at 

9 mm. 

(10) 

93® 

at 

20 

mm. 

(15) 

79® 

at 

13 

mm. 

(10) 

77.8-78.0" 

at 

8 mm. 

(18) 

87.5® 

at 

20 

mm. 

(10) 

89® 

at 

12 

mm. 

(16) 

67.6>67.8® 

at 

7.6 mm. 

(19) 

87® 

at 

19.( 

i mm. 

(10) 

78.8® 

at 

10.6 mm. 

(17) 

49-50® 

at 

2.6- 



3.0 mm. (20) 

Note 1. For vapor press, 
of C for range T = 85.4- 
106.5® see also (21). 


MISCELLANEOUS PHYSICAL PROPERTIES OF C 
Binary Systems Containing C 

C -f inorganic compounds. C -f AlCk: m.p. 93® (22), 95® (26); for prepn. from 6 + 
AICI3 in CS 2 see (26); for thermal anal, (eutectic with C has m.p. —7.5® and conts. 87.3 
wt. % C) see (22); for conductivity of AiCls in C see (27); for study of mol. wt. in CeHg 
see (28). 

C “h AlBrz: m.p. 90® (22); for thermal anal, (eutectic with C has m.p. —5® and conts. 
77.8 wt. % C while eutectic with AlBrs has m.p. abt. 7-8® and conts. 21 wt. % C) see (22); 
see also (30). 

— C + FeCh: scarlet red hygroscopic ndls. (31); for conductivity see (28). 

C + ShCl%: for thermal anal, (eutectic with C has m.p. —23® and conts. 55 wt. % C) 
see (32). 

C + SbCl^: for prepn. see (34); for conductivity in liq. SO 2 see (33). 

C -f ShBr^: for thermal anal, (eutectic with C has m.p. —6® and conts. 68 wt. % C) 
see (32). 
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C 4* organic compounds. G -f for thermal anal, (eutectic has m.p. —26.8® and 
conts. 63.6 wt. % C) see (35). — C + jhxylene: for thermal anal, (eutectic has m.p. —18.5® 
and conts. 67.2 wt. % C) see (35). — C + mesitylene: for thermal anal, (eutectic has m.p. 
abt. —70® and conts. abt. 20 wt. % C) see (35). — G biphenyl: for thermal anal, 
(eutectic has m.p. —8® and conts. 81.8 wt. % C) see (35). — G diphenylmethane: for 
thermal anal, (eutectic has m.p. —15® and conts. 66.7 wt. % C) see (35). 

G 4" chlorobenzene: for thermal anal, (eutectic has m.p. —54.2® and conts. 19,3 wt. % C) 
see (35). — (? 4- nitrobenzene: for thermal anal, (eutectic has m.p. —20.5® and conts. *50 
wt. % C) see (35). 


PREPARATION OF C 

Note that comml. C is often contaminated with various chlorobenzoyl chlorides (e.g., 
o-chlorobenzoyl chloride (3:6640), 7w-chlorobenzoyl chloride (3:6590), p-chlorobenzoyl 
chloride (3:6550), etc.), with traces of benzaldehyde (1:0195), or with benzoic acid 
(1 : 0715) 4“ HCl from hydrolysis. For removal of BzOH 4- HQl from C by shaking its 
CeHe soln. with cold aq. 5% NaHCOa see (12); by treatment with metallic oxides or carbon- 
ates see (36). 

From benzoic acid. [For prepn. of C from benzoic acid (1:0715) with PCls (70% yield 
(37)) (10) (38), with PCI3 (39) (40) in pres, of ZnClg (77% yield (37)) or in pres, of a Uttle 
aq. at 100® under press. (41), with SOCI2 (90% yield (37)) (42), with SCI2 in CS2 (43), with 
SiCU directly (23% yield (44)) or in CeHe (77% yield (44)), with POCI3 4- alkaU chloride 
at elev. temp. (45), or with dry HCl 4- P2O6 at 200® (46) see indie, refs.] 

[For prepn. of C from benzoic acid (1 : 0715) with NaCl -|- Na or K pyrosulfate at 200® 
(47), or with Na chlorosulfonate (48) cf. (49), see indie, refs.] 

[For prepn. of C from benzoic acid (1:0715) with other organic acyl chlorides such as 
carbonyl chloride (phosgene) (3:5000) at 140-200® (50) or in pres, of tertiary bases (such 
as pyridine) or their salts (51), with oxalyl (di)chloride (3:5060) (98% yield (15)), with 
p-toluenesulfonyl chloride in pyridine (52), or with a,/3-dichloroethyl ethyl ether (3:5640) 
(53). see indie, refs.] 

From salts of benzoic acid. Note that with salts of benzoic acid more or less formn. of 
benzoic anhydride (1:0595) may occur. 

[For prepn. of C from NaOBz with POCI3 (2) {54), with SCI2 at room temp. (55) cf. (43), 
with SO2 4- CI2 (56), with Na chlorosulfonate (48) cf . (49), or with benzenesulfonyl chloride 
(57) see indie, refs.] 

[For prepn. of C from AgOBz with carbonyl chloride (3:5000) in s.t. at 100® see (58).] 

From dibenzoyl peroxide. [For prepn. of C from dibenzoyl peroxide (1:4930) with 
oxalyl (di)chloride (3:5060) refluxed in dark for 24 hrs. (70% yield (59)), with PCls in 
pet. ether (60), with AICI3 in CHCI3 at 0® (61) or in CeHe at 100® (62), or with FeCls in 
CeHe at 100® (62) see indie, refs.] 

From other benzoic acid derivatives. [For formn. of C from benzamide with dry HCl 
or AcCl at 140° see (63); from methyl benzoate (1:3586) with PCls at 160-180® (64) or 
from ethyl benzoate (1 : 3721 ) with PCle in s.t. at 140® (65) see indie, refs. ; from a,/3-dichloro- 
ethyl benzoate or frqpi a-chloroethyl benzoate on htg. in pres, of traces of ZnCh see (66); 
from benzoic anhydride (1 :0596) with PCI3 4- CI2 (67) or with carbonyl chloride (3:5000) 
(68) see indie, refs.] 

From benzaldehyde. [For formn. of C from benzaldehyde (1:0195) with SO2CI2 (5 
moles) on distn. (69), with S2CI2 in s.t. at 150° (107), with POCU in CoHc (70), with N<XJ1 
(71), with EtOCl (3:7022) (72), with ter-AmOCi (3:9287) (8.5% soln. in CCI4) at room 
temp, for 15 hrs. (73), or with 012 (91) (105) (106) see indie, ^s.] 
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From benzotrichloride. [For prepn. of C from benzotrichloride (3:6540) by partial 
hydrolysis with limited amt. of aq. in pres, of H2SO4 or FeCU (74), with aq. vapor over 
tin phosphate at 240® (75), with ord. comml. ZnCL at 120® (76) in pres, of limited aq. (77) 
(note that pure ZnCL fails to react but addn. of 1 mole aq. or initial use of tech. ZnCh 
gives C (76)), with pure ZnO at 100° (76), with BzOH in boilg. nitrobenzene (78) or in pres, 
of ZnCL (80), with NH4OBZ at 200-210° as directed (79), or with EtOH in pres, of FeCU 
or Fe (81) see indie, refs.] 

‘Note that benzotrichloride (3:6540) on heating with carboxylic acids or anhydrides, 
especially in pres, of ZnCl2, is often employed to prepare a mixture of C with the acid 
chloride corresponding to the acid or anhydride so employed, particularly in cases where 
the two acyl chlorides are readily separable. [E.g., note that benzotrichloride (3:6540) 
with phthalic anhydride (1:0725) (81) (82) or phthalic acid (1:0820) (83) + ZnCh at 
110-120® gives (96% yield (82)) C + (93% yield (82)) syw.-phthalyl (di)chloride (3 : 6900) ; 
benzotrichloride with AcOH (1 : 1010) in pres, of an acid cat. gives (84) (85) (86) (87) C -f- 
acetyl chloride (3:7065); for other examples see imder chloroacetyl chloride (3:5235), 
dichloroacetyl chloride (3:5290), trichloroacetyl chloride (3:5420), fumaryl (di)chloride 
(3:5875), and terephthalyl (di)chloride (3:2205). Similarly, benzotrichloride (3:6540) 
with salts of sulfonic acids yields C + the corresp. arylsulfonyl chlorides; e.g., benzotri- 
chloride with sodium /3-naphthalenesulfonate gives (88) 90% yield C 80% yield /3- 
naphthalenesulfonyl chloride.) 

From benzal (di) chloride. [For formn. of C from benzal (di) chloride (3:6327) with O2 
in u.v. light (89), with air in pres, of Ni at 160® (90), or with BzOH (1:0715) -j- CI2 at 
125-175® (91) see indie, refs.) 

From miscellaneous sources. [For formn. of C from benzyl ale. (1 : 6480) with CI2 (92) 
or with SOCI2 at 180® (103), from benzyl acetate (1:3751) with CI2 at 150-170° (104), 
from thiobenzoyl chloride + O2 at 100-120® (93), from benzonitrilc with NOCl at 180° (94), 
from tolan (diphenylacetylcne) with NOCl at 150-200° (95), from dibenzoyltartaric an- 
hydride PCls (3 moles) in s.t. at 130® for 3 hrs. (note that chlorofuraaryl dichloride is 
also formed) (96), from AjiV-dibenzoylaniline (dibenzanilide) with dry HCl at 250-270° 
(note that benzanilide is also formed) (97), from a-chloro-a-nitro-phenylacetamide on dry 
htg. (98), from phthalic anhydride (1:0725) -h HCl gas + CrCla or ZnClg at 290-300° 
under press. (99), or from CoHe (1:7400) with carbonyl chloride (phosgene) (3:5000) -f- 
AlCla (100) (101), or with oxalyl (di)chloride (3:5060) + AICI3 (102) see indie, refs.] 

CHEMICAL BEHAVIOR OF C 

Pyrolysis. [C in N2 through porcelain tube at 550-600° (108) or over Ni at 420° (109) 
cf. (110) gives CO, chlorobenzene (3:7903), and other products; C over finely divided 
Cu at 420-450° gives (110) benzoic anhydride (1:0595) + HCl; C over BaCl2 at 420-450° 
gives (110) benzoic anhydride (1 :0595) and other products. For study of effect of radium 
radiation at 2-12° over 7-8 month period see (13).] 

Reduction. [C with H2 in boilg. xylene in pres, of PtOa -f trace of thiourea (111), 
Pd/BaS04 (112), or powd. Ni (112), or C over Pd at 200-230° (113) cf. (114) gives (yields: 
96% (111), 87-89% (113)) benzaldehyde (1:0195); for study of purification of xylene as 
solvent for cat. reduction of C see (115); for study of influence of xs,rious other solvents 
see (116) (112).] 

[C with H2 in pres, of NiCL at 276-280° gives (110) benzene, toluene, biphenyl + HCl; 
C with copper hydride is claimed (1 17) to yield benzaldehyde but this could not be confirmed 
(118). C with chromous acetate in 50% KOH gives (very small yield (119)), benzyl ale. 
(1 : 6480), while C with LiH in high-boilg. pet. ether at 130° gives (presumably by subsequent 
condensation of the intermediate benzaldehyde) 65% yield (120) benzyl benzoate (1:4422).] 
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[C with Na/Hg -|- stream of dry HCl gives (121) benzyl ale. (1:6480) ; C with Na/Hg in 
dry ether gives (122) (123) (124) benzyl ale. (1:6480), benzoie aeid (1:0716), benzil 
(1:9015), a,a'-dil3enzoxystilbene (“ isobenzil ”) [Beil. IX-138], and a,a'-dibenzoxydibenzyl 
[Beil. IX-136]; C with Na in moist ether gives (125) benzyl ale. (1:6480), benzoie aeid 
(1:0715), and benzyl benzoate (1:4422).] 

Oxidation. [C on oxidn. in pres, of hydroearbon peroxides and various oxidn. eat. is 
claimed (126) to give dibenzoyl peroxide (1:4930); see also below under behavior of C 
with Na202.] 

Chlorination. [C on monochlorination with CI2 at 35® in pres, of FeCla gives (10) cf. 
(127) mainly a mixt. of chlorobenzoyl chlorides [83.5% m- (3:6590) + 14.5% o- (3:6640) + 
2.0% p- (3:6550)] accompanied by a small amt. of dichlorobenzo}^ chlorides; for extensive 
study of effect of using higher proportion of CI2 under otherwise same conditions see (128). 
Note, however, that C with 3 moles CI2 in s.t. gives (129) (130) a mixt. of addn. products, 
such as 1, 2,3,4, 5,6-hexachlorohexahydrobenzoyl chloride, substitution products, and 
materials formed by both addition and substitution (130).] 

Sulfonation. [C cannot be sulfonated without accompanying hydrolysis of the acyl 
chloride function (131) (132) (133) (134) (137); the end prod, of these sulfonation processes 
is, therefore, not m-sulfobenzoyl chloride (apparently still unknown cf. (135)) but rather m- 
sulfobcnzoic acid [Beil. XI-384, XIi-(98)]. However, C added to cone. H2SO4 at 0~40® 
gives (136) a cryst. addn. prod. C.H2SO4 w'hich on stdg. loses HCl forming benzoyl hydrogen 
sulfate [Beil. IXi-(94)] but shows no transformation into rn-sulfobenzoic acid even after 
6 months over dry alkali even though HCl is lost completely (136). At 100® conversion of 
benzoyl hydrogen sulfate occurred very slowly and the prod, consisted of oHSulfobenzoic 
acid (not meia) (136).] 

BEHAVIOR OF C WITH OTHER INORGANIC REAGENTS 

C with HF. [C with HF as directed (138) (139) or with dry KHF2 in Cu retort (140) 
(141) (142), with ZnF2 at 195® (11) (143), with AgF in s.t. at 190° for 6 hrs. (144), or with 
3 moles SbFa (145) gives (yields: 67-80% (140), 76% (145), 69% (11)) benzoyl fluoride, 
b.p. 161.5° at 745 mm. (142), 159° (139), 156° (146), 155-156° at 760 mm. (11), 155® (138), 
154-155° (143), 151® u.c. at 736 mm. (141), 145° (144). Note, however, that C with KF 
in anhydrous formic acid gives (147) formyl fluoride, b.p. 26° at 750 mm. (147), while C 
with KF in AcOH gives (147) acetyl fluoride, b.p. 20-22® (147).] 

C with HBr. [C with dry HBr gas at 100® gives (148) benzoyl bromide [Beil. IX-195, 
lXi-(95)], b.p. 218-219° cor. at 760 mm. (149), 215.0° at 741 mm. (150), 90-91® at 12 mm. 
(16), m.p. +8.r (160), 7?f = 1.6461 (150), nfj = 1.5900 (150).J 

C with HI. [C with excess HI at ord. temp. (148) (16), or C with Mg + I2 in dry ether 
(151), gives benzoyl iodide [Beil. IX-195, lXi-(95)], b.p. 109-109.5° at 10 mm. (148) cf. 
(16). Note that C with KI does not (152) give benzoyl iodide.] 

C with metals. [C with Na in dry ether stood 10 days at room temp, gives (86% yield 
(153)) (154) ethyl benzoate (1:3721) but C with Na/Hg in dry ether causes the reaction 
to take a more complicated course (see above under reduction of C). C with Na vapor 
gives (155) cf. (154) benzil (1:9015). C with K in xylene refluxed 2 days gives (153) 
benzoic anhydride (1:0595).] 

[For behavior of C with Zn in dry ether or in di-isoamyl ether at 20-32® see (156). For 
behavior of C with finely divided Cu or Ni at elevated temps, see above under p)Tolysis of C.] 

C WITH Various Metal Oxides or Salts 

C with Na202. [C with Na202 in water at 5® (157) cf. (159) or C with 30% H2O2 + aq. 
NaOH (158) cf. (159) gives (yields: 91% (157), 60-70% (158)) benzoyl hydrogen peroxide 
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(perbenzoic acid) [Beil. IX-178, IXi-(93)J, m.p. 42®. For other methods for prepn. of 
perbenzoic acid such as from dibenzoyl peroxide with NaOCHs in MeOH/CHCls (160) 
or with Na002H6 in EtOH/toluene (161), or from benzaldehyde in acetone with air (162), 
see indie, refs. For study of Na perbenzoate (157) and its use in purification (163) of 
perbenzoic acid see indie, refs.] 

[C with Na 202 in aq. at 0® (164) (165) or in aq. acetone (166), or C with aq. H 2 O 2 -f 
NaOH (167) or_aq. H 2 O 2 + iron-free Ca(OH )2 (168), or C with aq. Ba02.8H20 (169) 
(170) (171), or C with perbenzoic acid (see preceding paragraph) -f aq. NaHCOa (172) 
gives dibenzoyl peroxide [Beil. IX-179, IXi-(93)], m.p. 105®. For review of prepn. and 
properties of this prod, see also (173).] 

C with misc. salts. C on warming with various inorganic salts yields benzoic anhydride. 
[E.g., C with NaNOz (174) cf. (175) (176), with KNOs (177), with Pb(N 03)2 (178), with 
nitrates of other heavy metals (179), with NasP 04 . 12 H 20 in aq. soln. at 60® (180), with 
K 2 S 2 O 5 in pyridine (181), with Na 2 SOs in pyridine (183) in pres, of CeHe (181) cf. (182), or 
with BaO at 140-150® (184) gives benzoic anhydride (1 : 0595), m.p. 42®. For other methods 
of conversion of C to benzoic anhydride see above under pyrolysis of C and below under 
behavior of C with organic acids and their salts.] 

C with NaNs. [C with NaNa in aq. acetone at 0® (185), or in dry ether (186), gives 
(54.6% yield (185)) benzoyl azide (benzazide) [Beil. IX-332], m.p. 32® (185). Note that 
although this prod, readily explodes on htg. (187) (188) yet in inert solvents such as CeHe 
(194) it smoothly decomposes into N 2 and phenyl isocyanate (for study of mechanism see 
(189)); under certain circumstances the latter may be hydrolytically split to aniline cf. (190). 
For studies on decomposition of benzoyl azide by ultrasonic waves see (185) (193).] 

Hydrolysis op C 

C with cold aq. is slowly and with warm aq. rapidly hydrolyzed (105) to benzoic acid 
(1 *.0715) and HCl. [For study of rate of hydrolysis of C in ether with aq. at 20 - 22 ® (195) 
or at 0® (148), in 50% aq. acetone at 0® in pres, of H 2 SO 4 (196) cf. (198), in various other 
organic solvents immiscible with aq. (197) or with BaBr 2 . 2 H 20 at 158® (199) see indie, refs.] 

C with aq. alkali on warming readily yields (105) alkali benzoate 4- alkali chloride. 
Note that C in 50% aq. pyridine hydrolyzes much faster than in aq. NaOH or aq. Na 2 C 03 
(39) (use in determination of atomic weight of carbon by hydrolysis of C and pptn. of 
AgCl (39)). Note that rate of hydrolysis of C is 2000 times as fast (200) as that of benzyl 
chloride (3:8535). 

[Note that C in AC 2 O soln. behaves as an acid (201) and can be titrated (202) with 
NaOAc in AC 2 O.] 

Behavior of C with Various Inorganic Sulfur Compounds 

With H 2 S. [The behavior of C with H 2 S is disputed; on one hand C in dry pyridine 
treated with H 2 S at 5® and subsequently acidified is claimed (203) to give thiolbenzoic 
acid, C«H6.C0.SH [Beil. IX-419, IXi-(169)] (see next paragraph); on the other hand C 
refluxed in dry pyridine in stream of H 2 S is claimed (204) to yield dithiobenzoyl oxide 
(C6H6.CS)20, colorless cryst. from hot ale., m.p. 112 ®.] 

With KSH. [C with cold ale. KSH (from satn. of ale. KOH with H 2 S) gives (205) (206) 
(207) (209) (8) salt of thiolbenzoic acid, C«H6.CO.SH [Beil. IX-419, IXi-(169)], m.p. 24® 
(207) (208), b.p. 98.0-98.6® at 11-12 mm. (8), 61.0-61.3® at 0.05 mm. (8). Note, however, 
that this product is readily oxidized (dehydrogenated) to dibenzoyl disulfide (see below) 
by air or mild oxidizing agents, e.g., I 2 (209). C with NaSH (35% aq. soln.) in stream of 
air followed by H 2 O 2 as directed (210) (211), with ale. Na 2 S 2 at 5-10® (212), with K 2 S. 5 H 2 O 
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in acetone followed by I 2 /KI oxidn. (213), or with HSMgBr followed by air oxidn. (208) 
gives (65-70% yield (210)) dibenzoyl disulfide (Beil. IX-424J, cryst. from 1,2-dichloroethane 
(3:5130) (210) (211) (212), m.p. 128-129° (210) (211) (212); this prod, has considerable 
pharmaceutical interest as an antipruritic; for hydrolysis to benzoic acid as method of 
detn. see (210) (214).] 

Behavior of C with Various Inorganic Nitrogen Compounds 

With NH3. IC with cone. aq. NH4OH (215), with dry NH3 (105), with liq. NH3 (216), 
with solid (NH4)2C03 (217), or with KNH2 in dry ether (218) gives benzamide [Beil. 
IX-196, IXi-(96)], m.p. 130°; note that either the (NH 4 ) 2 C 03 (219) or KNH2 (218) methods 
may give also small amounts of iV-benzoylbenzamide (dibenzamide) [Beil. IX-213, IXi- 
(104)1, noi-P- 148°, and/or N,N-dibenzoylbenzamide (tribenzamide) [Beil. IX-214, IXi-(104)l, 
m.p. 207-208°. However, C with NH3 gas over AI2O3 at 490-500° gives (220) benzonitrile 
[Beil. IX-275, IXi-(121)l, b.p. 191°, m.p. -13°.] 

With NH 2 OH. [C in CeHe with free NH 2 OH (221), or C in CeHe with NH 2 OH.HCI + 
P 3 n:idine (221), or C in ether with NH 2 OH.HCI -f Na 2 C 03 (221), gives benzohydroxamic 
acid (N-benzoylhydroxylamine) [Beil. IX-301, IXi-(128)l, cryst. from EtOAc, m.p. 128°. 
Note that C with aq. NH 2 OH solns. ( 222 ) also gives side reactions which diminish yield 
and increase difiiculty of purification of prod.; also that C with NH 2 OH.HCI in toluene 
gives ( 222 ) benzohydroxamic acid benzoate (dibenzohydroxamic acid) [Beil. IX-303, 
IXi- (128)1 other products. For alternative method of prepn, of benzohydroxamic 
acid from ethyl benzoate (1:3721) with NH 2 OH.HCI 4* MeOH/KOH see (223); for review 
of utility of hydroxamic acids in org. qual. anal, see (224); for study of formn. of benzo- 
hydroxamic acid and its FeCls color reaction as method of detn. of hydroxylamine see (230).] 
With NH 2 .NH 2 . [C (1 mole) with N 2 H 4 .H 2 O (2 moles) in ether gives (225) benzhydrazide 
(AT-benzoylhydrazine) [Beil. IX-319, IXi-(129)], m.p. 112°, but this prod, is usually better 
obtd. from reaction of N 2 H 4 .H 2 O with MeOBz (1:3586) (226) or EtOBz (1:3721) (227) 
(225). C (1 mole) with N 2 H 4 .H 2 SO 4 (0.5 mole) + aq. NaOH (2.3 moles) as directed gives 
(66-75% yield (228)) i\^,N'-dibenzoylhydrazine [Beil. IX-324, IXi-(131)l, ndls. from 
AcOH (228) or EtOH (229), m.p. 237-238° (229).] 

BEHAVIOR OF C WITH ORGANIC REACTANTS 
Behavior of C with Hydrocarbons 

With cycloalkanes. [C with cyclohexane (1:8405) + AICI3 gives (19% yield (231)) 
phenyl 2-methylcyclopentyl ketone, b.p. 160-162° at 36 mm., D\^ — 1.0255, wj;) = 1.5380, 
accompanied by much benzaldehyde (1:0195) presumably formed from C by the hydrogen 
corresp. to coupling of 2 moles of cyclohexane.] 

With alkenes. [C with ethylene + AICI3 in special apparatus as directed gives (87-92% 
yield (232)) phenyl /3-chloroethyl ketone ()3-chloropropiophenone) (3:1115); cf. also (233).] 
With cycloalkenes. [C with cyclohexene (1 : 8070) -f AICI3 in CS2 gives by addition 
phenyl 2-chlorocyclohexyl ketone (234), which on dehydrochlorination in the pres, of 
AICI3 (234) or with ale. KOH (235) gives (40% yield (235)) phenyl cyclohexenyl ketone 
(tetrahydrobenzophenone), b.p. 147° at 8 mm., » 1.070, tid “ 1.5595 (235).] 

With alkynes. [For behavior of C with heptyne -1 (1:80^) in pres, of AICI3, ZnCh, 
SnCl 4 , BFa, etc., see (236).] 

With aromatic hydrocarbons. [C with CsHe in pres, of AICI3 gives (yields: 74% (237), 
71-74% (238)) (240) (241) (242) (243) (244) (245) benzophenone (1:5160), but best (239) 
prepn. of latter is from C^H# + CCI4 (3 : 5100) + AICI3. — For studies of substitution for 
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AICI 3 of FeCla <237) (238) (246) <247) <248), FeCls + AlCls <249), GaCls <260), TlCla <251), 
WCle <252), UCI 4 <262), ZrCU <253), Cr powder <254), ZnCl 2 <238), SbCL <255) (256), or 
SbBrs <257) see indie, refs. — C with CeHe in liq. HCl at 200 ® and 250 pounds press. (258) 
or in pres, of P 2 O 6 in s.t. at 180-200® (259) <260) gives small yield of benzophenone (1 : 5160). 
— C with CcDe -h AICI 3 in CS 2 gives (261) phenyl pentadeuterophenyl ketone, b.p. 160® 
at 15 mm. (corresp. oxime, m.p. 140®, does not depress m.p. of ordinary benzophenone 
oxime).] 

(C with toluene in pres, of AICI 3 gives (262) (263) (264) mainly phenyl p-tolyl ketone 
(1:5160) together with some phenyl o-tolyl ketone [Beil. VII-439, VIIi-(234)]. For 
studies of substitution for AICI 3 of FeCL (263), FeCla + AICI 3 (265), or SbCls (255) (256) 
see indie, refs.] 

[For reaction of C in pres, of AICI 3 with o-xylene (1:7430) (262), w-xylene (1:7420) 
(262) (266) (267), p-xylene (1 : 7415) (262), ethylbenzene (268) (266) (269), see indie, refs.] 

(C with biphenyl (1:7175) in pres, of AICI 3 gives (yields: 75% (270), 60% (271 » (272) 

(273) (274) (275) (276) (242) phenyl p-xenyl ketone (p-phenylbenzophenone) [Beil. VII-621, 
VIIi-(290)], scales from ale., m.p. 106® cor. (270), 106® (272) (273), 102-103® (275), 102® 
(271) (274), 101-102® (242), 101® (276); b.p. 413® at 758 mm. (271), 419-420® at 744 mm. 

(274) , 258® at 10 mm. (276) (corresp. oxime exists in two stereoisomeric forms (277), 
m.p. 200° and 173°, usual mixt. having m.p. 193-194° (278), 186-187° (271); corresp. 2,4- 
dinitrophenylhydrazone, m.p. 217-217.5® (271)); for use of P 2 O 6 (instead of AICI 3 ) in 
prepn. of 7 >-phenylbenzophenone (above) see (279). Note that the isomeric o-phenyl- 
benzophenone, m.p. 86-87°, has been prepared indirectly (280) ] 

[C with naphthalene (1:7200) in pres, of AICI 3 in CS 2 (28p (282) (283) (284) (285) (286) 
or without solvent at 150® (286), or in liq. SO 2 <287), or C with najihthalene in pres, of 
ZnCIj at 125® (286) cf. (288) (289) or of P 2 O 6 (289) (279) (259) (260), gives (yields: 85% 
(282), 52% (287)) mainly phenyl a-naphthyl ketone ( 1 -bcnzoylnaphthalene) [Beil. VII- 
510, VlIi-(283)], pr. from ale., m.p. 75.5-76° (276), 75.5® (282), 75-76® (281), 75® (283), 
b.p. 386® at 764 mm. (284), 222® at 8 mm. (276); note that this prod, is usually accompanied 
by some phenyl ^-naphthyl ketone (2-benzoylnaphthalenc) [Beil. Vll-511, VIIi-(283)], 
ndls. from ale., m.p. 82® (276) (289), 81-83® (281), b.p. 398° at 754 mm. (284), 225® at 8 mm. 
(276).] 

[For reaction of C with anthracene (1 : 7285) -f AICI 3 in CS 2 (277) (290) (291 ) (292) (293), 
or in nitrobenzene at — 10 ® (294), or without AICI 3 in boiling nitrobenzene (295) giving 
(yields: 85% (277), 78% (290)) 9-benzoylanthracene (a-anthraphenone) [Beil. Vll-538], 
cryst. from EtOAc, m.p. 145.5-146® (277), see indie, refs.; note, however, that for prepn. 
of this prod, use of benzoic anhydride (1:0595) (rather than C) is prtiferred (296). — For 
reaction of C with phenanthrene (1:7240) AICI 3 in CS 2 (297) (298) or in nitrobenzene 
(298) see indie, refs.] 

With heterocyclic parent nuclei. The behavior of C with furan (1:8015) in the pres, of 
Friedel-Crafts cat. has apparently not been reported [however, the prod, to be expected, 
viz., phenyl a-furyl ketone [Beil. XVII-348, XVIIi-(186)], b.p. 285° at 759 mm. (299), 
186® at 46 mm. (299), 164° at 19 mm. (299), Z>?? = 1.1732 (300), D\l = 1.1839 (299), 
nf) * 1.6055 (299), 1.5798 (300), has been obtd. (49% yield (301)) from benzoic anhydride 
(1:0595) with furan (1:8015) + SnCU in CeHe, and from furoyl chloride (3:8515) with 
CeHe in pres, of AICI 3 (299).] 

[C with thiophene in pres, of AICI 3 (302), SnCU (303) (304), P 2 O 6 (305), or a-thienyl- 
mercuric chloride (306) cf. (307) (308) gives (yields: 89-90% (302), 82.5% (304)) phenyl 
a4hienyl ketone [Beil. XVII-348, XVIIi-(187)], m.p. 56® (305) (307), 55.5-56® (306), 
55-56® (302), 55® (303) (304).] 
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Behavior op C with Organic Hydroxyl Compounds 

C with organic OH or SH compounds (or their metallic salts) gives in general the cor- 
responding benzoates. With phenols, however, there is also the additional possibility 
(according to the conditions employed) of either direct nuclear benzoylation or Fries rear- 
rangement of the benzoate esters to give phenolic ketones. 

Esterification of alcohols or phenols with C in presence of aqueous alkali comprises a 
general procedure first discovered by Lossen (309) and later developed and extended by 
Schotten, Baumann, and others. The reaction is* not restricted to the use of benzoyl 
chloride but covers acid halides in general, e.g., acetyl chloride, p-nitrobenzoyl chloride, 
3,6-dinitrobenzoyl chloride, benzenesulfonyl chloride, etc. 

For detailed quantitative study of the influence of conditions on the Schotten-Baumann 
reaction see (310); for study of its application to p-nitrobenzoyl chloride (311) or of 3,6- 
dinitrobenzoyl chloride (312) in the derivatization of alcohols in dilute aqueous solution 
see indie, refs. ; for study of substitution of the acyl halide by the corresponding anhydride 
see (313). 

Note that in general the yield of ester is improved by use of low temperature (0®-25") 
(310), by use of relatively concentrated solutions of both the hydroxyl compound and the 
alkali (310), and sometimes by additions of NaOAc or other salts. (311). 

With monohydric alcohols. C with monohydric ales, gives the corresponding alkyl 
benzoates. 

[E.g., C with MeOH (1:6120) gives methyl benzoate (1:3586), b.p. 199.6°, m.p. —12.5° 
(for study of rate of reaction at 0° and 25° see (18)). — C with EtOH (1:6130) gives ethyl 
benzoate (1:3721), b.p. 213.2°, m.p. —34.2° (for study of rate of esterification at 0° (17) 
or at 25° in various solvents (314) see indie, refs. — C with n-PrOH (1 : 6150) gives n-propyl 
benzoate (3:3917), b.p. 231°. — C with isopropyl ale. (1:6135) gives isopropyl benzoate 
(1:3766), b.p. 218.5° (for study of rate of esterification at 25° (6) or at 30° (11) (315) 
see indie, refs.).] 

[C with n-BuOH (1:6180) gives n-butyl benzoate (1:4104), b.p. 250.3°, m.p. —22.4°. — 
C with isobutyl ale. (1:6165) gives isobutyl benzoate (1:4006), b.p. 242.2° cor. — C with 
sec-BuOH (1:6155) gives (yields: 75% (316), 66% (317), 20% (318)) sec-butyl benzoate 
[Beil. IX-ir2, IXi-(03)], b.p. 234.5-235.5° cor. at 757 mm. (317), 148-151° at 50mm. (317), 
115-117° at 20° (319), 112-116° at 14 mm. (318), = 0.9945 ('n7), = 1.4933 (319). 

— C with ter-BuOH (1 : 6140) in pres, of pyridine gives (yields. 86% (320), 80% (321) (322)) 
ter-butyl benzoate [Beil. IXi-(64)l, b.p. 112° at 18 mm. (321), 91-92° at 8 mm. (323), 
91.3° at 7.5 mm. (320), 96° at 2 mm. (322); = 0.9928 (322); ^ 1.4896 (322) (321), 

n^ j= 1.4910 (320).l 

[C with n-AmOH (1:6205) gives w-amyl benzoate [Beil. IXi-(64)], b.p. 138-139° at 15 
mm. (316), 137-138° at 15 mm. (324). — C with isoamyl ale. (1:6200) gives isoamyl 
benzoate (1-4166), b.p. 262.3° cor. at 760 mm. — C with neopentyl ale. (1:5812) gives 
(325) neopentyl benzoate, b.p. 235-237° at 740 mm., 110-111° at 10 mm., — 0.9817, 
1.4875 (325).] 

C reacts with other alcohols and thiols similarly, but details cannot be tabulated here. 

With phenols. C can react with phenols in either or both of two modes; on one hand 
it can benzoylate the phenolic OH yielding the corresponding phenol benzoates (a list of 
the melting points of 88 phenols of Order 1 is given on page 638 of Vol. I of this series (326); 
for study of effect of structure on rate of benzoylation of various monohydric phenols see 
(329)); on the other hand C may under certain conditions effect the direct nuclear benzoyla- 
tion of phenols. Since the phenolic ketones thus formed may also be more or less readily 
obtained by catalyzed rearrangement of the phenol benzoates, the chemistry of the phenol 
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benzoates and their rearrangement products is so voluminous that it cannot here be given 
detailed discussion. [For extensive reviews of the Fries rearrangement (327) (328) of phenol 
esters (including the benzoates) see indie, refs.] 

With enols (or their metallic derivatives). With methyl acetoacetate. [C with the Na 
enolate of methyl acetoacetate (1 : 1705) gives (330) methyl or-benzoylacetoacetate, b.p. 
136-137® at 2 mm. (corresp. Cu enolate, blue-green ndls. from dioxane, m.p. 226-228®; 
corresp. semicarbazone, prepd. by indirect means, m.p. 166® (331)).] 

With ethyl acetoacetate. [C with the Na enolate of ethyl acetoacetate (1 : 1710) gives 
(yields: 74.8% (332), 67% (333), 63-75% (334) cf. (335) (337) ethyl a-benzoylacetoacetate 
(Bed. X-817, Xi-(396)], b.p. 202® at 50 mm. (335), 177-181® at 20 mm. (334), 175-176® si. 
dec. at 12 mm. (337), 169® si. dec. at 11 mm. (338), 165-167® at 10 mm. (333) (corresp. Cu 
enolate, m.p. 224® (336), 221-222® (339)). Note that this prod, upon cleavage of the 
acetyl group, e.g., with aq. NH4OH -f NH4CI, gives (77-78% yield (334» (332) ethyl 
benzoylacetate (1 : 1778), for alternative prepn. of which see (340). — Note, however, that 
two forms of the isomeric ethyl 0-benzoylacetoacetate are known (341); a liq. form, b.p. 
153-155® at 3 mm., prepd. from ethyl acetoacetate (1 : 1710) with C + pyridine, and a 
solid form, m.p. 42®, prepd. from the Cu enolate of ethyl acetoacetate (1 : 1710) with C in 
ether (for much further detail see (341)).] 

With acetylaceUme. (C with the Na enolate (342) or K enolate (343) of acetylacetone 
(1:1700) in ether gives (50% yield (343)) C-benzoylacetylacetone (a-benzoyl-a-acetyl- 
acetone) [Beil. VII-865, VIIi.(474)], m.p. 35® (342), 34-35® (:143), b p. 167® at 22 mm. (342), 
accompanied by some of the higher-melting form, m.p. 103® (342), 102-103® (343), of its 
benzoate [Beil. IX-156]; note that the lower-melting form, m.p. 66-67® (344), is obtd from 
a-benzoyl-<x-acetylacetone (above) with C in pyridine (344).] 

With henzoylacetone. [C with Na enolate of benzoylacetone (1:1450) under various 
conditions gives (345) (346) (347) cf. (348) a,a-dibenzoylacetone [Beil. VII-872, VIIi-(480)] 
(q.v. for constants of various enol and keto forms) and/or the corresp. benzoate [Beil. 
IX-167], m.p. 87-88® (349).1_ 

With dibenzoylmethane. [C with Na enolate of dibenzoylmethane (1 : 1480) gives (45% 
yield (350)) (351) (352) (353) tribenzoylmethane [Beil. VII-877, VIIi-(485)] (q.v. for 
constants of various forms) and/or the corresp. benzoate [Beil. IX-158], m.p. 121-122® 
(351).] 

Behavior op C with Ethers 

With aliphatic ethers. Acyl chlorides with aliphatic ethers do not react even at elevated 
temperatures (354) although acid bromides (e.g., acetyl bromide (355)) or acyl iodides 
(e.g., benzoyl iodide (356)) are able to effect cleavage into alkyl halides and alkyl esters. 
However, when acyl chlorides are heated with aliphatic ethers in the presence of certain 
metallic salts, cleavage of the ethers is more or less readily effected. Although the topic 
cannot here be pursued exhaustively, several examples are cited in the following text. 

[C with diethyl ether (1:6110) on htg. in pres, of ZnClz (354) (357) (358) (359) (360), 
SnCl4 (358), ZrCl4 (358), TiCh (358) (362), SbCU (358), FeCla (358) (361), AICI3 (358) (362), 
or SbCL (358) gives ethyl benzoate (1:3721); note, however, that use of BF3,.CuCl2, and 
SnCL gives only traces while SiCU, PCI3, PCU, BCI3, AsCls, or MgCh achieves no cleavage 
(358) of the ether. Note that by extension of the ZnCl2 method to use of 3,5-dinitrobenzoyl 
chloride a procedure for the identif. of ethers as the corresp. alkyl 3,5-dinitrobenzoates 
has been described (363) cf. (364).] 

With phenol ethers. With phenol ethers where no phenolic OH remains to interfere, 
C reacts in the pres, of suitable cat. in the Friedel-Crafts sense. Although the topic cannot 
here be pursued exhaustively, several examples are cited in the following text. 
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[C with methyl phenyl ether (anisole) (1 : 7445) 4- AICI 3 in CSa solution (81 % 3 deld <365)) 
(366) (367) cf. (368) (360) or without other solvent (369) gives mainly p-anisyl phenyl 
ketone (p-methoxybenzophenone) (1:5170), m.p. 62* (366) (367) (370), 61-62* (365) (369)', 
61* (371), b.p. 354-355® at 729 mm. (371); this prod, is accompani^ by some o-anisyl 
phenyl ketone (o-methoxybenzophenone) (1 : 5142), m.p. 39®, which is separable from the 
main prod, only by repeated recrystallization from Igr. (b.p. 40-60*) and ale. (369).] 

IC with ethyl phenyl ether (phenetole) (1 : 7485) -f AICI 3 in CS 2 soln.* (yields: 83% (372), 
73% (374)) (369) (366) (373) or without other solvent (369) gives mainly p-phenetyl phenyl 
ketone (p-ethoxybenzophenone) [Beil. VIII-159, VIIIi-(569)], m.p. 47-48® (374), 47* (369) 
(372), 46.5* (373), 38-39® (366), b.jf. 245-250* at 25 mm. (374), 227* at 21 mm. (373), 
215—225® at 15 mm. (373) (corresp. oxime, m.p. 135-136® (374)), accompanied by some 
o-phenetyl phenyl ketone (o-ethoxybenzophenone) which (although not further charac- 
terized) is liq. and readily separable.) 

[C with diphenyl ether (1 : 7125) + AICI 3 in CS 2 (375) (376) (374), or C with diphenyl 
ether (1 : 7125) + HgCl 2 at 150-160* (377) (27% yield), or C with phenyl 4-chloromercuri- 
phenyl ether at 150® (377), gives (yields: 97% (375), 95% (374), 70% (377)) p-phenoxy- 
benzophenone [Beil. VIII-159], m.p. 71® cor. (375), 70-71* (374), 66® (377) (corresp. oxime, 
m.p. 124° (374)); for further benzoylation of this prod, to 6is-(p-benzoylphenyl) ether, 
m.p_. 163-164®, see (376).] 

[C with methyl a-naphthyl ether (1 : 7630) -f AlCls in CS 2 (378) or in nitrobenzene (379) 
gives (84% yield (379)) 4-benzoyl-l-methoxynaphthalene, m.p. 82-83® (378), 81-82® (379); 
for high-press, hydrogenation of this prod, giving (84-86% yield) 4-benzyl-l-methoxy- 
naphthalene, m.p. 83-84®, see (379). — C with methyl /3-naphthyl ether (1 : 7180) -f AlCls 
in CSi gives (85% yield (380» l-benzoyl-2-methoxynaphthalene, m.p. 125° cor.; note 
that use of 1,1,2,2-tetrachloroethane as solvent is much less satisfactory (381). — C with 
ethyl oc-naphthyl ether (1:7635) -f AICI 3 in CS 2 gives (366) (382) 4-benzoyl-l-ethoxy- 
naphthalene [Beil. VIII-207, VIIIi-(586)], m.p. 74-75® (366), accompanied (383) by some 
4-benzoylnaphthol-l and other products. — The presumably analogous reaction of C 
with ethyl /3-naphthyl ether (1 : 7135) + AICI3 appears not to have been studied, and the 
expected l-benzoyl-2-ethoxynaphthalene is unreported.] 

Behavior op C with Actds (or Their Salts) 

With sodium formate. [C with NaOOCH on htg. (384) gives BzOH (1:0715), CO, 4- 
HCL] 

With acetic acid. [C with AcOH ( 1 : 1010 ) refluxed in pres, of charcoal (385), or in pres, 
of a tertiary base (386) even at ord. temp., or C with NaOAc on warming (387) cf. (388) 
(389) gives the mixed anhydride, CH 3 .CO.O.CO.C 6 H 6 [Beil. IX-163], accompanied by 
various other products. Note, however, that C with AcOH (1:1010) at 100 * for 3 hrs. 
gives (70% yield (147)) acetyl chloride (3:7065) while C with AC 2 O (1:1015) at 1(X)° for 
1 hr. gives (77% yield (147)) acetyl chloride (3:7065) accompanied by benzoic anhydride 
(1:0595). For prepn. of acetic-benzoic anhydride by other means, e.g., from benzoic acid 
(1:0715) with ketene (390), and for study of its use in Friedel-Crafts type reactions (391), 
see indie, refs.] 

With benzoic acid. [C with benzoic acid (1:0715) in s.t. at 160-200* for 12 hrs. (392), 
or at 220° under reduced press. (397), or with pyridine (389) (393), or C with NaOBz 
shaken with aq. (394) or htd. at 130* (395), gives benzoic anhydride (1:0595), m.p. 42*, 
b.p. 360*; for other modes of formn. of this prod, from C see above under behavior of C 
with various inorganic salts; for prepn. (72-74% yield) of benzoic anhydride (1:0595) 
from benzoic acid (1 :0715) by use of acetic anhydride (1 : 1015) see (396).] 
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With HCN. [C with dry HCN in pyridine + ether <398) (399) cf. (406), or C with HgCN 
(400) (401) <403) <404), AgCN <402), or CuCN <12), gives (yields: 78% <399), 60-65% <12)) 
benzoyl cyanide (phenylglyoxylic acid nitrile) [Beil. X-659, Xi-(314)], m.p. 34® <401), 
32.6-34® <403), 32-33® <12), b.p. 208-209® at 745 mm. <12), 207-210® <402), 206-208® <404), 
123® at 42 mm. <401), 99® at 19 mm. <405). Note that by the HCN /pyridine method 
<398) <399) <406) oy by reaction of C with aq. KCN <402) dimeric benzoyl cyanide [Beil. 
XIX-362], m.p. 99-100® <402), 95-96° <406), is also formed; further that benzoyl bromide 
with AgCN gives <402) a trimeric benzoyl cyanide, m.p. 195°.] 

With cyanate or thiocyanate salts. [C with K cyanate <407), KSCN <408), or NH4SCN 
<409) gives benzonitrile [Beil. IX-275, IXi-(121)l, 6.p. 191.3° at 760 mm., but C with 
Pb(SCN)2 at 160° <410), at 120® <413), or refluxed in CcH^ <411) <412) gives benzoyl iso- 
thiocyanate [Beil. IX-222, IXrl071, b.p. 119® at 10 mm. <412), ® - 1.2142 <412), 

= 1.6382 <412).] 

Behavior of C with Organic Nitrogen Compounds 

C reacts with primary and secondary amines to replace one of the amino hydrogen atoms 
by the benzoyl radical. The molecule of HCl thus split out will, of course, convert a 
second molecule of amine to its hydrochloride. In order to avoid this waste of amine, the 
benzoylation may be effected in the presence of aqueous alkali (Schotten-Baumann reaction) 
or of pyridine (Einhorn reaction). Since the number of amino compounds which undergoes 
benzoylation is legion, the present text will be restricted to a relatively few important cases. 

With aliphatic primary amines. [C with aq. CHaNH2 <414) in pres, of alk. <415) gives 
N-methylbenzamide [Beil. IX-201, lXi-(97)], cryst. from ale. <416), aq. <417), or Igr./CeHe 
(418), m.p. 82® <416), 80-81® <418) <419), 79.8® <417), 79® (414), 78® (416), b.p. 291® at 765 
mm. <419), 167° at 11 mm. <420). — C with aq. C2H6NH2 (414) gives N-ethylbcnzamide 
[Beil. IX-202, IXi-(97)J, ndls. from aq., m.p._71® (419), 70® (421), 69® (417), 68-69® (414), 
67® (420), b.p. 285® at 745 mm. (419). — C with n-C3H7NH2 presumably yields N-Cn- 
propyl)benzamide [Beil. IX-203, IXi-(07)l, cryst. from ale. or CeHe, m.p. 84.6® (419), 
83® (422), b.p. 294-295® si. dec. (422), but this product has been reported only by other 
methods (419) (422). — C with n-C4H9NH2 presumably gives N-(n-butyl)benzamide but 
this product has been characterized only as an oil cf. (423). — C with isobutylamine -f aq- 
NaOH<416) cf. (424) gives N-(isobutyl)benzamide [Beil. IX-203, IXi-(97)], ndls. from CeHe, 
CHCla, ale., or Igr.), m.p. 57-58® (416), 57® (419), 55® (424), 54® (422), b.p. 295-296® si. dec. 
at 760 mm. (419), 173-178® at 13 mm. (416). — C with SCC-C4H9NH2 should give N~{sec- 
butyl )benzamide but the d,l-form of this product is unreported; note that its dextrorotatory 
form has been reported as m.p. 92° (425) or 86-88® (426); the levorotatory form as m.p. 
88-89® (425). — C with ^er-C4H9NH2 in ether (427) (428) gives jV-(ter-butyl)benzamide 
[Beil. IXi-(97)], ndls. from ether/CeHs, m.p. 136.5® (428), 135.5® (427), 134-135® (429), 
134® (430). Note that dibenzoylation does not occur and that N-methyldibenzamide 
[Beil. IXi-(104), m.p. 94-95® (435), and N-ethyldibenzamide [Beil. IX-214], m.p. 101-102® 
(436), have been prepared only by indirect means.] 

With aliphatic secondary amines. [C with (CH3)2NH in ether (431), in aq. (414), or 
in aq. NaOH (405) gives iV',N-dimethylbenzamide [Beil. IX-201, IXi-(97)l, cryst. from 
CS2/pet. ether (405), m.p. 43® (405), 41-42® <431), 41® (414), b.p. 272-273® (420), 265- 
266® (432), 132-133® at 15 mm. (432).— C with (C2H6)2NH in ether (431) gives N,N- 
diethylbenzamide [Beil. IX-202], liquid, b.p. 280-282® cor. (431), 278-282® (433), 173-175® 
at 35 mm. (434). — Note that the analogous N,N-dialkylbenzamides to be expected from 
reaction of C with di-n-propylamine, di-isopropylamine, di-n-butylamine, di-isobutylamine, 
di-eec-butylamine, and di-ter-butylamine have not been characterized.] 

^th aromatic primary amines. See below under ®’s. 
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With aromatic secondary amines. C with aromatic secondary amines gives the cor- 
responding i^-benzoyl derivatives but note that these same products are frequently also 
obtained by reaction of C with the appropriate tertiary amines. 

[C with i\r-methylaniline (437), or 0 with W,jV-dimethylaniline at 190® (438), gives W- 
benzoyl-W-methylaniline (iV-methylbenzanilide) [Beil. XII-269], scales from Igr., m.p. 63® 
(438), 59® (437), b.p. 331-332® (439). — C with iV-ethylanihne (not actually reported) 
or C with iV’,iV-diethylaniline at 200® (438) gives iV’-benzoyl-A^-ethylaniline (iV-ethylbenzan- 
ilide) [Beil. XII-270], cryst. from ether + Igr., m.p. 54® (440), 52® (441), 60® (438).] 

[C with iV-methyl-o-toluidine should yield iV-benzoyl-iV-methyl-o-toluidine (W-methyl- 
benzo-o-toluidide) [Beil. XII-796], pr. from ether/lgr., m.p. 65-66®, and C with iST-ethyl-o- 
toluidine should yield .A/’-benzoyl-iV-ethyl-o-toluidine (.^-ethyl-bcnzo-o-toluidide) [Beil. 
XII-796], pr. from ether/lgr., m.p. 71-72®, but both these products have been reported 
only by indirect means (442). — The analogous products to be expected from C with 
N^-methyl (or ^-ethyl)-m-toluidine, or C with JV-methyl (or ^-ethyl)-p-toluidine, have 
not been characterized in the literature.] 

[C with iV-methyl-a-naphthylamine should yield iV-benzoyl-iV^-methyl-a-naphthylamine 
[Beil. XII-1234J, cryst. from CsHe/lgr., m.p. 121®, but this prod, has actually been reported 
only from C with Ar,iV-dimethyl-a-naphthylamine at 170-190® (438). — Similarly, C with 
i^-methyl-^i-naphthylamine + aq. alk. yields (443) A^-benzoyl-iV-mcthyl-/3-naphthylamine 
[Beil. XII-1287, XIli-(539)j, ndls. from pet. eth., m.p. 84® (443); this prod, is also claimed 
(438) from iV',^-dimethyl-/3-naphthylamine at 170-180® but the m.p. of 169® is not in 
accord with the later work under mild conditions and presumably represents an isomeric 
material. — The analogous benzoyl derivatives of A^-ethyl-a-naphthylamine and of N- 
ethyl-/3-naphthylamine are unreported.] 

[C with diphenylamine on warming (444) in ether soln. (445) gives A/^-benzoyldiphenyl- 
amine (iV’,W-diphenylbenzamide) [Beil. XII-270, Xlli- (201)], cryst. from ale., m.p. 180® 
(435), 179-180® (446), 177® (447).] 

C with heterocyclic secondary amines. C with piperidine [Beil. XX-6, XX i- (5)] directly 
(536) or better in aq. NaOH (537) (538) (539) gives (87-91% yield (537)) AT-benzoyl- 
piperidinc [Beil. XX-46, XXi.(15)], m.p. 49® (540), 48® (538), 44® (537); b.p. 320-321® (541), 
240-244® at 130 mm. (537), 195® at 25 mm. (541), 180-184® at 20 mm. (537), 172-174® at 
12 mm. (537); not volatile with steam (538). [Note that this prod, with PBrs (542) (643) 
(544) (545) (546), with PBra -f Br2 (547), or with PCI3 Br2 (548) comprises an important 
method of preparation of pcntamethylcne dibromide (l,5-<libromopentane).l 

C with morpholine [Beil. XXVII-5] in ether gives (549) iV-benzoylmorpholine, eas. sol. 
aq., pr. from dry ether, m.p. 74-75® (549). 

C with aromatic diamines. [C with o-phenylenediamine [Beil. XIII-6, XIIIi-(5)] in 
aq. NaOH (448), or C with o-phenylenediamine hydrochloride in aq. soln. (449), gives 
iV,iV^'-dibenzoyl-o-phenylenediamine [Beil. XIlI-21, XIllr(8)], ndls. from AcOH, m.p. 301® 
(450), about 300® dec. (451). — Note that this prod, on htg. above m.p. (450), or on htg. 
with cone. HCl in s.t. at 200° (449), gives 2-phenylbenzimidazole [Beil. ]5KIII-230, XXIIIi- 
(61)], m.p. variously reported around 290®, which latter, although stable toward C at 260® 

(452) , yet with C -p aq. NaOH in cold (450) reverts to iV,iV'-dibenzoyl-o-phenylenediamine 
(above). — Note that iV-benzoyl-o-phenylenediamine [Beil. XIII-20, XIIli-(8)], m.p. 140® 

(453) , has been reported only by indirect means (463) (454); on htg. 2 hrs. at 140® followed 
by a few minutes at 280® (455) it gives 2-phenylbenzimidazole (see above). — Note finally 
that 1-benzoylbenzimidazole [Beil. XXIII-133, XXIIIi-(35)], m.p. 93-94® (466), 91-92® 
(450), on htg. with C (457), or benzimidazole itself with C -h aq. NaOH (450), both give 
N,iV'-dibenzoyl-o-phenylenediamine (above) .] 

[C with hydrochloride of m-phenylenediamine [Beil. XIIl<-33, XIIIi-(lO)] on htg. gives 
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(458) iV'»jY'-dibenzoyl-«m«phenylenediamine [Beil. XIII-46], ndls. from AcOH^ m.p. 240'’ 
(468) (460); for behavior of this prod, with PCI5 see (459). — Note that N-benzoyl-m- 
phenylenediamine (benz-m-aminoanilide) [Beil. XlII-46], m.p. 125^ has been reported 
only by indirect means (461) (462) (464).] 

[C with p-phenylenediamine [Beil. XIII-61, XIIIi-(18)] + aq. NaOH (448) cf. (463) 
gives NjN'-dibeDzoyl-p-phenylenediamine [Beil. XIII-98], m.p. above 300® (448) cf. (460); 
for behavior of this prod, with PCU see (459). — Note that N-benzoyl-p-phenylenediamine 
(benz-p-aminoanilide) [Beil. XIII-98, XIIIi-(31)l, m.p. 128° (452) (464), has been reported 
only by indirect means (452) (464).] 

C with aminophenols. G with o-aminophenol [Beil. XIII>354, XIIIr(108)] gives ac- 
cording to circumstances one of the two possible monobenzoyl derivatives, viz., o-(benzoyl- 
amino)phenol [Beil. XIII-372, XIIIi-(115)] (or its ring-closure product, 2-phenylbenzoxa- 
zole-1,3 [Beil. XXVII-72, XXVIIi-(235)]), or the dibenzoyl derivative, viz., o-benzoylamino- 
phenyl benzoate [Beil. XIII-373], as more fully described below. Note, however, that the 
other monobenzoyl derivative of o-aminophenol, viz., 0-benzoyl-o-aminophenol or o- 
aminophenyl benzoate, known only as its hydrochloride, m.p. 149® (465), has been prepared 
only by indirect means (465) viz., from (dibenzoyl )-o-aminophenol, and on heating, 
or even on recrystn., loses HCl giving (465) 2-phenylbenzoxazole-l,3. 

[C (1 mole) with o-aminophenol (2 moles) in dry ether (466) gives o-(benzoylamino)- 
phenol (N-benzoyl-o-aminophenol), tbls. from MeOH (465), Ifts. from CeHe, m.p. 169-171° 
U.C. (465), 169® (467), 167® (468) (corresp. acetate, m.p. abt. 140® (469) cf. (470); corresp. 
benzoate, m.p. 182® (470) (also below) ; corresp. benzenesulfonate, m.p. 90.5-91.0 (471)). — 
Note that this prod, on htg. above m.p. loses H2O with ring closure yielding (468) 2-phenyl- 
benzoxazole-1,3, m.p. 103® (see below). — Note also that o-(benzoylamino)phenyl benzoate 
(above) with C in nitrobenzene refluxed 12 hrs. gives (479) o-(dibenzoylamino)phcnyl 
benzoate, m.p. 170.5-171.5® (479).] 

[C with o-aminophenol on warming, followed by distn. of reaction product (472), or C 
with o-aminophenol hydrochloride (468) (473) gives 2-phenylbenzoxazole-l,3, ndls. from 
dil. ale., Ifts. from dil. HCl or dil. H2SO4, m.p. 103® (468) (472) (473) (474), volatile with 
steam, b.p. 314-317° (472) (corresp. B.PkOH, m.p. 104° (477), corresp. Mel quaternary 
salt, m.p. 196° dec, (478)).] 

(C (2 pts.) with o-aminophenol in aq. NaOH (448) or in pyridine 4- CHCls (465), or C 
with o-aminophenol hydrochloride in CeHs at 100® (468), or C + aq. NaOH with o-formyl- 
aminophenol (480), o-(acetylamino)phenol (481), or ©-(benzoylamino) phenol (467), gives 
0,N-dibenzoyl-o-aminophenol (o-benzoylaminophenyl benzoate), ndls. from ale. (480) or 
EtOAc (465), m.p. 185® (467), 183-184.5® (480), 182-183® (482), 181-182° (476), 180® (481), 
179® u.c. (465). — Note that this prod, on boilg. with aq. BaCOa (468) or for 2 days with 
ale. HCl (483) hydrolyzes at the ester leakage giving o-(benzoylamino)phenol, m.p. 169® 
(above).] 

[C with m-aminophenol [Beil. XIII-401, XIIIi-(128)] in p3nridine -f ether (484) cf. (485) 
gives m-(benzoylamino)phenol [Beil. XIIl-416], ndls. from toluene, m.p. 174® (485) (486), 
173° (484). — Note that the isomeric 0-benzoyl-m-suninophenol (m-aminophenyl benzoate) 
is unreported. — G with m-aminophenol in aq. NaOH gives (486) 0,N-dibenzoyl-?n-amino- 
phenol (w-(benzoylamino)phenyl benzoate) [Beil. XIII-416], pr. from CeHe or scales 
from abs. ale., m.p. 153® (486); this product with boilg. ale. KOH splits at the ester linkage 
giving (486) m^(benzoylamino)phenol (above), m.p. 174°.] 

(C with p-aminophenol [Beil. XIII-427, XIIIi-(143)] in aq. NaOH (487), in pyridine (488), 
in ale. (489), or in ether >4- aq. NaOH (490) gives p-(benzoylamino)phenol (N-benzoyl-p- 
aminophenol) [BeU. XIII-469, XIIIi-(165)l, cryst. from AcOH, m.p. 216-217° (487), 
214-215° (489) (for review of earlier confusion see (487)). — Note that the isomeric 0- 
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benzoyl- 7 >-aminophenol (p-aminophenyl benzoate) [Beil. XIII-440], m.p. 153-154® (491) 
(492), 148® (465), has been reported only by indirect means. — C with p-aminophenol on 
htg. (472), or in aq. NaOH (448) (487) (488) or in pyridine (488), or C with p-aminophenol 
hydrochloride (489) gives O,i\r-dibenzoyl-p-aminophenol (p-(benzoylanaino)phenyl benzoate) 
(Beil. XIII-470, XIIIi-(165)l, cryst. from MeOH, EtOH, AcOH, or xylene, m.p. 235® (487) 
(467), 233-234® (489), 231® (472).] 

The acylation of aminophenols (especially of the ortho series) and the relationships of 
the various multiple and mixed acyl derivatives have been extensively studied by Raiford 
((493)-(511), incl.), Nelson ((512)-(517), incl.), and Bell (518) (519); the cited papers are 
arranged in chronological sequence for each worker, 

C with tertiary amines. C with certain tertiary amines especially in dry ether solution 
(520) forms addition products; these are presumably quaternary anunonium salts but have 
been very inadequately studied cf. (524). 

[C with MeaN in ether at 0® or in CaHa at 80® fails to react (525). — C with EtaN in 
dry ether gives an immediate ppt. which increases on stdg. but appears to be a mixture of 
the expected addn. prod., C.EtaN, with triethylamine hydrochloride (520). — C with 
triamylamine in dry ether after stdg. 2 months yields (520) long needles, m.p. 117®, whose 
analysis is in accord with “ nearly pure ” addn. prod., C.fCaHjOaN.J 

[C with iV^ji^-dimethylaniline in dry ether in smilight gives gradually hygroscopic crystals 
probably comprising the expected addn. prod., C.CgHnN, (520). — C with ^,iV'-diethylani- 
line in dry ether gives (520) a crystn. prod, containing 71% of the expected C.CioHigN.l 

[C with pyridine in dry ether gives (520) a ppt. apparently contg. only 31% of the ex- 
pected addn. prod., C.CsHsN. — C with pyridine in CgHe gives (521) pyridine hydro- 
chloride, m.p. 144®. — For study of C with pyridine in pres, of Zn dust giving the free 
radical JV-benzoylpyridinium see (522); for study of C with pyridine + Ar.AT-dimethylani- 
line + Cu powder at 100® for 5 hrs. giving 4-(p-dimethylaminophenyl)pyridine see (523).] 

Note that C with pyridine in pres, of various inorganic salts gives benzoic anhydride; for 
further details see text above under behavior of C with miscellaneous inorganic salts. 

C with arylhydrazines. C (1 mole) with phenylhydrazine (2 moles) (Beil. XV-67, XVi- 
(23)] in dry ether gives (526) iV'-benzoyl-iV^-phenylhydrazine (also known as sym.-benzoyl- 
phenylhydrazine or /3-benzoylphcnylhydrazine) (Beil. XV-255, XVi-(67)], pr. from ale., 
m.p. 168° (526) (527). [Note that the isomeric iV^-benzoyl-iV^-phenylhydrazine (also known 
as osym.-benzoyl-phenylhydrazine or a-benzoyl-phenylhydrazine) [Beil. XV-250, XVi-(65)], 
m.p. 70®, has been obtained only by indirect means, e.g., from C with sodio-phenylhy^azine 
(528) or from A^-chlorobenzanilide with NaNHg (529). However, C with phenylhydrazine 
hydrochloride in boilg. CgHg (530) (531), or C with dry K phenylhydrazine-/3-sulfonate on 
htg. (526), or C with a-benzoyl-phenylhydrazine in ether (532), or C with ^benzoyl- 
phenylhydrazine on htg. (526), gives JV,i\r'-dib€nzoyl-iV^-phenylhydrazine (also called a,/3- 
dibenzoyl-phenylhydrazine) (Beil. XV-261, XVi-(68)], pr. from ale., m.p. 177-178® (526) 
(530); note that this prod, on hydrolysis with ale. NaOH gives (533) jS-benzoyl-phenyl- 
hydrazine (above).] 

C with p-nitrophenylhydrazine [Beil. XV-468, XVi-(130)] presumably gives N'-benzoyl- 
^-(p-nitrophenyl)-hydrazine [Beil. XV-479, XVi-(140)l, ndte. from ale., m.p. 193® (534), 
although this prod, is actually reported (534) only from benzoic anhydride (1:0595) with 
p-nitro-phenylhydrazine. 

C with 2,4-dinitrophenylhydrazinq [Beil. XV-489, XVi-(146)J in ale. suspension on 
warming gives (535) iNr'-benzoyl-iV-(2,4-dinitrophenyl)-hydrazine [Beil. XV-492], or .-red 
Ifts. from ale., m.p. 206-207® (635). 

CiiWith diazomethane. [C added slowly to excess CH 2 N 2 in ether at 0® gives (550) (551) 
(552) (553) ciHliazoacetophenone [Beil. Vll-362, XXIV-142]; this product may be caused 
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to undergo the Wolf! rearrangement giving (554) phenylacetoacetic acid derive. (e.g., amide 
or anilide (554)), or may be caused to react with HCl to give phenacyl chloride (3:1212): 
for comprehensive survey and review of the behavior of acyl halides with diazomethane 
see (555).] 

C with miscellaneous nitrogen compounds. [For studies on the behavior of C with 
indigo see (556) (557) (558) (559) (560) (561) (562) (563).] 


Behavior of C with Organometallic Compounds 

Behavior of C with Grignard reagents. C with excess RMgX compounds in ether 
reacts in general to give the corresponding tertiary alcohols. Although extensive discussion 
of this reaction is manifestly infeasible here, the following examples are cited. 

,[C with excess MeMgl gives (564) dimethyl-phenyl-carbmol [Beil. VI-506, Vl2-(477)1. — 
C with EtMgl gives (93% yield (565)) diethyl-phenyl-carbinol [Beil. VI-548, VIi-(269), 
Vl2-(506)I. — C with n-PrMgBr gives (81% yield (565)) di-n-propyl-phenyl-carbinol 
[Beil. VIr(273), Vl2-(513)]. — C with CeHsMgBr as directed gives (91.5% yield (565)) 
triphenylcarbinol [Beil. VI-713, VIi-(349), Vl2-(686)] (l:59cS5) accompanied by (7% yield 
(565)) biphenyl (1:7175); for study of limiting reaction of C with CeHsMgBr to formation 
of diphenyl ketone (benzophenone) (1:5150) sec (566); note also that C with CeHsMgBr 
in presence of C0CI2 takes a different course yielding (567) benzoic acid, ethyl benzoate, 
biphenyl, benzophenone, phenylbenzoin, tetraplienylethylenc oxide, and stilbene dibenz- 
oate.j 

[For interference of C with the Gilman color test for IlMgX compounds sec (568).] 

[For study of relative reactivity of C as compared with various other organic compounds 
in competition for CcHsMgBr see (569).] 

Behavior of C with other miscellaneous organometallic compounds. This topic cannot 
be treated extensively, but the following examples, mainly from the recent literature, will 
serve as lead references. 

[C with CeHsLi gives (570) no benzophenone and only 42% yield triphenylcarbinol 
(1:5985). — C with Na phenylacetylene (571) (572) or Ag phenylacetylene (572) gives 
(74% yield (571)) phenyl phenylethynyl ketone (benzoyl-phenylacetylenc) [Beil. VII-498, 
VIIt.(275)].] 

[C -f EtCu (573) in ether gives (22% yield (573)) ethyl phenyl ketone (propiophenone) 
(1 : M25). — C with CeHeCu (573) in ether gives (.55% yield (573) ) benzophenone (1 : 5150).] 

[C 4- Et2Hg gives (small yield (574)) propiophenone (1.5525). — C with (C6HB)2Hg 
in CeHe gives (575) benzophenone (1:5150). — C with excess di-p-tolyl mercury in CCI4 
fails (576) to react.] 

[C with Me2Be gives (577) dimethyl-phenyl-carbinol [Beil. VI-506, Vl2-(477)]. — C 
with Me2Cd gives (85% yield (578)) methyl phenyl ketone (acetophenone) (1:5515). — 
C with Et2Cd gives (50% yield (578)) ethyl phenyl ketone (propiophenone) (1:5525). — 
C with (C6HB)2Cd gives (57% yield (578)) diphenyl ketone (bezophenone) (1:5150). — 
C with Me2Zn gives (579) methyl phenyl ketone (acetophenone) (1:5515). — C with 
Et2Zn (580) (581) or with EtZnI (582) gives ethyl phenyl ketone (propiophenone) (1 : 5525).] 

® Benzamide: cryst._from hot aq., m.p. 130®. [For methods of prepn. see above text 
under behavior of C with various inorganic nitrggen compounds.] 

® Benzanilide: Ifts. from ale., m.p. 160®. [From C with aniline directly (583), in ether 
contg. dry K2CO3 (584), in CeHe (585), in toluene (586), in pyridine (or other tertiary 
amines) (587), in dil. aq. HCl (588), in AcOH/aq. NaOAc (589), or aq. NaOH. — For 
study of rate of reaction of C with aniline in aq. at various temperatures 0-60® (590), 
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in CeHe at 25° (591) cf. (585), in hexane at 25° (592), or in CCI 4 at 25° (592) see indie, 
refs. — Note that C with aniline hydrochloride in boilg. CeHe gives almost quant 
yield (530) benzanilide.] 

Benz-o>toluidide: ndls. from AcOEt /acetone, m.p. 145-146° (594) (595), 144.3- 
144.6° cor. (586), 142-143° (593), 142° (587). [From C with o-toluidine (593) (594) 
in pres, of dil. (4%) aq. NaOH (595), or in pyridine (or other tertiary bases) (75% 
yield (587)), or in boilg. toluene (586).I 

(g) Benz-m-toluidide: cryst. from dil. ale., m.p. 126° (587), 124.3-124.7° cor. (586), 125° 
(596). [From C with m-toluidine (596) in pyridine (or other tertiary bases) (80% 
yield (587)) or in boilg. toluene (586).] 

(g Benz-^-toluidide: ndls. from ale., m.p. 158° (597), 157.7-158.2° cor. (586), 157° (587). 
[From C with p-toluidine (598) (599) in pyridine (or other tertiary bases) (85% yield 
(587)) or in boilg. toluene (586).] 

(g Benz-a>naphthalide: ndls. from ale. or AcOH, m.p. 161-162° (600), 159-160° (601) 
cor. (60S), 159° (587), 156° (602), 155-156° (603). [From C with a-naphthylamine 
(604) (602) in aq. NaOH (603), pyridine (or other tertiary bases) (80% yield (587)), 
or in AcOH/aq. NaOAc (589). — For mol. cpd. of bcnz-a-naphthalide with 1,3,5- 
trinitrobenzene, viz., C'.C 6 H 3 (N 02 ) 3 , ycl. ndls. from ale. soln. of components, m.p. 
131-132° (605); sec indie, refs. — For behavior of C with a-naphthylamine in pres, of 
ZnCL at 175-180° yielding l-benzoylamino-4-l)enzoylnaphthalene, m.p. 178°, 1- 
benzoylamino-2,4-dibenzoylnaphthalcnc, m.p. 224-226°, etc., see (606) (607).] 

(g Benz-/3-naphthalide : ndls. from CeHe or AcOH, m.p. 162-163° (609), 162° (587), 161° 
(612), 157° (610), 156.5-157° cor. (608). [From C with /3-naj)hthylamine (611) (610) 
in ether + K2CO3 (612), in pyridine (or other tertiary bases) (80% yield (587)), or in 
AcOH/aq. NaOAc (589).] 

(g Benzhydrazide : m.p. 112°. [Sec above text under behavior of C with various in- 
organic nitrogen compounds, specifically with NH 2 .NH 2 .] 

(g /3-Benzoylphenylhydrazine (iST-Anilinobenzhydrazide) : pr. from ale., m.p. 168°. 
[See above text under behavior of C with organic nitrogen compounds, specihcally with 
arylhydrazines.] 

i3-Benzoyl-p-nitrophenylhydrazine (iNr-(p-nitroanilino)benzhydrazide): ndls. from 

ale., m.p. 193°. See above text under behavior of C with organic nitrogen compounds, 
specifically with arylhydrazines. 

(g /3-Benzoyl-2,4-dinitrophenylhydrazine (W-(2,4-dinitroanilino)benzhydrazide) : or.-red 
Ifts. from ale., m.p. 206-207°. [See above text under behavior of C with organic 
nitrogen compounds, specifically with arylhydrazines.] 
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[For prepn. of C from 6-chloro-2-aminotoluene [Beil. XII-835] via diazotization and 
use of CU2CI2 reaction (yield: 87.6% (1), 70% (3) (7)) (4) (6) <2) see indie, refs.; from K (1) 
or Na (5) salt of 2,5-dichlorotoluenesulfonic acid-6 by hydrolysis in cone. H2S04 with 
superheated steam see (1) (5); for formn. of C (together with other isomers) from toluene 
with CI2 in pres, of FeCls or MoCls see (8), from o-chlorotoluene (3:8245) or m-chloro- 
toluenc (3:8275) with CI2 in pres, of Al/Hg see (9).] 

[C with CI2 in pres, of Al/Hg yields (10) both 2,3,6-trichlorotoluene (3:0625) and 2,4,5- 
triclilorotoluene (3:2100).] 

C on mononitration in cold with mixt. of pts. cone. HNO3 {D — 1.4) and 3 pts. 
cone. H2SO4 yields (3) Jll) 2,5-dichloro-4-nitrotoluene [Beil. V-332], ndls. from ale. -|- 
ether, m.p. 50-51° (3); C on dinitration with mixt. of 7 pts. fumg. HNO3 (D = 1.5) and 
33^ pts. cone. H2SO4 at 100° yields (3) (11) 2,5-dichloro-4,6-dinitrotoluene [Beil. V-346], 
cryst. from AcOH, m.p. 100-101° (3). 

C on oxidn. with dil. HNO3 m s.t. at 120-150° gives (yield: 82% (7), 60% (2)) (3) (5) (6) 

2,5-diclilorobcnzoic acid (3:4340), m.p. 154°. 

C on sulfonation with fumg. H2SO4 yields (1) (3) (12) 2,5-dichlorotoluenesulfonic acid-4 
(corresp. sulfonyl chloride, m.p. 43° (1) (12), corresp. sulfonamide, m.p. 191-192° (1) 
(3) (12)). 

[For behavior of C with NaOMc see (2).] 

3:6245 (l) Wynne, J. Chem. Soc. 61, 1040-1053 (1892). (2) de Crauw, Rec. trav. chim. 50, 773, 

783, 788 (1931). (3) Cohen. Dakin, J. Chem. Soc. 79, 1130-1131 (1901). (4) Kohlrausch, 

Stockmair, Yphilanti, Monatsh. 67, 90 (1935) (o) Turner, Wynne, J Chem. Soc. 1936, 712. 

( 0 ) Lellmann, Klotz, /l?m. 231, 318-319 (1885). (7) Feldman, Kopeliowitsch, Arch. Pharm. 

273, 491 (1935). (8) Wynne, Proc. Chem Soc 17, 116 (1901). (9) Ref. 3, pp. 1117-1118. (10) 

Cohen, Dakin, J. Chem Soc. 81, 1343 (1902). 

( 11 ) Cohen, Dakin, ./. Chem. Soc. 81, 1347 (1902). (12) Silvester, Wynne, J. Chem. 180 c. 1936, 

602. 


3 : 6255 o-CHLOROANISOLE 

(o-Chlorophenyl methyl ether) 


B.P. 


198.5- 199.5 
195-196° 
194-200° U.( 
92-93° 
90-91° 

100 ° 

80.5- 81.4° 


U) 

(2) 

at 751 mm. (3) 
at 20 mm. (18) 
at 16 mm. (4) 
at 13 mm. (5) 
at 10 mm. (1) 


C7H7OCI 

<( )>0CH3 

Cl 


Beil. VI - 184 
VIi-( 99) 
Vl2-(171) 


= 1.1865 {18> = 1.5433 (18) 

= 1.1978 (65 njfe® = 1.54786 (6) 


Oil with odor like acetophenone (7). — Volatile with steam. 

[For prepn. of C from o-chlorophenol (3:5980) by methylation with Me2S04 -h KOH (3) 
or with Mel + KOH in MeOH in s.t. at 130° (8) see (3) (8); from o-aminoanisole via diazo 
and Sandemeyer reactns. see (9) (2); from guaiacol (1:1405) with PCls see (8); from o- 
nitroanisole with SOCI2 at 180-200° see (10).] 

C on mononitration with fumg. HNO3 (8) (11) (12) or with HNOs *= 1*5) in AcaO J5) 
yields a mixt. of all 4 possible mononitro products from which the 3-nitro- and 6-nitro 
isomers are removed by refluxing with 5% NaOH for 1 hr. (5); the unaffected residue 
extracted by ether consists of 2-chloro-4-nitroanisole, m.p. 94° (5), and 2-chloro-6-nitro- 
anisole, m.p. 53° (5); for f.p./compn. data on this system see (5). [2-Chloro-4,6-dinitro- 
anisole [Beil. VI-260] has m.p. 36° (16), 37° (17).] 

[For a study of the reactn. kinetics of the splitting of C in acid soln. see (15).] 
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3-Chloro-4>methoxybenzene8ulfonamide: cryst. from dil. ale., m.p. 130-131^ u.c. 
<13), 130® cor. (14). [From C + ohlorosulfonic acid followed by conversion of the 
resultant sulfonyl chloride, m.p. 77-80® <14), to sulfonamide with (NH4)2C08; 85% 
yield (13).] [A by-product, 3,3'-dichloro-4,4'-dimethoxydiphenyl sulfone, m.p. 165- 
166® cor. (14) (but unlike the sulfonamide insol. in alk.), has also been observed (14).] 

8:6255 (1) Reitz. Ypsilanti, Monaiah. 66, 304 (1935). (2) GattermaDn, J. prakt. Chem. (2) 59, 
683 (1899). (3) Kohn, Sussmann, Monatah. 48, 196-197 (1927). (4) Hayashi. J. prakt. Chem. 

(2) 123, 293 (1929). (5) Ingold, Smith, J. Chem. Soc. 1927, 1690-1695. (6) von Auwers, Z. 
phyaik. Chem. A-IM, 418 (1932). (7) Holleman, Rec. trav. chim. 37, 104 (1918). (8) Fischli, 

Ber. 11, 1463 (1878). (9) Wallach, Heusler, Ann. 243, 237-238 (1888). (10) Meyer, Monatah. 

36, 726 (1915). 

(11) Reverdin, Ber. 29, 2698 (1896). (12) Reverdin. Eckhard, Ber. 32, 2622 (1899). (13) 

Huntress, Carten, J. Am. Chem. Soc. 62, ^3-604 (1940). (14) Child, J. Chem. Soc. 1932, 718. 
(15) Ghaswalla, Donnan, J. Chem. Soc. 1936, 1341-1346. (16) Schouten, Rec trav. chim. 56, 

550 (1937). (17) van de Vliet, Rec. trav. chim. 43, 623-624 (1924). (18) Anzillotti, Curran, 
J. Am. Chem. Soc. 65, 609 (1943). 


(f,f-2,2,3-TRICHLOROBUTANOL-l H Cl 

CHr-i— 


ii ii 


C4H7OCIJ 

HjOH 


B.P. 199-200° M.P. 62° 

See 3 : 1336. Division A : Solids. 


Beil. I - 369 

11- 

12- (398) 


3:6270 2,6-DICHLOROTOLUENE 


B.P. 

199-200® at 760 mm. (13) (1) 

198-200® (2) 

198® at 760 mm. (3) 

197-199® at 767 mm. (4) 

54r-56® at 8 mm. (5) 

[For prepn. of C from 6-chloro-2-aminotoluene [Beil. XII-836, XIIi-(389)] via diazotiza- 
tion and use of CU2CI2 reactn. (70% yield (2)) (1) (3) see indie, refs.; from 2,6-dichloro- 
toluenesulfonic acid-4 (itself obtd. by chlorination of p-toluenesulfonyl chloride and subse- 
quent hydrol3rsis) by hydrolysis in cone. H2SO4 with superheated steam (yield 42-50% (5)) 
(4) (6) togetW with 2,3,6-trichlorotoluene (3:0625) as by-product (6) (6) see indie, refs.; 
for formn. of C (together with other isomers) from toluene with CI2 in pres, of MoClg 
(7) (8) (9), from o-chlorotoluene (3:8245) with CI2 in pres, of Fe (9) or Al/Hg (10), or from 
2,6-dichlorobenzaldehyde hydrazone by Wolff-Kishner reduction (32-80% yield (19)) see 
indie, refs.) 

'[C with CI2 in pres, of Al/Hg yields (11) 2,3,6-trichlorotoluene (3:0625); C at its b.p. in 
U.V. light treated with CI2 yields (5) 2,6-dichlorobenzyl chloride (3:0410) cryst. from Igr. 
or ether, m.p. 39-40® (5).] 

[C with Br2 at 170® in sunlight (2) yields (2) (12) 2,6-dichlorobenzyl bromide which on 
oxidn. with alk. KMn04 yields (2) (12) 2,6-dichlorobenzoic acid (3:4200), m.p. 143-144®.] 


C7H6CI2 BeU. V - 296 
Vi- 
V2-(231) 

= 1.2686 (5) « 1.5510 (5) 


CHa 

tr 
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3:6270-3:6280 


C on mononitration in cold with 2 pts. fnmg. HNO 3 (11) or with mixt. of 2 pts. cone. 
HNOs (Z> = 1.4) + 3 pts. cone. H 2 S 04 at 100° (3) 3 delds 2,6-dichloro-3-nitrotoluene 
(Beil. V-332I, ndls. from ale. + AcOH, m.p. 53° (3), 52-63° (11), 50° (13); note that the 
other possible isomer, viz., 2,6-dichloro-4-nitrotoluene, m.p. 65° (14), 63-64° (15), has been 
obtd. only by other means. — C on dinitration with mixt. of 7 pts. fumg. HNO 3 (D - 1.5) 
and 3M Pts- cone. H 2 SO 4 at 100° yields (3) 2,6-dichloro-3,5-dinitrotoluene [BeU. V-345], 
ndls. from ale., m.p. 121-122° (3), 121° (4) (14); note that the isomeric 2,6^chloro^,4> 
dinitrotoluene, m.p. 130-131° (14), 129-130° (16), has been obtd. only by other means. 

C is extremely resistant to oxidn. either with dil. HNO 3 (9) (1) (3), aq. alk. KMn 04 
(4) (12), acid KMn 04 (12), KMn 04 in acetone (4), CrOs in H 2 SO 4 or AcOH (12), or K 2 Cr 207 
in H 2 SO 4 (12); by conversion of C with Br 2 to 2,6-dichlorobenzyl bromide (see above) and 
oxidn. of this with alk. KMn 04 (2) (12) 2,6-dichlorobenzoic acid (3:4200), m.p. 143-’144°, 
is obtd. in 57% yield (12). 

C on sulfonation with fumg. H 2 SO 4 (3) yields 2,6-dichlorotoluenesulfonic acid-3 (corresp. 
sulfonyl chloride, m.p. 60° (3) (13), corresp. sulfonamide, m.p. 204° (3) (13), 19^^1° u.c. 

(17) ); C on treatment with chlorosulfonic acid in CHCI 3 as directed (17) cf. (18) yields 
2,6-dichloTotoluenesulfonyl chloride-3, m.p. 54-56° u.c. (17), 60° (3) (13) (18). 

3:6270 (1) Wynne, Greeves, Proc. Chem. Soc. 11, 161—162 (1895). (2) Lehmstedt, Schrader, 
Ber. 70, 1530 (1937). (3) Cohen, Dakin, J. Chem. Soc. 79, 1131-1133 (1901). (4) Davies, 

J. Chem. Soc. 119, 873 (1921). (5) Austin, Johnson, J. Am. Chem. Soc. 54, 657-659 (1932). 

(6) Geigy and Co., Ger. 210,856, June 16, 1909; Cerii. 1909, II 79-80. (7) Aronheim, Dietrich, 

Ber. 8, 1402 (1875). (8) Schultz, Ann. 187, 263 (1877). (9) Claus, Stavenhagen, Ann. 209, 

231 (1892). (10) Ref. 3, p. 1117. 

(11) Cohen, Dakin, J. Chem. Soc. 81, 1343, 1346 (1902). (12) Norris, Bearse, J. Am. Chem. 
Soc. 62, 956 (1940). (13) Silvester, Wynne, J. Chem. Soc. 1936, 692, 695. (14) Davies, J. 
Chem. Soc. 121, 812, 814 (1922). (15) Levy, Stephen, J. Chem. Soc. 1931, 78-79. (16) Davies, 
Leeper, J. Chem. Soc. 1926, 1416. (17) Huntress, Carten, J. Am. Chem. Soc. 62, 512-513 (1940). 

(18) I.G., Brit. 281,290, Jan. 25, 1928; French 644,319, Oct. 5, 1928; Cent. 1929, II 352. (19) 
Lock, Stach, Ber. 76, 1252-1256 (1943). 

3:6280 1,1,2,3,3-PENTACHLOROPROPANE H CsHsCU I — 

(sj/m.-Pentachloropropane) CfcCH— <!>— CHCl, ****■ 

ii 

B.P. 

ie»-*00° (1) = 1.6086 (1) ng * - 1.S131 (1) 

126° at 90 mm. (1) 

98-100° at 20 mm. (2) 

Colorless liq. — Dissolves sulfur and vulcanized rubber. 

[For prepn. (yields : 70-75% (3), 63% (2), 46% at 17° for 22 hrs. (3)) from CHCls (3 : 6050) 
4- sym.-dichloroethylene (3:5030) + AlCls by stirring with sand for 20 hrs. at 30° see 
(2)J3) (4).] 

C with ale. KOH (1 mole) gives (70% yield (2)) 1,2,3,3-tetrachloropropene-l (3:5920), 
b.p. 165-167° (2). 

3:6280 (1) Prins, J. praJet. Chem. (2) 89, 421 (1914). (2) Heilbron, Heslop, Irving. J. Chem. 
Soc. 1936, 782-783. (3) Porns, Engelhard, Rec. trav. chim. 54, 307-312 (1935). (4) Prins, 

Ger. 261,689, July 2, 1913; Cent. 1913, II 394; [C.A. 7, 3641 (1913)1. 
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3:6290 2,4-DICHLOROTOLU£N£ CHa 

1 


B.P. F.P. 

199.9-200.6® cor. at 760 mm. <1) -13.6® <1) 

198-200® (2) 

196.4r-198.2® (3) 

196-197.6® (4) 

196-197.0® (5) 

194® U.C. at 746 mm. <6) 

82.0-82.9® at 16 mm. <3) 

For f.p./compn. diagram of system: C + 3,4-dichlorotoluenc (3:6355) see (1); the eutectic 
conts. 48% C and freezes about —38® (1). 

(For prepn. of C from 2-chloro-4-aminotoluene [Beil. XIl-988, XIIi-(435)] via diazotiza- 
tion and use of CU2CI2 reaction (yield: 72% <5), 30% (6)) see indic. refs.; similarly from 
4-chloro-2-aminotoluene [Beil. XIl-835, XIIi-(389)] see (2); from 2,4-diaminotoluene 
(Beil. XIII-124, XIIIi-(40)l via tetrazotization and use of CuCli reaction (yield: 75% 
(7), 57% (16), 45% (4)) (3) see indic. refs.; from toluene -f AICI3 + SO2CI2 at 70® (68% 
yield) see (10).] 

[For formn. of C (58% together with 42% 3,4-dichlorotoluene (3.6355) from p-chloro- 
toluene (3:8287) with CI2 in pres, of Fe see (1); for formn. of C (together with other isomers) 
from toluene with CI2 in pres, of FeCU or MoClg (8) or by electrolysis in cone. HCl/ AcOH 
soln. (9) see indic. refs.; from o-chlorotoluenc (3:8245) or p-chlorotoluenc (3 '8287) with 
CI2 in pres, of FeCla or Mods (8) or Al/Hg (11) see indic. refs.; from potassium salt of 
2,4-dichlorotoluenesulfonic’ acid-5 (12), sodium salt of 2,4-dichlorotoluenesulfonic acid-6 
(12), or the sodium salt or amide of 2,4-dichlorotolucncsulfonic acid-3 (12) by hydrolysis 
in H3PO4 with steam at 240® see indic. refs.) 

[C with CI2 in pres, of Fe (13) or of Al/Hg (14) yields 2,4,5-trichlorotolucne (3.2100) 
together with other isomers; C with Br2 at 180-200® yields (15) 2,4-dichlorobenzal di- 
bromide which upon hydrolysis with cone. H2SO4 as directed gives 92% overall yield 2,4- 
dichlorobenzaldehydc (3:1800), m.p. 74.5® (15) (for similar reaction with CI2 see (5)).] 

[C with AICI3 -|- phthalic anhydride ^ves (60% yield (16); (17) o-(2,4-dichloro-5- 
methyl)benzoyl-benzoic acid, cryst. from hot toluene, m.p. 140® (16); this prod. htd. 2 hrs. 
at 100® with 20 pts. cone. H2SO4 + 0.2 pt. H3BO3 ring-closes yielding 2,4-dichloro-l- 
methylanthraquinone, yel. cryst. from CHCI3, m.p. 155° (16).] 

C on mononitration, e.g., with cold mixt. of 2 pts. cone. HNO3 (D = 1.42) -h 3 pts. 
cone. H2SO4 (2), yields (2) (8) 2,4-dichloro-5-nitrotoluene [Beil. V-332, Vi-(163)], long 
hard ndls. from ale., m.p. 54-55® (2), 55® (18), 53® (8), 49-50° (19); C on dinitration, e.g., 
with 7 pts. fumg. HNO3 (D * 1.5) -|- 3^ pts. cone. II2SO4 (2), yields (2) (8) (10) 2,4- 
dichloro-3.5-dinitrotoluene [Beil. V-345, Vi-(169)J, ndls. from MeOH, m.p. 104® (2) (18) 
( 10 ) 

C on oxidn. with dil. HNO3 in s.t. at 130-150® (2) (6) (12), with alk. KMn04 (70% 3deld 
(26)), with Na2Cr207 + H2SO4 (60% yield (20)), or on electrolytic oxidn. (6.5% yield 
(21)) gives 2,4-dichlorobenzoic acid (3:4560), m.p. 164®. 

C on sulfonation with fumg. H2SO4 yields (2) (22) 2,4-dichlorotoluenesulfonic acid-5 
(corresp. sulfonyl chloride, m.p. 72® (22), 71® (2) (24), corresp. sulfonamide, m.p. 176® 
(2) (22); 175-176® u.c. (23)); C on treatment with chlorosulfonic acid in CHCI3 as directed 
(23) cf. (24) yields 2,4-dichlorotoluenesulfonyl chloride, m.p. 71-72® u.c. (23), 71® (24). 



C 7 H 6 CI 2 Bell. V - 295 
Vi-(162) 
V2-(230) 


Z^8 =• 1.2498 (1) 

1.24697 (6) 

ng = 1.6480 (1) 
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LIQUIDS WITH dS® > 1.15 


3 : 6890 - 3:6300 


3:6290 <1) Wahl, Compt. rend. 202, 2161-2163 (1936); Bwtt. soc. chim. (6) 4, 344-349 (1937). <2) 
Cohen, Dakin, J. Chem. Soc. 79, 1129-1130 (1901). (3) Kohlrausch, Stockmair, Ypsilanti, 

Monatah. 67, 89 (1935). (4) Erdmann, Ber. 24, 2769-2770 (1891). <5> van de Lande. Rec. Iran, 

chim. 61, 103, 109 (1932). {6> Lellmann, Klotz, Ann. 231, 314-316 (1886). <7) Hodgson, Walker. 
J. Chem. Soc. 1936, 530. (8) Seclig, Ann. 237, 157, 163, 166, 167 (1887). <9) Fichter, Glantz- 

stein, Ber. 49. 2481-2487 (1916). (10) Silberrad, J. Chem Soc. 127, 2680-2681 (1926). 

(11) Ref. 2, pp. 1116-1117. (12) Wynne, J. Chem. Soc. 1936, 703, 705. (13) Feldman, 

Kopeliowitsch, Arch. Pharm. 273, 493-495 (1935). (14) Cohen, Dakin, J. Chem. Soc. 81, 1340- 

1341 (1902). (15) Lock, Bock, Ber. 70, 923 (1937). (16) Stouder, Adams, J. Am. Chem. Soc. 

49, 2044-2045 (1927). (17) Adams (to Newport Co.). U.S. 1,711,166, Apr. 30, 1929; Cent. 1929, 

II 796; C.A. 23, 2989 (1929). (18) Blanksma, Rec. irav. chim. 29, 415 (1910).- (19) Dadswell, 

Kenner, J. Chem. Soc. 1927, 585. (20) Magidsson, Grigorowski, Russ. 47,689, July 31, 1936; 

Cent. 1937, I 430-431. 

(21) Fichter, Adler, Helv. Chim Acta 9, 286 (1926). (22) Silvester, Wynne, J. Chem. Soc. 

1936, 692. (23) Huntress, Carton, J. Am. Chem. Soc. 62, 512-613 (1940) . (24) I.G., Brit. 281,290, 

Jan 25, 1928; French 644,319, Oct. 5, 1928, Cent. 1929, II 352. (26) Bornwater, HoUeman, 

Rec. trav. chim. 31, 226-230 (1912), 


3:6300 

^-CHLOROANISOLE 

(p-Clilorophenyl methyl 


C 7 H 7 OCI 


Beil. VI - 186 
VIi-(lOl) 


ether) 




V2-(176) 

B.P. 


B.P. Cont. 




290 ° 

<1) (2) (13) 

193-197° U.C. 

<7) 

Dl*® 

= 1.1861 ( 11 ) 

198-200° (3) 

94-96° at 26 mm. 

( 8 ) 



197.5° 

at 760 mm. (20) 

88 ° at 18 nun. 

(9) 



197.7° 

at 769 nun. (4) 

79.5° at 12 mm. 

( 10 ) 

nkV 

= 1.54015 (11) 

196.6-197° at 769 mm. (5) 

74.8-75.4° at 10 mm. 

<5) 




194-198° u.c, ( 6 ) 

Insol. aq.; eas. sol. ale., ether, CHCI 3 . — Does not freeze at —18° (3). 

[For prepn. from 7 >chlorophenol (3; 0475) by methylation with Me 2 S 04 - 1 - alk. (7) 
( 6 ) (1) (60% yield (10)) or with Mel -f KOH in s.t. at 120-140° (3) see indie, refs.; from 
anisole (1:7445) -b PC'ls ( 2 ) ( 100 % yield ( 12 )) or SO 2 CI 2 (4) see indie, refs.; from p-chloro- 
aniline by diazotization and htg. with MeOH see (13).) 

C on mononitration as directed (7) (14) ( 6 ) gives (93% yield ( 6 )) 4-chloro-2-nitroanisole 
fBeil. VI-240], pale yel. Ifts. from pet. eth , ndls. or pr. from ale , m.p. 98.5° (15), 98° (14), 
96-97.5° ( 6 ), 96° (7). [The principal dinitration product, 4-chloro-2,6-dinitroanisole [Beil. 
VI-260] (best prepd. (16) by further nitration of the 2 -nitro prod.), has m.p. 66 ° (16), 65° 
(17), 64° (18).] 

C on htg. with cone. HCl in s.t. ( 12 ) or with NaOMe in MeOH in s.t. at 176° ( 21 ) gives 
MeCl (3:7005) + p-chlorophenol (3:0475). [For study of rate of splitting by acids 
see (19).] 

(0 6-Chloro-2-methoxybenzenesulfonamide: m.p. 154° (22), 159-151° (23). [From 
C -f chlorosulfonic acid followed by conversion of the resultant sulfonyl chloride, 
m.p. 104° (22), to sulfonamide with (NH 4 ) 2 C 03 ; 82% yield (23).] 

3:6300 ( 1 ) von Auwers, Baum, Lorenz, J. prakt. Chem. (2) 116, 89 (1927). (2) Henry, Ber. 3, 

710 (1869). (3) Beilstein, Kurbatow, Ann. 176, 30 (1875) (4) Peratoner, Ortoleva, Gazz. 
chim.fital. 38, I 226 (1898). (5) Reitz, Ypsilanti, Monatsh. 66, 305 (1935). (6) Ingold, Smith, 
Vass, J. Chem. Soc. 1937, 1248. (7) Kohn, Kramer, Monatsh. 49, 151 (1928) (8) Hayashi, 

J. prakt. Chem. (2) 133, 297 (1929). (9) Jones, J. Chem. Soc. 1943, 419. (10) Bergmann, Engel, 

Z. physik. Chem. B-16, 95-96 (1931). 

(11) von Auwers, Z. physik. Chem. A-168, 418 (1932). (12) Autenrieth, Arch. Pharm. 333, 

31-32 (1895). (13) Cameron, Am. Chem. J. 30, 241 (1898). (14) Reverdin, Eckhard, Ber. 33, 

2623 (1899) . (16) Reverdin, Ber. 39, 2599 (1896). (16) Schouten, Rec. trav. chim. 56, 655 (1937). 
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(17) van de Vliet, Bee. trav. ehim. 43, 622 (1924). (18) Ref. 7, pp. 164-155. (19) Ghaswalla, 
Donnan, J, Chem. Soo. 1936, 1341-1346. (20) Paulsen, Monatah. 72, 257 (1939). 

(21) de Lange, Rec. trav. chim. 38, 103 (1918). (22) Gauntlett, Smiles, J. Chem. Soc. 127, 
2746 (1926). (23) Huntress, Garten, J. Am. Chem. Soc. 62, 603-604 (1940). 


3:6310 8,6-DICHLOROTOLn£N£ CHs 



C7H6CI2 


B6U.V-296 

Vi- 

V2- 


B.P. 

201-202® cor. at 760 mm. (1) 

200® at 760 mm. (2) 

195® at 729 mm. (3) 

78-79® at 9 mm. (12) 

Sublimes at ord. temp. (3). 


M.P. 

26-27® (10) ng* «= 1.5438 (12) 

26® (2) (3) (5) (6) (7) 

24.8-25.0® (4) 

24.5® (12) 


(For prepn. of C from 3,5-dichloro-2-aminotoluene [Beil. XII-837] via diazotization 
and reactn. with ale. (yield: 80-85% (2), 57% (5)) (1) see indie, refs.; similarly from 3,5- 
diehloro-4-aminotoluene [Beil. XII-990] see (3) (4); for formn. of C from 3,5-dibromo-2- 
aminotoluene [Beil. XII-840, XIIi- (390)1 or from 3,5-dibromo-4-aminotoluene [Beil. XII- 
993, XIIi-(437)l by diazotization followed by treatment with HCl gas in ale. see (6); 
for prepn. from 3,5-diehloro-2-aeetaminotoluene by hydrolysis with EtOH/HCl followed 
by HNO2 (34% yield) see (12).] 

[C with CI2 in pres, of Al/Hg gives (7) exelusively 2,3,5-triehlorotoluene (3:0610), m.p. 
43-45® (7); C with CI2 at 180-190® for 10-12 hrs. gives (2) 3,5-diehlorobenzal diehJoride 
(3:0370).] 

[C with Br2 in pres, of Fe gives in eold (70% yield (8)) 2-bromo-3,6-diehlorotoluene, ndls. 
from ale., m.p. 33.5® (8).] 

C on mononitration by soln. in iee-eold fumg. HNOa {D — 1.52) (9) yields 3,6-diohloro-2- 
nitrotoluene [Beil. V-331], ndls. from ale. -f AeOH, m.p. 61-62® (5) (erude prod. m.p. 57® 

(9)); C on dinitration with mixt. of 4 pts. HNO3 (D = 1.6) -f 4 pts. cone. H2SO4 (5) or the 
above mononitro deriv. on further nitration with HNO3 {D — 1.52) at 65® (9) yields 3,5- 
diehloro-2,6-dinitrotoluene, ndls. from ale., m.p. 99-100® (5); note that the erude dinitra- 
tion prod, often melts about 90® (9), probably beeause of eontamination with 3,5-diehloro- 
2,4-dinitrotoluene, m.p. 127® (9). 

C on oxidn. with <hl. HNO3 (5) (10) in s.t. at 170® (3) yields 3,5-diehlorobenzoie aeid 
(3|4840), m.p. 188®. 

C on sulfonation with fumg. H2SO4 yields (6) (11) 3,5-diehlorotoluenesulfonie aeid-2, 
(corresp. sulfonyl ehloride, m.p. 44-45® (5) (11), eorresp. sulfonamide, m.p. 168-169® (6) 

(ID). 


3:6319 (1) Wynne, Grooves, Proc. Chem. Soc. 11, 151-152 (1895). (2) Asinger, Lock, Monatah. 
63, 345 (1933). (3) Lellmann, Klotz, Ann. 331, 323-324 (1885). (4) Maryott, Hobbs, Gross, 
J. Am. Chem. Soc. 63, 2321 (1940). (5) Cohen, Dakin, J. Chem. Soc. 79, 1133-1134 (1901). 
(6) Hantzsoh, Ber. 86, 2344-2346 (1897). (7) Cohen, Dakin, J. Chem. Soc. 81, 1343-1344 (1902). 
(8) Asinger, J. prakt. Chem. (2) 186, 299 (1934). (9) Borsche, Trautner, Ann. 447, 13 (1926). 

(10) Cohen, Miller, J. Chem. Soc. 85, 174-179 (1904). 

(11) Silvester, Wynne, J. Chem. Soc. 1936, 692. (12) Marvel, Overberger, Allen, Johnston, 
Saunders, Young, J. Am. Chem. Soc. 68, 864 (1946). 
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3:6312 HEXACHLOROPROPANONE-2 
(Hexachloroacetone) 


C1»C-C— CCl, 

I 


OsOCl^) 


Beil. 1-657 

11- 

12- 


B.P. F.P. 

202-204° (1) <7> - 2 ° ( 1 ) Dg = 1.744 (1) <7) 

110° at 40 mm. (2) -3 to -4° (2) 

{See also penta£hl(yropr(ypa7U)ne-2 (3 : 6205).] 


Colorless limpid liq. with odor which although faint at low temp, becomes sharp and 
lachrymatory at higher temps. — C is spar. sol. aq. but with it forms a cryst. monohydrate, 
m.p. + 15°, aim. insol. aq. 

[For prepn. of C from acetone (1 : 5400) in 90% AcOH + a little HCl with CI 2 for 12 hrs. 
at room temp., followed (after addn. of NaOAc) by 40 hrs. further chlorination at b.p. ( 2 ), 
or with CI 2 in sunlight ( 1 ) (some pentachloroacetone (3:6205) is formed by either method) ; 
for prepn. of C from chloracetone (3:5425) with CI 2 at 50-100° in liglit ( 3 ) ( 4 ) or under 
press. (5) see indie, refs.; for formn. of C from citric acid (1:0455) in cone. aq. soln. with 
CI 2 in sunlight ( 1 ) < 6 ) (7), or from glycerol (1:6540) with CI 2 in pres, of I 2 ( 7 ), see indie, 
refs.] 

C on stdg. with aq. at 30° < 2 ) or with aq. in s.t. at 120° < 1 ) readily undergoes hydrolytic 
cleavage yielding chloroform (3:5050) and trichloroacetic acid (3:1150). 

C with cone. aq. NH 4 OH readily splits ^delding ( 1 ) chloroform (3:5050) and trichloro- 
acetamide, spar. sol. aq., m.p. 141°; similarly C with aniline yields ( 1 ) chloroform (3:5050) 
and trichloroacetanilide, m.p. 95-97°. 

3:6312 <1) CloSz, Ann. chim. (6) 9, 199-205 (1886). (2) Edwards, Evans, Wilson, J, Chem. 

Soc. 1937, 1944-1945. (3) Heisel, Hendschel (to I.G.), U.S. 2,199,934, May 7, 1940; C.A. 34, 
5855 (1940), <4) I.G., French 816,956, Aug. 21, 1937, Cent. 1938, I 2216. (5) I.G., French 

837,741, Feb. 20, 1939; Cent. 1939, II 228. <6) Stadeler, Ann. Ill, 299-300 (1859). <7) Clo6», 
Ann. 122, 119-122 (1862). <8) Zaharia, Cent. 1896, I 100. 


DI-(TRICHLOROMETHYL) CARBONATE OCCU CsOsCU 


<<1 


!=0 

^oepu 


B.P. 203° at 760 mm. 


M.P. 78-79° 


BeO. m - 17 
nii-C 8) 
mi-(i6) 


See 3 : 1915. Division A : Solids. 


3 ; 6315 n-BUTYL TRICHLOROACETATE CeHg02Cl8 

n-C 4 H 9 O.CO.CCls 

B.P. 203-206° <1) = 1.266 <3) 

111° at 40 mm. <2) 

100 - 101 ° at 24 mm. (3) - 1.2778 (4) 


BeU. S.N. 160 

- 1.4496 (3) 
= 1.4626 (4) 


[For prepn. (82-^9% yield (3), 98% yield ( 2 )) from n-butyl ale. (1:6180) + trichloro- 
acetic ac. (3:1150) see (2) (3).] 

8:6315 (1) Cheng, Z. phyaik. Chem. B-24, 308 (1934). (2) Liston, Dehn, J. Am. Chem. Soc. 69, 
1264-1265 (1938). (3) Waddle, Adkins, J. Am. Chem. Soc. 61, 3361-3364 (1939). (4) Schjanberg, 
Z. phyaik. Chem. A-172, 229 (1935). 
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3:6317 TRICHLOROACETALDEHYDE DIETHYLACETAL C6H11O2CI8 BeU. 1-631 

08,/8,/8-Trichloroacetal) ClsC— CH(OC2H6)2 Ii— 

(Chloral die thy lace tal) l2 — 

B.P. 204.8° at 768.7 mm. (1) = 1.2655 (1) 

197° (2) 

84-85° at 10 mm. (3) 

Colorless oil, spar. sol. aq. (abt. 5 g. C per liter aq. (2)), but misc. with ale., ether, or 
glycerol. 

[For prepn. of C from ethyl a,/3,/9,/3-tetrachlorocthyl ether [Beil. 1-623, l2-(681)] (itself 
prepd. (25-33% yield (3)) cf. (7) from chloral ethylalcoholate (3:0860) with PCU) by 
protracted boilg. (4) (5) (1) w’ith abs. ale. (70% yield (3)) see indie, refs.; for formn. of C 
from chloral ethylalcoholate (3:0860) with CI2 at 80° (2), or from 75% ethyl ale. with 
CI2 (2), see indie, refs.] 

C above 200° or on distn. with cone. H2SO4 yields (2) anhydrous chloral (3:5210). 

C is stable toward alkalies <2) and is unattacked by HCl gas even at 150° (6). 

[C with K fer-butylate in ter-butyl ale. splits out HCl giving (76% yield (3)) dichloro- 
ketene diethylacetal, b.p. 177° at 732-740 mm., Dif = 1.1672, wf? = 1.4350 (3).] 

3:6317 ( 1 ) Paterno, Pisati, Gazz. chim. ital. 2, 333-338 (1872). (2) Byasson, Compt. rend. 87, 

26 (1878); Bull. aoc. chim.' {2) 32, 304-305 (1879). (3) Magnani, McElvain, J. Am. Chem. Soc. 

60, 2211-2212 (1938). (4) Wurtz. Frapolh, Jahreaber. 1872, 438. (6) Wurtz, Vogt, Zeit. fur 

Chemie, 1871, 680. (6) Jacobsen, Neunieistei, Ber. 15, 602 (1882). (7) Post. J. Org. Chem. 6, 

833 (1941). 


3:6318 /3,/3'-DICHLORO-ISOPROPYL ACETATE C6H8O2CI2 
(Glycerol a,a'-dichlorohydrin CH2CI 

/3-acetate, /3-aceto-a£,7-dichlorohydrin) I „ ^ _ 

HC — O.CO.CH3 


:h2Ci 


205° (1) 

at 760 

mm. 

(2) 

1^® = 

1.267 

(6) 

202-208° 




(3) 




204° 




(13) 

1.281 

(9) 

202-203° 

at 740 

mm. 

(4) 




194-195° 

u.c 



(W) 




193-195° 




<9) 




115-120° 

at 

40 

mm. 

(5) 




108-110° 

at 

40 

mm. 

(6) 




87-89° 

at 

12 

mm. 

(7) 




86° 

at 

12 

mm. 

(8) 




84.5° 

at 

8 

mm. 

(10) 





BeU. n - 130 
IIi-( 59) 
n2-(i4o) 


= 1.4513 (6) 

* 1.4555 (7) 
1.4542 (9) 


[See also 0fy-dichloro-n-propyl acetaie (3:6220).] 

[For prepn. of C from l,3-dichloropropanol-2 (“ a-dichlorohydrin ”) (3:5985) with 
AcCl (3:7065) under reflux (11) (9) (15) (3) or with AC2O (1:1015) (12) (13) in pres, of a 
trace of H2SO4 (8) see indie, refs.] 

[For prepn. of C from 3-chloro-l,2-epoxypropane (epichlorohydrin) (3:5358) with AcCl 
(3:7065) (73% yield (7)) in s.t. at 100° for 2 hrs. (10) or 30 hrs. (4) or with AC2O (1 : 1015) 
in s.t. at 180° for 4 hrs. (4) or in pres, of anhydrous FeCU at ord. temp, for 24 hrs. (90% 
yield (14)) see indie, refs.] 
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[For forum, of C from glycerol (1 : 6540) with AcCl (3 : 7065) (1 ) or with AcOH (1 ; 1010) 
-h HCl gas at 100® <1) or from glyceryl triacetate (triacetin) with HCl gas (5) see indie, 
refs^] 

[C with MeOH contg. 1% HCl at 60® for 6 hrs. gives (85% yield (7)) l,3-dichloro> 
propanol-2 (“ a-dichlorohydrin ”) (3:5985); for study of rate of hydrolysis of C with 
N/10 HCl see (15).] 

C with K phthalimide at 150-170® for hr., then extracted with AcOH, gives (3) 
bis-(phthalimido)i8opropyl acetate, m.p. 194° (3). 

3:6318 (1) Berthelot, de Luca, Ann. chim. (3) 63, 459-460 (1858). (2) Gibson, J. Soc. Chem. 

Ind. 50, 950 (1931) (3) Fairbourne, Cowdrey, J. Chem. Soc 1939, 133-134. (4) Truchot, 

Compt. rend. 61, 1171 (1865) , Ann. 138, 297-299 (1866), 140, 244-246 (1866). (5) De La Acena, 

Compt. rend. 139, 868 (1904). (6) Gibson, J. Soc Chem. Ind. 50, 973 (1931). (7) Sjoberg, 

Svensk Kem. Ttd. 53, 454-457 (1941) , Cent. 1943, 11^25; C.A. 37, 4363 (1943). (8) Wegseheider, 

Zmerslikar, Monatsh. 34, 1075 (1913). (9) Humnicki, BuU. soc. chim. (4) 280 (1929). (10) 

Abderhalden, Weil, Fermentforschung 4, 84 (1920) ; Cent. 1930, III 643. 

(11) Henry, Ber 4, 704 (1871). (12) Seelig, Ber. 34, 3470 (1891). (13) Bigot, Ann. chim. 

(6) 33, 492-^93 (1891). (14) Knoevenagel, Ann. 403, 134-138 (1914). (15) Bancroft, J. Am. 

Chem. Soc. 41, 425, 429 (1919). 


3:6333 m-CHLOROPHENETOLE CgHgOCl 

(/w-Chlorophenyl ethyl eth(;r) 


B.P. 

204-305® cor. at 717 mm. (1) = 1.1713 (1) 

304-306® (2) 



Beil. VI - 185 
VIi- 
Vlr- 


Colorless oil with agreeable odor. — Eas. sol. ale., ether, AcOH, CeHg. 

[For prepn. of C from ?n-chlorophcnol (3 : 0255) with EtI -f KOH on ale. in s.t. at 100® 
for 3 hrs. sec (1).] 

[C with HCN + CgHs + AICI 3 at room temp, for 2 hrs. followed by hydrolysis gives 
(^0% yield (2)) 2-chloro-4-ethoxybenzaldehydc [Beil. VIIl-81], m.p. 66.5° (2).J 
The direct nitration of C has not been reported. [Note, however, that all 4 possible 
mononitration products are known: viz., 3-chloro-2-nitrophenetole, m.p. 52® (3); 3-chloro- 
4-nitrophcnetole, m.p. 39-40® (3); 3-cliloro-5-nitrophcnetole, ni.p. 47® (4); and 3-chloro- 
6-nitrophenetole, m.p. 63® (3) (5), 62-63® (6). — The only known dinitro-derivative of 
C is 3-chloro-4,6-dinitrophenetole [Beil. Vl-2.59], m.p. 112® (7) (8). — The only known 
trinitro-derivativc of C is 3-chloro-2,4,6-trinitrophenetole [Beil. VI-2921, na.p. 51® (5). — 
All 6 of these nitro products were obtained indirectly.] * 

3:6333 (1) Wohlloben, Ber. 43, 4372 (1909). (2) Gattermann, Ann. 367, 349-350 (1907). (3) 
Hodgson, Clay, J. Chem So<-. 1930, 966. (4) van Erp, J. prakt. Chem. (2) 139, 335 (1931). 

(5) Blanksma, Rec. trav. chim. 31, 322, 325 (1904). (6) Beilstein, Kurbatow, Ann. 183, 110 

(1876). (7) Robert, Rec. trav. chim. 66, 939<1937). (8) Blanksma, Rec. trav. chim. 33, 123 (1904). 


2,3-DICHLOROPHENOL 



C6H4OCI2 


Beil. VI — 
VIi.(103) 
VI 2 - 


B.P. 306® 


M.P. 58® 


See 3 : 1175. Division A: Solids. 
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3:6327 BENZAL (DI)CHLORIDE / ScHCk C7H«Cl2 BeU. V - 297 
(Benzylidene (di)chloride, ^ ^ Vi-(152) 

a,a-dichlorotoluene; V2-(232) 

M,w-dichlorotoluene) 


B.P. 


F.P. 

16.2° cor. (9) D\* = 1.2667 <1) 


[307° cor. 

dW 

-16.0° to - 




-16.1° 

cor. (10) = 1.6603 

(8) 

205.3° at 

760 mm. (2) 

-16.4° 

'(11) 1.6602 

(13) 

305.15° at 

760 mm. (3) 

-17.0° 

(12) 


305° 

(37) 

-17.4° 

(2) 1>!( = 1.2609 (4) 


203.6° at 766.2 mm. (4) 


= 1.5515 (14) 

303.5° 

(5) 


See Note 2. See Note 3. 


301° 

(6) 




118° at 

60 mm. (7) 

Note 1. The b.p. of 214° given by (15) appears without 

104r-105° at 

30 mm. (8) 

justification. 

Dj®-* = 1.2122 (4): Dj*-* = 1.1877 


See Note 1. 


Note 2. 

(4): 


= 1.1257 <4). 

Note 3. The value of Wdj for mixtures of C with benzyl 
chloride (3:8535) (tid 1.5391 (13)) is a linear function 
of their composition (13). 


[See also benzyl chloride (3:8535) and benzotrichloride (3:6540).] 


Ordinary comml. C, usually obtd. by chlorination of toluene, frequently conts. benzyl 
chloride (3:8535) and benzotrichloride (3:6540), which are difficult (if not impossible) to 
remove by distillation methods. For purification of C by repeated fractional freezing 
see (5); for patent on purification of 0 from inorganic contaminants see (16). The best 
approach to pure C is from benzaldehyde by action of PCU (see below). 

C is insol. aq.; sol. ale., ether, or below —20® in equal vol. of pet. ether (17). 

[For a method for quant, detn. of C in mixtures with benzyl chloride (3:8535) and 
benzotrichloride (3:6540) see (18); for a rapid combustion method for detn. of chlorine 
in C see (19).] 


PREPARATION OF C 

From benzaldehyde. [For prepn. of C from benzaldehyde (1:0195) with PCls (yield: 
80-85% (20)) (21) in CHCI3 (9), with POCI3 in CeHe (22), with SOCI2 (23) (24), with 
COCI2 (3:5000) in s.t. at 120-130° (25), with oxalyl (di)chloride (3:5060) in s.t. at 130- 
140° for 2 hrs. (26), or with succinyl (di)chloride (3:6200) in s.t. at 100° (27) see indie, refs.] 
From toluene. [For prepn. of C from toluene (1.: 7405) with SO2CI2 (2 moles) in presence 
of a trace of dibenzoyl peroxide refluxed for 6 hours (90% yield (8)), with SOCI2 in s.t. at 
230-250° (28), with PCls in s.t. at 190-195° for 2 hours (29), or with NOGl at 350° (30) 
see indie, refs.] 

(For studies of formn. of C from toluene (1 : 7405) with CI2, especially in light, see the 
scientific papers (13) (31) (32) (33) and patents (34) (35) (36).] 

From other sources. [For formn. of 6 from benzyl chloride (3:8535) with CI2 (37) (38), 
with NOCl at 150° (39), or with PbCl4.2NH4Cl (40) see indie, refs. ; from various benzyl 
ethers by cleavage with PCls see (41); from a-chlorobenzyl chloroformate [Beil. VII-211] 
by loss of C()2 on distn. see (42); or from benzaldazine with NDCl see (43).] 
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CHEMICAL BEHAVIOR OF C 

Pyrolysis. {C passed over red-hot Pt wire gives (44) HCl and both cm (3:1380) and 
tram (3:4210) tolane dichlorides (af,a'-dichloro-a,a'-diphenylethylenes).J 
Reduction. (C with H2 in pres, of Pd/CaCOs (46) or Ni (46) in ale. KOH loses all its 
halogen as HCl (^e in quant, detn.) but the corresp. org. reduction prod, has not been 
characterized. — C with H2 in pres, of colloidal Pd in dil. ale. gives (47) toluene (1:7405), 
benzyl chloride (3:8535), and a-stilbene dichloride (3:4854). — C in MeOH/KOH with 
hydrazine hydrate in pres, of Pd gives (19% yield (48)) a-«tilbene dichloride (3:4854).] 
Hydrolysis. C upon hydrolysis yields benzaldehyde (1:0195) and HCl; frequently the 
reaction is so executed that the benzaldehyde reacts further according to the nature of the 
environment; examples of both types of reaction are cited below. 

[C with aq. in s.t. at 140-160® (1), with aq. in pres, of ferric salts (49) or metallic Fe (50) 
below 100®, with 50% aq. acetone at 72® (59), with cone. H2SO4 (2 moles) at 50® sutee- 
quently poured into aq. (51), with H3BO3 (1 mole) at 130-160® (52) (note that benzyl 
chloride (3 : 8535) is imafifected while benzotrichloride (3 : 6540) gives benzoic acid (1 : 0715) ), 
with boilg. aq. K2CO3 (53), with moist NiC03 at 120® or moist C0CO3 at 60® for 3 hrs. (60), 
with aq. Na2S03 at 110® (54), with ZnO in CeH® followed by aq. (55), with anhydrous 
formic acid (56) (57), or with anhydrous oxalic acid at 130® (58) gives (yields: 85% (52), 
82% (58), 79% (51), 76% (60), 75% (59),_70% (54), 30% (55)) benzaldehyde (1 :0195).] 
[For study of kinetics of hydrolysis of C at 30® and 60® in aq. acetone either directly or 
in pres, of H2SO4 or KOH see (61), with aq. or KOH in 95% ale. see (62): for study of in- 
fluence of substituents on hydrolysis of C see (61) (63) (64).] 

[C with AcOH -f ZnCl2 gives (65) benzaldehyde (1 :0195) + acetyl chloride (3:7065) + 
HCl. — C with anhydrous alkali acetate at 180-200® for 10-20 hrs. gives (66) cinnamic 
acid (1:0735). — C with AgOAc (32) (1) (67) or with PbO in AcOH (68) gives benzal 
diacetate [Beil. VII-210, VIIi-(119)], m.p. 45-46®.] 

Alcoholysis. [C with EtOH + ZnCb gives (65) benzaldehyde (1 :0195) + ethyl chloride 
(3 : 7015) + HCl; an analogous reaction occurs with C + ZnCl2 + aromatic alcohols (69). — 
C with sodium alcoholates under ord. press, gives the corresp. benzaldehyde acetals: e.g., 
C with MeOH/NaOMe at 100® for 15 hrs. pves (15% yield (70)) (67) benzaldehyde 
dimethylacetal [Beil. VII-209], b.p. 194-196®; C with EtOH/NaOEt at 100® for 24 hrs. 
gives (33% yield (70)) (67) benzaldehyde diethylacetal [Beil. VII-209, VIIi-(119)l, b.p. 
222®. — However, C with sodium alcoholates under press, in s.t. gives (70) benzaldehyde 
(1:0195) together with the corresp. alkyl chlorides.] 

Substitution. Chlorination. [C with CI2 in pres, of I2 gives (32) p-chlorobenzal (di)- 
chloride (3:6700). — Note, however, that C with excess liquid CI2 in s.t. in sunlight gives 
(71) an addn. prod., viz., benzal (di)chloride hexachloride, m.p. 153® (71); also that C 
with NOCl at 150® substitutes in the side chain giving (39) benzotrichloride (3:6540). — 
Note further that C with SO2CI2 + dibenzoyl peroxide does not react even when refluxed 
for 20 hrs. (8); cf. prepn. of C from toluene by this method (above).] 

Brominalion. (C with Br2 in pres, of metallic beryllium gives (72) p-bromobenzal (di)- 
hrwnide, b.p. 170-171® at 19 mm. (72). — C with Br2 at 120-140® gives (57) benzodichloride 
bromide, C6H5CCl2Br, b.p. 86-94® at 1 mm., and benzochloride dibromide, C6H60ClBr2, 
b.p. 98-103® at 1 mm.] 

Svlf (motion. [C with SOa does not sulfonate but instead undergoes hydrolysis: c.g., C 
with sulfuric acid monohydrate at 35® gives (73) a mixt. of benzaldehyde-sulfonic acids in 
the ratio 10% 0 - + 30% m- -|- 60% p-, although these products cannot be isolated as such.] 
Nitration. [All three isomeric mononitro derivatives of C are known, viz., o-nitrobebzal 
(di)chloride [Beil. V-332, Vi-(163)1, m.p. 27.5® (63), 26-26.5® (61), 25.7® (11); w^-nitrobensal 
(di)chloride [Beil. V-332, Vi-(163), V2-(254)], m.p. 64.5-65® (61), 64.5® (11); p-nilr6benzal 
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(di)chloride [Beil V-332, Vi-(163), V2-(255)], m.p. 43.0-43.5® (61), 43® (63), 42.8® (11); 
however, they are best prepared by reaction of the corresp. nitrobenzaldehydes with PCIb 
( 74) (75). — For thermal anal, of mixtures of the three nitrobenzal (di) chlorides see (11). — 
For study of the mononitration of C with anhydrous HNO3 in AcaO at 20® giving about 23% 
0- + 34% m- + 43% p- see (11) cf. (76). — Note that neither dinitro nor trinitro derivatives 
of C have been reported.] 

Behavior with other inorganic reactants. C with metals. [C with Na on htg. gives (1) 
stilbene (1:7250). For behavior of C with Na in liq. NH3 giving dibenzyl, benzylamine, 
and other products sec (80). — C with equal wt. of Cu powder at 100® for 12 hrs. couples 
with loss of 2 Cl giving (77) a-stilbenc dichloride (3:4854). — C on boiling with Cu in aq. 
Na2C03 for 24 hrs. gives (78) benzaldehyde-copper, 2C6H6 CHO Cu, green cryst., decg. 
about 220® without melting. — C with Cu in pyridine reacts vigorously (79), but the 
products have not been characterized.] 

C with inorganic salts [C with AICI3 in pet. eth. or CS2 evolves HCl and resinifies (37); 
C with yery small amt. AICI3 at —15® gives (small yield (81)) phenyl-m-dichloromethyl- 
phenylchloromethane, b.p. 285® at 750 mm.j 
[C with SbFs on htg. gives (82) (83) bcnzal (di)fluonde jBeil. V-290, Vr(149), V2-(224)], 
b.p^ 139.95° (83), = 1.13572 (84), nf? = 1.45775 (84) ] 

[C with ale. Na2S under N2 gives (85) cf. (86) monomeric thiobenzaldehyde, but this 
cannot be isolated since it immediately undergoes polymerization to /9-trithiobcnzaldehyde 
and/or other reactions. — C with ale. NaSH refluxed 3-4 hrs. gives (86) dibenzyl disulfide 
[Beil VI-465, VIi.(229), Vl2-(437)], m.p. 69-70® (86).] 

[C with cone. aq. NH4OH on stdg 4 inontlis at ord temp. (87), or C with ale. NH4OH 
in s.t. at 100° (88), or C with ale NH4OII -j- trace of Zn dust at room temp. (88), gives 
hydrobenzamide [Beil. VI 1-21 5, VIIi-(120)], m p. 110®, doubtless through intermediate 
hydrolysis to benzaldehyde since this can sometimes (88) bo isolated.] 

Behavior with organic reactants. C with hydrocarbons [C with CeHe in pres, of AICI3 
(37) (89), Cr (90), BcCl2 at 130-140® for 20 hrs. (91), or Zn dust (92) undergoes Fricdel- 
Crafts reaction giving (yields: 28 7% (91), 19.5% (90), 13 4% (37)) triphenylmethane 
(1:7220) frequently accompanied (37) (89) by other products such as diphenylmethane 
(1:7120) and triphenylchloromethane (3:3410). — C with CeHe + A1 + IIgCl2 at 50-55® 
gives (93) cf. (89) 9, lO-diphcuyl-9, 10-dihydroanthraccnc [Beil. V-745, V2-(681)], m.p. 164® 
(89), 159® (93).] 

[C with toluene in pres, of BeCl2 refluxed 3 hrs. gives (73% yield (91)) phenyl-di-p- 
tolylmethane (4,4'-dimethyl-triphenylraethane) [Beil V-712, Vi-(352), V2-(623)], ac- 
companied by other products. — C with toluene + Al + HgCb at 60-70® for 2 hrs. gives 
(93) a hydrocarbon C28H24, m.p. 185°, possibly having the structure 9,10-di-p-tolyl-9,10- 
dihydroanthracene. ] 

[C with o-xylene (1:7430) + AICI3 in acetylene tetrachloride (3:5750) as solvent gives 
(very small yield (94)) 2,3,6,7-tetramethyl-9,10-diphenylanthracene, m.p. 312°; note that 
this product has composition C30H26 and is not a dihydroanthraceno deriv.] 

[For use of C -f cone. H 2 SO 4 as a color test for various aromatic hydrocarbons see (95) 
(96).] 

C with phenols. [C with phenol at 120® for 10 hrs. condenses wit h loss of HCl giving 
(87% yield (70)) 4,4'-dihydroxy-triphenylmethane (leucobenzaurin) [Beil. VI-1042, 
VIi-(lOlO)], ndls. from aq. ale. or from CHCI3, m.p. 160-161® (corresp diacetate, m.p. 
115 ® (97)): this prod, is also obtd. from benzaldehyde (1:0195) by condensation with 
phenol (1:1420) in pres, of H2SO4 (yields: 25% (98), 22% (99)) or H3PO4 (100): note that 
the isomeric benzaldehyde diphenylacetal is imreported. For formn. of resin from C 
with phenol see (101).] 
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[C with 2 moles /3>naphthol (1 : 1540) on htg. condenses with loss of HCl + H2O giving 
(97% yield (102)) (103) 9-phenyl-l,2,7,8-dibenzoxanthene [Beil. XVII-98], pr. or this, from 
AcOH, m.p. 190-191° (103), 190° (102); this prod, is also obtd. from benzaldehyde (1:0195) 
by condensation with /8-naphthol in AcOH m s.t. at 200° for 2 days (104) or in pres, of 
H2SO4 (104) at 100°j see also under benzaldehyde (1:0195) for use as test for latter.l 
C with amines. [C with aniline (2 moles) in pres, of Zn dust (92) or BeCL at 120-125° 
for 2 hrs. (91) condenses giving (54% yield (91)) 4,4'-diamino-triphenylmethane [Beil. 
XIII-274, XIIIi-(89)], cryst. from CeHe with 1 mole solvent, m.p. 106° (106), 104-105° 
(92), cryst. from dry ether without solvent, m p. 139-140° (106), 139° (107) (corresp. 
diacetyl deriv., m.p. 233-234° (108) (109)); this compound is also obtd from benzaldehyde 
(1 :0195) by condensation with 2 moles aniline in various ways, e g , see (108) (106) (107).l 
[C with A,iV-dimethylaniline (2 moles) in pres, of ZnCl^ at 100° (110) condenses giving 
4,4'-6is-(dimethylamino)-triphcnylmethane (iet^o-Malachite Green) [Beil. XIII-275, 
XIIIi-(89)], cryst. from CeHe or ale. in 3 forms, m p. 102° (111) (112), m.p 93-94° (111), 
92-93° (112), and 77° (112) cf. (Ill); this prod is also obtd from benzaldehyde (1:0195) 
by condensation with 2 moles A^,JV“dimothylanilmc in various ways, e.g., with ZnCL at 100° 
(113) (112), or with POCI3 (aim. 100% yield (114)) ] 

[For study of reactivity of C toward pyridine or piperidine see (115).] 

C with other nitrogenous reactants. [C (excess) with thiourea at not above 150° gives 
(116) (117) a salt, C9H9N3S2 HCl, m.p. 236° (117), regarded as4,6-di-imino-2-phenyl- 
1,3,5-dithiazane (117). — For analogous behavior of C with A-phenyl thiourea and with 
iV'-(/>-tolyl)-thiourea see (117) ] 

[C with Zn salt of o-aminophenyl mercaptan in AcOH/NaOAc refluxed 30 min. in current 
of H2S gives (low yield (118)) 2-phenylbcnzothiazole, m.p. 114° cor ] 

C with organometalhc reactants. [C with MeMgl gives (22% yield (119)) a-stilbene 
dichloride (3:4854) -|- ethane but no isopropylbenzene (cumene) or s^m.-dimethyldiphenyl- 
ethane; however, C with MeMgCl gives (120) no a-stilbene dichloride but instead a mixture 
of four other compds., viz., Isopropylbenzene (cumene) (1:7440), l-chloro-l ,2-diphenyl- 
propane, and two forms of 2,4-diphenylbutane.l 

[C with CellsMgBr gives (119) cf. (121) triphenylmethane (1:7220) -f a-stilbene di- 
chloride (3:4854) + biphenyl (1 :7175) ] 

[C with Mc2Zn gives (122) isopropylbenzene (cumene) (1 :7440).] 

[C does not react with Hg di-/>-tolyl even on refluxing in toluene for 300 hrs. (123).] 

® Hydrolysis to benzaldehyde: C on boilg. with 10% K2CO3 soln. gives benzaldehyde 
(1:0195); after acidification with HCl the benzaldehyde may be detected with fuchsin 
aldehyde reagent. (Dif. from pure benzyl chloride (3:8535) or pure benzotrichloride 
(3:6540).) 

(© Benzaldehyde phenylhydrazone: m.p. 156° u.c. (From C with 3 moles phenyl- 
hydrazine refluxed in ale. for 2 hrs. (55% yield (124)); note that from the mother 
liquor small amounts of an isomeric (7) benzaldehyde phenylhydrazone, m.p. 154- 
155°, are obtd. (124).] 

Benzaldehyde’ semicarbazone : m.p. 219-220° u.c. (124). [From C (3.2 g.) with 
semicarbazide hydrochloride (4.4 g.) + Na2C03 (2.1 g.) refluxed a few hrs. in ale. and 
the ppt. recrystd. from hot aq. (124); note that the m.p. of this prod, varies somewhat 
with rate of htg. cf. (1 .0195).] 

3:6327 (1) Limpricht, Ann. 139, 317-321 (1866). (2) Timmermans, BvU. soc. chim. Belg. % 5 , 

334-343 (1913) ; Cent. 1914, 1 618. (3) Lccat, Ann. soc. sci. Bruxelles B-47, 68 (1927) ; Cent. 1927, 
II 905; C.A. 22, 4296 (1928). (4) Schiff, Ber. 18, 663 (1886). (5) Olivier, Weber. Rec. trav. 

chim. 53, 880 (1934). (6) Lock, Asinger, Monatsh. 59, 157 (1932). (7) I^auer, J. prakt. Chem. 
(2) 142, 267 (1936). (8) Kharasch, Brown, J. Am. Chem. Soc. 61, 2146 (1939). (9) Sutton, 
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Proc. Roy. Soe. {London) A-ISS, 672-673 (1931). <10) von Schneider, Z. phyaik. Chem, 2IZ, 234 
(1897). 

(11) Holleman, Vermeulen, DeMooy, Ree. trav. chim. 33, 17-25 (1914). (12) Altschul, von 
Sc^eider, Z. physik. Chem. 16, 24 (1895). (13) King, Beazley, Proc. Nova (Scotian Acad, jSci., 

18, 204-212 (1932-33); Cmi. 1934, I 3201; C.A. 38, 2686 (1934). (14) Cotton, Mouton, Ann. 
chim, (8) 38, 214 (1913). (15) “ International Critical Tables,” Vol. 1, p. 208 (1926). (16) 
Britton (to Dow Chem. Co.), U.S. 1,804,458, May 12, 1931; Cent. 1931, II 497; C.A. 35, 3668 
(1931). (17) Prins, Rec. trav. chim. 43, 26 (1923). (18) Lubs, Clark, J. Am. Chem. Soc. 40, 
1449-1453 (1918). (19) Van Winkle, Smith, J. Am. Chem. Soc. 43, 333-347 (1920). (20) 

Asinger, Lock, Monaish. 63, 331-333 (1933). 

(21) Cahours, Ann. 70. 39-40 (1849). (22) Backes, Compt. rend. 196, 1674^1675 (1933). (23) 
Loth, Michaelis, Ber. 37, 2548 (1894). (24) Hoering, Baum, Ber. 41, 1918 (1908). (25) Kempf, 
J. prakt. Chem. (2) 1, 412-413 (1870). (26) Staudinger, Ber. 43, 3976 (1909). (27)j Rembold, 
Ann. 188, 189-190 (1866). (28) Meyer, Monaish. 86, 729 (1915). (29) Colson, Gautier, Ann. 
chim. (6) 11, 21-22 (1887). (30) Moyer (to Solvay Process Co.), U.S. 2,152,357, March 28, 1939; 

Cent. 1989, II 1775, [C.A. 88, 6001 (1939)]. 

(31) Mason, Smale, Thompson, Wheeler, J. Chem. Soc. 1981, 3150-3157. (32) Beilstein, 

Kuhlberg, Neuhof, Ann. 146, 322-323, 327 (1868). (33) Beilstein, Ann. 116, 336-341 (1860). 

(34) Conkhn (to Solvay Process Co.), U.S. 1,828,858 + 1,828,859, Nov. 27, 1931; Cent. 1983, I 
1575; [C.A. 36, 632 (1932)]. (35) Imperial Chemical Industries, Ltd., and Wheeler, Brit. 378,866, 

Sept. 15, 1932; Cent. 1933, II 936; [C.A. 37, 3947 (1933)]. (36) The Selden Co., Swiss 87,961, 
Jan. 17, 1921 ; Cent. 1931. IV 354; not in C.A. (37) B6eseken, Rec. trav. chim. 33, 311-312 (1903). 
(38) Zelinsky, Schering-Kahlbaum, A.G., Ger. 478,084, June 20, 1929; Cent. 1939, II 1216; C.A. 
38, 4228 (1929). (39) Perrot, Compt. rend. 198, 1424-1426 (1934). (40) Seyewetz, Trawitz, 
Compt. rend. 186, 241 G903). 

(41) Whitmore, Langlois, J. Am. Chem. Soc. 55, 1518-1520 (1933). (42) F. Bayer and Co., 
Ger. 121,223, June 3, 1901; Cent. 1961, II 69. (43) Franzen, Zimmermann, Ber. 40, 2011-2012 

(1907). (44) Ldb, Ber. 36, 3060 (1903). (45) Busch, StOve, Ber. 49, 1068 (1916). (46) Kelber, 
Ber. 50, 309 (1917). (47) Borsche, Heimburger, Ber. 48, 457-458 (1916). (48) Busch, Weber, 

J. prakt. Chem. (2) 146, 49-50 (1936). (49) Schultze, Ger. 82,927, July 22, 1&95; FnedUlnder 4, 
143 (1899). (50) Schultze. Ger. 85,493, Jan. 13, 1896; Fnedldnder 4, 145 (1899). 

(51) Oppenheim, Ber. 3, 212-214 (1869). (52) Makaroflf-Semliansky, Prokin, J. prakt. Chem. 

(2) 147, 317-320 (1936/37). (53) Meunier, BvU. soc. chim. (2) 38, 160 (1882). (54) Ger, Russian 
40,349, Dec. 31, 1934;'een<. 1985, II 3704; [C.A. 30, 3838 (1936)]. (55) Davies, Dick, J. Chem. 
Soc. 1933, 2808. (56) Gavankar, Heble, Wheeler, J. Univ. Bombay 6, Pt. II, 112-113 (1937); 

Cent. 1938, I 4610; [C.A. 33, 3757 (1938)]. (57) Heble, Nadkarni, Wheeler, J. Chem. Soc. 1938, 

1322-1323. (58) Anschiitz, Ann. 336, 18 (1884). (59) Asinger, Lock, Monaish. 63, 323, 330 

(1933). (60) Vanin, Chernovarova, J. Russ. Phys.-Chem. Soc. 59, 891-894 (1927); Cent. 1938, 
I 2941; [C.A. 33, 3107 (1928)]. 

(61) Olivier, Weber, Rec. trav. chim. 53, 869-890 (1934). (62) Petrenko-Kritschenko, Opotzky, 

Ber. 59, 2136 (1926). (63) Asinger, Lock, Monaish. 63, 323-348 (1933). (64) Lock, Asinger, 

Monatsh. 59, 152-160 (1932). (65) Jacobsen, Ger. 11,494, Dec. 7, 1879; Friedl&nder 1, 24 

(1888), (66) B.A.S.F.. Ger. 17,467, Aug. 14, 1880, Friedldrider 1, 26 (1888); B.A.S.F., Ger. 

18,232, Feb. 16, 1881, Friedl&nder 1, 28 (1888). (67) Wicko, Ann. 103, 363-368 (1857). (68) 

Bc^oux, BuU. soc. chim. (3) 31, 331-333 (1899). (69) Jacobsen, Ger. 13,127, May 25, 1880; 

Friedl&nder 1, 26 (1888). (70) Mackenzie, J. Chem. Soc. 79, 1212-1220 (1901). 

(71) van der Linden, Rec. trav. chim. 57, 1080-1083 (1938). (72) Pajeau, Compt. rend. 304, 

1203 (1937). (73) Lauer, J. prakt. Chem. (2) 143, 252-257 (1935); (2) 143, 127-138 (1935). 
(74) KUegl, Ber. 40, 4939 (1907); 43, 2583 (1909). (75) Zimmermann, MiiUer, Ber. 18, 997 
(1885). (76) Flilrscheim, Holmes, J. Chem. Soc. 1938, 1607-1616. (77) Onufrowicz, Ber. 17, 

835-836 (1884). (78) BernouiUi, Schaaf, Helv. Chim. Acta 5, 726-728 (1922). (79) Karrer, 

Wehrli, Biedermann, dalla Vedova, Helv. Chim. Acta 11, 233 (1928). (80) Dean, Berchet, J. 
Am. Chem. Soc. 53, 2825 (1930). 

(81) Wertyporoch, Farnik, Ann. 491, 265-271 (1931). (82) van Hove, BuU. acad. roy. Bely. 
1913, 1074-1093; Cent. 1914, 1 1565; not in C.A. (83) Swarts, J. chim. phys. 17, 31 (1919). (84) 

Swarts, J. chim. phys. 30, 65 (1923). (85) Wood, Bost, J. Am. Chem. Soc. 59, 1011-1012 (1937). 

(86) Fromm, Schmoldt, Ber. 40, 2869-2870 (1907). (87) Engelhardt, Ann. 110, 77-78 (1859). 
(88) BOttinger, Ber. 11, 841 (1878). (89) Linebarger, Am. Chem. J. 13, 556-559 (1891). (90) 
Chakrabarty, Dutt, J. Indian Chem. Soc. 5, 513-518 (1928) ; Cent, 1939, 1 501 ; [C,A. 33, 822] 
(1929)]- 

(91) Bredereck, Lehmann, SchOnfeld, Fritzsche, Ber. 73, 1415-1416, 1423 (1939). (92) 
BOttinger, Ber. 13, 976 (1879). (93) Bay, J. Chem. Soc. U7, 1336, 1338 (1920). (94) Barnett, 
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J. Chem, Soc. 1039 , 348. (96) Levy, Campbell, /. Chem. Soe. 1089 , 1442, 1446. (96) Lippmann, 
Poliak, Monatah. 28, 670-671 (1902). (97) Meyer, Gerlofif, Ber, 66, 103 (1923). (98) Zincke, 
Wollenberg, Ann. 868, 268 (1908). (99) Russanow, Ber. 22, 1944-1946 (1889). (100) Tanaaescu, 
Simonescu, J. prakt. Chem. (2) 141 , 318 (1934). 

(101) Baekeland, Bender, Ind. Eng. Chem. 17 , 236 (1925). (102) Dilthey, Quint, Heinen, J. 
prakt. Chem. (2) 162 , 66 (1939). (103) Mackenzie, Joseph, J. Chem. Soc. 86 , 793 (1904). (104) 
Claisen, Ann. 287 , 265-270 (1887). (105) Bdttinger, Ber. 11 , 276-277 (1878). (106) Fischer, 
Ann. 206 , 147-155 (1880). (107) Weil. Sapper, Kramer, KlOter, Selberg, Ber. 61 , 1299 (1928). 

(108) Baeyer, Villiger, Ber. 37 , 2860 (1904). (109) Shoesmith, Sosson, Hetherington, J. Chem. 
Soc. 1027 , 2227. (110) Fischer, Ann. 206 , 136-137 (1880). 

(Ill) F. Fischer, O. Fischer, O. Lehmann, Ber. 12, 798 (1879). (112) Heertjes, Bakker, van 
Kerkhof, Rec. trav. chim. 62 , 738-739 (1942). (113) Fischer, Ann. 206 , 122-129 (1880). (114) 
Nencki, Monatsh. 0 , 1148-1149 (1888). (115) Tronov, J. Rues. Phya.-Chem. Soc. 68, 1278-1301 
(1926); Cen<. 1027 , II 1145-1146; C.A. 22 , 2737 (1928). (116) Abel, Am. Chem. J. 13 , 118-119 
(1891). (117) Underwood, Dains, J. Am. Chem. Soc. 67 , 1769-1770 (1935). (118) Bogert, 

Stull, J. Am. Chem. Soc. 47 , 3081 (1925). (119) Fuson, Ross, J. Am. Chem. Soc. 66, 720-722 
(1933). (120) Ellingboe, Fuson, J. Am. Chem. Soc. 66, 2960-2964 (1933). 

(121) Reychler, Bull. aoc. chim. (3) 36 , 739-740 (1906). (122) Liebmann, Ber. 13 , 45-46 
(1880). (123) Whitmore, Thurman, J. Am. Chem. Soc. 61 , 1493, 1497 (1929). (124) Bodforss, 
Ber. 60 , 666-670 (1926). 


3 : 6336 l,2,3-TRICHLORO-2 (CHLOROMETHYL) C 4 H 6 CI 4 

PROPANE CH 2 CI 

— CHs 

ii ii ii 

B.P. 206-310° cor. (1) = 1.481 (1) = 1.508 (1) 

87° at 9 mm. (2) 

Colorless odorless oil ( 2 ). 

[For formn. of C (together with other products) from ier-butyl chloride (3:7045) + CI 2 
see (1); from 3-chloro-2-(chloromethyl)propene-l (3:5633) in CHCI 3 by shaking with 
Cb/aq. see ( 2 ).] 

3:6336 (1) Rogers, Nelson, J. Am. Chem. Soc. 68 , 1028 (1936). (2) Kleinfeller, Ber, 63 , 1695 
(1929). 


1,8,6-TRICHLOROBENZENE Cl/\ci CeHsCls Beil. V - 204 

1 Vi.(113) 

V2-(156) 

B.P. 208® M.P. 63® 

See 3 : 1400. Division A : Solids. 


3:6345 2,3-DlCHLOROTOLUENE CHs 07 H 6 a 2 Beil. 7-295 



Beil. I — 
Ii- 
12.(89) 


B.P. 207-208® at 760 mm. (1) 
204r-206® at 766 mm. (2) 
61-62® at 3 mm. ( 8 ) 


> 1.5511 (8> 
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[For prepn. of C from 2-chloro-3-aminotoluene [Beil. XII-870, XIIi-(404)] via diazotiza- 
tion and use of CU 2 CI 2 reaction (aim. quant. 3 rield <2), 64% ( 8 )) see indie, refs.; for formn. 
of C (together with other dichlorotoluenes) from toluene or o-chlorotoluene (3:8245) with 
CI 2 in pres, of FeCls or MoCls see (3) <4), from o-chlorotoluene + CI 2 + Al/Hg see (4).] 

[C with CI 2 in pres, of Al/Hg gives (70% yield (5)) 2,3,4-trichlorotoluene (3:0425), 
m.p. 41®.] [C with Br 2 at 180-200° gives ( 8 ) 2,3-dichlorobenzal (di)bromide (not isolated) 
which on hydrolysis with cone. H 2 SO 4 gives (71% yield ( 8 )) 2,3-dichlorobenzaldehyde 
(3:1480).] 

C on mononitration with cone. HNO 3 .( 6 ) or cold mixt. of 2 pts. cone. HNO 3 + 3 pts. 
cone. H 2 SO 4 ( 2 ) yields 2,3-dichloro-4-nitrotolucne [Beil. V-332], ndls. from ale. -f AcOH, 
m.p. 50.5-51.5° (2), 51° < 6 ); C on dinitration with mixt. of 7 pts. fumg. HNO 3 -f 3.5 pts. 
cone. H 2 SO 4 yields ( 2 ) 2,3-dichloro-4,6-dinitrotoluene [Beil. V-345], cryst. from AcOH or 
ale., m.p. 71-72° (2). 

C on oxidn. with alk. KMn 04 ( 6 ) or with dil. HNO 3 for some hrs. in s.t. at 140° ( 2 ) ( 6 ) 
yields 2,3-dichlorobenzoic acid (3:4650), m.p. 166° ( 6 ), 163° (2). 

C on sulfonation with 2 pts. 10 % oleum at 50° gives (7) mixt. of 89% 2,3-dichlorotoluene- 
sulfonic acid -6 (corresp. sulfonyl chloride, m.p. 51-52° (7), corresp. sulfonamide, m.p. 228° 
(7)) and 11% 2,3-dichlorotoluenesulfonic acid-5 (corresp. sulfonyl chloride, m.p. 87° (7), 
corresp. sulfonamide, m.p. 185° (7)). 

3:6845 (1) Wynne, Greovea, Proc. Chem. Soc. 11, 151 (1895). (2) Cohen, Dakin, J. Chem. Soc. 

79, 1128-1129 (1901). <3> Seelig, Ann. 237, 157, IGG (1887). (4> Ref. 2, pp 1114-1117. (5) 

Cohen, Dakin, J. Chem. Soc. 81, 1339-1.340 (1902). (G) Ref. 3, pp. 162-1G3. (7) Silvester, 
Wynne, J. Chem. Soc. 1936, 692-G94. (8) Marvel, Overberger, Allen, Johnston, Saunders, 
Young, J. Am. Chem. Soc. 68, 861-862 (1946). 

C 7 H 6 CI 2 BeU. V - 296 

Vi-(152) 
V 2 — 


1^8 - 1.2541 (1) 

1.2512 (4) 

ng = 1.5490 (1) 

For f.p./ compn. diagram of system : C -f- 2,4-dichlorotoluene (3 : 6290) see ( 1 ) ; the eutectic 
conts. 52% C and freezes about —38° ( 1 ). 

[For prepn. of C from 4-chloro-3-aminotoluene [Beil. XII-871, XIIi-(404)] by diazotiza- 
tion and CU 2 CI 2 reactn. (77% yield (5)) see (5) ( 6 ); similarly from 3-chloro-4-aminotoluene 
[Beil. XII-989, XIIi-(436)] see <4) (3) ( 1 ); from 2-cliloro-4-methylphenol (3:6215) with 
PCls see (7); from salts of 3,4-dichlorotoluenesulfonic acid -2 or 3,4-dichlorosulfonic acid -5 
by hydrolysis see < 8 ).] 

[For formn. of C (42% together with 58% 2,4-dichlorotoluene (3:6290)) from p-chloro- 
toluene (3 : 8287) with CI 2 in pres, of Fe see < 1 ); for formn. of C (together with other isomers) 
from toluene with CI 2 in pres, of I 2 <9) ( 10 ) or of MoCls ( 11 ) ( 12 ) or with SO 2 CI 2 at 160° (13) 
see indie, refs.; for formn. of C (together with other isomers) from ?n-chlorotoluene (3:8275) 
or p-chlorotoluene (3:8287) with CI 2 in pres, of Al/Hg see (14).] 

[C with Cl 2 jn pres, of Al/Hg yields exclusively (15) 2,4,5-trichlorotoluene (3:2100), m.p. 
81-82° (15); C at its b.p. treated with CI 2 yields (16) (5) (17) 3,4-dichlorobenzal dicUoride 
(3:6876), b.p. 257°. 


3:6355 8,4-DICHLOROTOLUENE CHa 



B.P. F.P. 

207-208.1° cor. at 770 mm. (1) -16.0° (1) 

208.3-208.8° at 746.6 mm. (2) 

205.5-206.5° (3) 

200.5° U.C. at 741 mm. (4) 
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C on mononitration with mixt. of 2 pts. cone. HNOs + 4 pts. cone. H2SO4 yields (6) (18) 
3,4-dichloro-6-nitrotoluene [Beil. V-331], ndls. from ale. + AcOH, m.p. 63-64® (6) (19), 
63® (20); C on dinitration yields (6) 3,4-dichloro-2,6-dinitrotoluene [Beil. V-345J, ndls. 
from AcOH, m.p. 91.5-92.5® (6) (19). 

C on oxidn. (2) with CrOa (9) (10), with KMn04 (21), or with dil. HNO3 in s.t. at 130- 
150® (4) (6) (8) yields 3,4-dichlorobenzoic acid (3:4925), m.p. 206®. 

[C on sulfonation with fumg. H2SO4 yields (6) 3,4-dichlorotoluenesiilfonic acid-6 (corresp. 
sulfonyl chloride, m.p. 81® (6), 82° (22), corresp. sulfonamide, m.p. 190-191® (6), 189® (22)); 
note, however, that the isomeric derivs., viz., 3,4-dichlorotoluenesulfonyl chloride-2, m.p. 
49® (8), and 3,4-dichlorotoluenesulfonamide, m.p. 186® (8), have been independently prepd.J 

3:6355 (1) Wahl, Compt. rend. 202 , 2161-2163 (1936); Bvll. hoc. chim. (5) 4 , 344-349 (1937). 
(2) Kraay, Rec. trav. chim. 49 , 1085, 1090 (1930). (3) Wynne, J. Chem Soc. 61 , 1059-1060 
(1892). (4) Lellmann, Klotz, Ann. 231 . 312-314 (1885). (5) Ruggli, Zaeslin, Lang, Heh. 

Ch%m. Acta 21 , 1248 (1938). (6) Cohen, Dakin, J. Chem. Soc. 79 , 1133 (1901). (7) Schall, 
Dralle, Ber. 17 , 2535 (1884). (8) Wynne, J. Chem. Soc. 1936 , 702, 705. (9) Beilstein, Kuhl- 
berg, Ann. 146 , 319 (1868); 152 , 224 (1869). (10) Beilstein, Ann. 179 , 283 (1875). 

(11) Aronheim, Dietrich, Ber. 8 , 1402 (1875). (12) Schultz, Ann. 187 , 263 (1877). (13) 

Tohl, Eberhard, Ber. 26 , 2942 (1893). (14) Ref. 6, pp. 1117-1118. (15) Cohen, Dakin, J. 

Chem. Soc. 81 , 1343 (1902). (16) Beilstein, Kuhlberg, Ann. 160 , 291 (1869). (17) Booth, El^y, 

Burchfield, J. Am. Chem. Soc. 67 , 2068 (1935). (18) Ruggli, Zaeslin, Hel-o. Chim. Acta 19 , 437 

(1936). (19) Cohen, Dakin, J. Chem. [Soc. 81 , 1349 (1902). (20) Kenner, Tod, Witham, J. 

Chem. Soc. 127 , 2348 (1925). 

(21) Bornwater, Holleman, Rec. trav. chim. 31 , 228-229 (1912). (22) Silvester, Wynne, J. 

Chem. Soc. 1936 , 692. 

3:6370 HEXACHLOROPROPENE 


B.P. 

300-310® at 760 mm. (1) (2) 

133-133® at 60 mm. (1) 

99® at 16 mm. (2) 

Oil with fragrant odor. — Insoluble aq. 

[For prepn. of C from sj/m.-heptachloropropane (3 : 6860) by loss of HCl in presence of 
AICI3 in CCI4 at 60-70® (83% yield) see (3); from asr/w.-heptachloropropane (3:0200) by 
htg. at 250-420®, especially in presence of ZnCl2 or CuCl (4) (with latter tetrachloroethylene 
(3:5460), is also formed (4) (5)), or by htg. with ale KOH at 50-60° (90% yield (6)) (1); 
from heptachloro-w-butyraldehyde [Beil. Ii-(34())] by actn. of 2 moles NaOEt see (7).] 

C with Aids -j- 1 mole tricliloroethylene (3:5170) in CH2CI2 (3:5020) or CHCI3 (3:5050) 
at 30-37® gives (82% yield (6)) 1,1,2,3,3,4,5,5,5-nonachloropentene-l, colorless liq. with 
cedar-like odor, b.p. 128° at 2-3 mm., 86° at 0.2 mm.. Dig = 1.812, n|? = 1.5703 (6); with 
excess trichloroethylene (3:5170) prod, is mixt. consisting exclusively of two dodecachloro- 
heptenes, C7H2CI12, one m.p. 94-96°, the other, m.p. 58-62® (6). 

C with AICI3 + 1,2-dichloroethylene (3:5030) in CH2CI2 soln. yields (8) a single 1,1,2,3,- 
3,4,5,5-octacliloropentene-l, b.p. 145-147° at 11 mm., 113-113.5° at 2 mm., DU = 1.749, 
ni) = 1.5607 (8). [This product with cone. H2SO4 gives (80% yield (8)) a mixt. of penta- 
chlorobutenecarboxylic acids (8).] 

C forms with AICI3 at 80® a yel. cryst. addn.-prod. sparingly sol. in CCI4 but regenerating 
C upon treatment with aq. (8). 

C on cautious warming with cone. H 2 SO 4 (9) (10) (2) (11) or on boilg. with an aqueous 
suspension of BaCOs (2) yields a,/3,/9-trichloroacrylic acid (3 : 1840) spar. sol. cold aq., eas. 
sol. hot aq., pr. from CS 2 , m.p. 76® (2). 


Cl 

cue— (!:=cci2 


CjCU 


BeU. I ■ 200 
Ii-( 83) 

I2 


= 1.7662 (1) ng* = 1.5091 (1> 
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C does not add Bra <10), but C in sunlight adds Cla yielding (10) octaohloropropane 
(8:4450) q.v. 

C with ale. NaOEt yields (1) triethyl or<^o-a,/5,/5-trichloroacrylate, b.p. 236-237®, » 

l. 2183, nf? « 1.4649 (1). [This ortho ester on htg. with 2 vols. cone. HCl yields (1) ethyl 
a,/5,/9-trichloroacrylate, b.p. 192-194®, D4® = 1.3740, nf? « 1.4839 (1), which can be 
hydrolyzed by conventional methods to a,/9,/^trichloroacrylic acid (see above).] 

S:687d ( 1 ) Fritsch, Ann. 297, 314-316 (1897). (2) Bdeseken, Dujardin. Rec. trav. chim. 89, 

98-100 (1913). <3) Prins, Rec. trav. chim. 54, 251-252 (1935). (4) Boeseken, van der Scheer, 
de Voogt, Rec. trav. chim. 34, 78-95 (1915). (5) B5esekeD, Rec. trav. chim. 45, 467-468 (1915). 
(6) I^rins, Rec. trav. chim. 57, 661-662 (1938). (7) Bdeseken, Schimmel, Rec. trav. chim. 39, 132 
(1913). (8) Prins, Rec. trav. chim. 56, 781-783 (1937). (9) Prins, Ger. 261,689, 1913; 

Cent. 1918, II 394. <10) Prins, J. prakt. Chem. (2) 89, 41&-416 (1914). 

(11) Bdeseken, Carridre, Rec. trav. chim. 34, 179-186 (1915). 

3:6373 DI(TMCHLOROVINYL) ETHER Cl Cl C4OCI6 Beil. I - 725 

Il- 
ls- 

B.P, 210® (1) = 1.654 (1) 

[For prepn. of C from decachlorodiethyl ether (3:1676) by treatment with ale. KaS 
see (1).] 

C with CI2 in sunlight adds 2 moles halogen yielding (1) decachlorodiethyl ether (3: 1676), 

m. p. 69®. 

C with Bra in sunlight adds 2 moles halogen yielding (1) &i8-(a,/9-dibromo-a,/9,/9-tricbloro- 
ethyl) ether, m.p. 96® (1). 

3:6373 (1) Malaguti, Ann. chim. (3) 16, 19--28 (1846). 



3:6375 

ETHYL 7-CHLOROACETOACETATE CgHaOsCl 

Beil, m - 663 


(Ethyl 7-chloro-/3-keto-n- 

CHtr-C—CHa— C=0 

nil- (033) 


butyrate) 


d)! ^ 

in2-(406) 

B.P. 


F.P. 

(2) (9) ■= 1.0167 {4> 


iilO°dec. 

(1) -5“ 


S05° dec. 

(2) (9) -8“ 

(1) 

niJ = 1.4646 (4) 

117-110“ at 17 mm. 

(3) 

DI^ = 1.0176 (4) 

107* 

at 14 mm. 

<4> 


1.46460 <1) 

105“ 

at 11 mm. 

<2) (9) 

1.0180 (4) 


loa* 

at 12 mm. 

(1) 


103“ 

at 12 mm. (19) 



00-03“ 

at 6 mm. (19) 



80“ 

at 3 mm. (19) 




\8ee also ethyl a^hioroocetoacetaie (3 : 6207).] 

Colorless limpid liq. which soon turns yellow (4). — Almost insol. aq. but mbcible with 
most org. solvents. — [Note that purity of material of earlier workers (5) has been seriously 
questioned (2).] 

[For prepn. of C from acetylketene (ketene dimer (6) (7)) by conversion with Cla'to 
Y-chloroacetoacetyl chloride (3 : 9088) and reactn. of the latter with excess abs. EtOH at 0® 
see (3); from ethyl chloroacetate (3:5700) (2 moles) with Mg (1 mole) in dry ether contg. 
HgCla (56% yield (1)) cf. (19) or with Mg in dry ether contg. I2 (35% yield (4)) or with 
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Al/Hg in pres, of a trace of EtOH <8) see indie, refs.; from chloroacetaldehyde (3:7212) 
with ethyl diazoacetate see (5); from ethyl 7-chloro-<9-hydroxy-n-butyrate (Beil. I1I-310, 
IIIi-(116)l by careful oxidn. with K2Cr207 4- H2SO4 (poor yield) see <9).] 

C on hydrolysis with aq. HCl for 3 hrs. undergoes ketonic splitting yielding <1) chloro- 
acetone (3:5425) + CO2 4- EtOH (note that this does not distinguish C from ethyl a- 
chloroacetoacetate which yields same products). 

[C with ale. NaOEt at 100° undergoes bimolecular condensation with loss of 2 HCl 
yielding (10) diethyl succinylosuccinate [Beil. X-894, Xi-(434)], m.p. 125-126° (10); 
this same condensation is also effected by other alkaline agents, e.g., sodium phenolate, 
dil. aq. NaOH, NH4OH, NH3 in ether, KOAc alone or in pres, of ale. or CeHe, diethyl 
sodiomalonate or Me2NH in CeHe, or K phthalimide (10).] 

[C with ethyl orthoformate (1:3241) in AC2O refluxed for ^ hr. ppts. on cooling (45% 
yield (11)) ethyl 7-chloro-a-ethoxymethylene-acetoacetate, colorless ndls. from ale. or 
CeHe, m.p. 98° (11).] 

Note that C is capable of displaying keto-enol tautomerism as is shown by the following 
reactions: 

C with FeCla soln. gives red coloration (1) (4) (9) (19); C conts. 10.9% enol, but 4% soln. 
of C in ether conts. 53% enol. (19). 

C forms a series of metallic salts of the enolic form; these are in general insol. in aq. but 
soluble in org. solvents: e.g., Cu(C6H803CI)2 (from C on shaking with aq. Cu(OAc)2), 
green ndls. from CeHe, m.p. 168-169° dec. (9) (4) cf. (19), 167.5° dec. (1), 163° (8); Mg- 
(CeH803Cl)2 (from C shaken with aq. MgS04 4- NH4CI), m.p. 170° (1); Zn(C6H808Cl)2 
(from C on shaking with NH40H/ZnS04), m.p. 121° (1); Ni(C6H803Cl)2 (from C on shaking 
with Ni(OAc)2 + NH4OH), m.p. 131-132° (1); other metals behave similarly (1). 

C couples with diazonium salt solns. in pres, of NaOAc yielding the corresp. a- (aryl- 
hydrazones) of ethyl 7-chloro-a,/8-diketo-n-butyrate (ethyl 7-chloro-a-(arylazo)aceto- 
acetates (cf. dif. behavior of isomeric ethyl a-chloroacetoacetate (3:6207)): e.g., C with 
benzenediazonium chloride soln. in pres, of NaOAc at 0° gives (12) (13) ethyl 7-chloro-/?- 
keto-a-phenylhydrazono-n-butyrate, sparing sol. yel. ndls. from ale., m.p. 92-93° (12) (13), 
92° (14) (note that this prod, on htg. with ale. KOAc loses HCl and ring-closes to 3-carb- 
ethoxy-4-hydroxy-l-phenylpyrazole, colorless pr. from ale., m.p. 85° (14) (15)); similarly 
C with p-nitrobenzenediazonium chloride soln. in pres, of NaOAc at 0° gives (16) ethyl 
7-chloro-a-(p-nitrobenzeneazo)acetoacetate, yel. ndls. from ale., m.p. 135° (16) (note that 
this prod, with hot ale. KOAc loses HCl and ring-closes to 3-carbethoxy-4-hydroxy-l- 
(p-nitro)phenylp3n'azole, colorless ndls. from AcOH, m.p. 220° (16). — [For analogous 
reactions of C with numerous other diazonium salts see the papers represented by (16) 
(14) (17).] 

C with thiourea on warming in ale. for 4 hrs. loses HCl and ring-closes yielding (9) ethyl 
(2-aminothiazolyM)acetate, colorless cryst. from CeHe, m.p. 94° (18), 74° (9) (one of these 
is probably a misprint for the other). 


3:6375 (1) Hamel, Butt, soc. chim. (4) 29, 390-402 (1921). (2) Lespieau, BuU, aoc. chim. (4) 
9, 31-33 (1911). (3) Hurd, Abernathy, J. Am. Chem. Soc. 62, 1147-1148 (1940). (4) Alexan- 
drow, Ber. 46, 1021-1024 (1913). (5) Schlotterbeck, Ber. 42, 2570-2571 (1909). (6) Boese, 
Ind. Eng. Chem. 32, 16-22 (1940). (7) Hurd, Williams, J. Am. Chem. Soc. 58, 962-968 (1936). 
(8) Picha, Doht, Weisl, MoruUah. 27, 1245-1249 (1906). (9) Lespieau, BuU. soc. chim. (3) 9^^ 

463-464 (1905); Compl. rend. 138, 422 (1904). (10) Sommelet, Couroux, BvU. soc. chim. (4) 
29, 402-406 (1921). 

(11) Benary, Ebert, Ber. 56, 1897-1898 (1923). (12) Favrel, Compl. rend. 145, 196 (1907). 
(13) Favrel, Prevost, Bull. soc. chim. (4) 49, 245-246 (1931). (14) Chattaway, Lye, Proc. Roy. 
Sod. London A-137; 492, 497, 501 (1932). (15) Wolff, Ann. 313, 15 (1900). (16) Chattaway, 
Ashworth, J. Chem. Soc. 11^, 1146. (17) Chattaway, Lye, Proc. Roy. Soc. London A-135, 
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294-295 (1932). (18) Stende, Ann, 261, 30-31 (1891). <19) Arndt, Loewe, Capuano, Ret, 
facim 8ci. univ. Istanbid 8 -A, 122-162 (1943); C.A. 39, 1626 (1946). 


cf,l-a,/3.DICHLOROPROPIONIC ACID C 3 H 4 O 2 CI 2 

CH 2 — CH—COOH 

<!a 


B.P. M.P. 

210^ si. dec. at 762 mm. 49-50^ 

See 3 : 0855. Division A : Solids. 


2,6.DICHLOROPH£NOL OH 



B.P. 211® at 744 mm. M.P. 58® 

See 3 : 1190. Division A : Solids. 


C6H4OCI2 


2,4-DICHLOROPHENOL OH C 6 H 4 OCI 2 



B.P. 21V M.P. = 1.47S3 

See 3 : 0560. Division A : Solids, 


Beil, n - 252 
Hi-dii) 
112 — 


Beil. VI - 189 
VIi-(103) 
Vl2-(178) 


Beil. VI - 189 
VIi-(103) 
Vl2-(178) 


= 1.17S9 


3:6380 ETHYL a,<«^-TRICHLORO-n-BUTyRATE C(>H,Osa, 

Cl 

CHa-CH— COOCjHs 

(il il 

B.P. 212“ (1) = 1.3004 (2) 

174.3° cor. at 260 mm. (2) = 1.3138 <2) 

101.5° at 17 mm. <3) I>i| = 1.3183 (2) 

[For prepn. of C from a, 0 !,/S-trichloro-»-butyric acid (3:1280) in EtOH with 10% cone. 
H 2 SO 4 in s.t. at 100® for 3 days see (2); note that the acid esterihes with difficulty and 
attempts to use the dry HCl method give only very poor yields (2).] 

C with Zn dust in moist ether loses HCl giving (almost 100% yield (3)) ethyl a-chloro- 
crotonate (3:8523). 

3:6880 (l) Judson, Ber. 3, 787 (1870). <2) Perkin, J. Chem. Soc. 65, 424 (1894). <3) Michael, 
Schulthess, J, prakt. Chem, (2) 43, 694-696 (1891). 


Beil, n - 281 

Hi- 

II 2 — 
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3:6400 o-CHLOROBENZYL CHLORIDE C7H«Cl2 

<( ^CH2C1 

^ Cl 


313-214° 


(1) 

105-107° 

at 

28 mm. (2) 

109.0-109.2° 

at 26.6 mm. (3) 

110° 

at 

24 mm. (4) 

94° 

at 

16 mm. (5) 

96-98° 

at 

14 mm. (4) 

94-95° 

at 

10 mm. (6) 

84-85° 

at 

3 mm. (4) 


BeU. V . 397 
Vi-(163) 
V2-(331) 


(For prepn. of C from o-chlorobenzyl alcohol (Beil. VI-444, VI i- (222)] with PCls (7) or 
with SOCI2 + pyridine (5) see indie, refs.; from o-chlorotoluene (3:8245) with PbCU.- 
2NH4CI <1) or with CI2 (8) (9) in ultra-violet light (4) see indie, refs.; from benzyl chloride 
(3:8535) with CI2 see <10).] 

(For condens. of C with p-chlorophenol and use of prod, as anti-moth prepn. see (11); for 
use in prepn. of condensation prod, with sulfonated phenol see (12).] 

(C with phenol in toluene yields (13) 2- (o-chlorobenzyl) phenol, b.p. 146-151° at 3 mm. 
(benzoate, b.p. 173-176° at 2.5 mm.), and o-chlorobenzyl phenyl ether, b.p. 140-145° at 
2.5 mm.; C with 2,4-dichlorophenol (3:0560) in toluene yields 2- (o-chlorobenzyl )-4, 6- 
dichlorophenol, m.p. 59.5-60.5° (benzoate, m.p. 81-82°), and o-chlorobenzyl 2,4-dichloro- 
phenyl ether, m.p. 61-62°.] 

(C with phenol -f- AICI3 yields (13) 4- (o-chlorobenzyl) phenol, m.p. 68-69° (benzoate, 
m.p. 64.5-65.5°), and 2- (o-chlorobenzyl )phenol (see above); C with 2,6-dichlorophenol 
(3:1595) + AICI3 yields (13) 4- (o-chlorobenzyl )-2,6-dichlorophenol, m.p. 86.5-87.5° 
(benzoate, m.p. 86-87°).] 

(C with Mg in 10 moles dry ether gives (60-75% yield (4)) cf. (25) o-Cl.C6H4.CH2MgCl 
(particularly sensitive to air oxidn. ) ; this with CO2 followed by acidiheation or with methyl 
chloroformate (3:5075) followed by hydrolysis yields (4) o-chlorophenylacetic acid, m.p. 
94-95° (3:2640); the R.MgCl cpd. with phenyl isocyanate as directed (22) for p-isomer 
should yield o-cUorophenylacetanilide [Beil. XII-275], m.p. 140° cor. (23), 138.5° (24), 
although this method has not been specifically reported for C ; the RMgCl cpd. with HgCl2 
gives (25) o-chlorobenzyl HgCl, m.p. 111°, or with HgBr2 gives (25) o-chlorobenzyl 
HgBr, m.p. 128°.] 

[For study of behavior of C with NaOEt see (14) (7); for study of rate of reaction of C 
with Lil, Nal, or K1 (6) (5) or with Na2S03 (2) see indie, refs.; for study of acid hydrolysis 
of C in various solvents see (5); for reaction of C with KCN yielding o-chlorobenzyl cyanide 
(which on hydrolysis gives o-chlorophenylacetic acid (3:2640)) see (15) (16); for behavior 
of C with cellulose (17) or sodium cellulose (18) see indie, refs.] 

C refluxed 4 hrs. with hexamethylenetetramine (1 mole) in 60% ale. soln. yields (19) 
o-chlorobenzaldehyde (3:6410) q.v.; C htd. in xylene with p-nitrophenylhydrazine yields 
(20) o-chlorobenzal-p-nitrophenylhydrazone, m.p. 241° (20). 

C on mononitration with 1.2 pts. fumg. HNO3 at 30-40° gives (35% yield (21)) 2-chloro- 
5-nitrobenzyl chloride, pr. from ale., m.p. 66° (21). 


8:6400 (1) Seyewetz, Trawitz, Compt. rend. 130, 241 (1903). (2) Sprung, J. Am. Chem. Soc. 03, 
1640-1649 (1930). (3) de Bruyne, Davis, Gross, J. Am. Chem. Soc. 05, 3938 (1933). (4) Austin, 
Johnson, J. Am. Chem. Soc. 04, 657 (1932). (5) Bennett, Jones, J. Chem. Soc. 1980, 1818. (6) 
Conant, Hussey, J. Am. Chem. Soc. 47, 486 (1925). (7) Olivier, Rec. irav. chim. 41, 308-309 

(1921). (8) Jones, J. Chem. Soc. 1030, 1839. (9) Zelinsky & Schering-Kahlbaum, Ger. 478,084, 

June 20, 1929; Cent. 1939, II 1216. (10) OUvier, Rec. trav. chim. 41, 419-421 (1921). 
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<11) Weiler, Berres (to I.G.). Ger. 542,069, Jan. 20, 1932; Cent. 1982 , 1 3014. <12) I.G., Brit. 
320,066, Oct. 31, 1929; Cent. 1980 , 1 690; Brit. 321,190, Nov. 28, 1929; Cent. 1980 , 1 1269. <13) 
Huston, Guile, Chen, Headley, Warren, Baur, Mate, J. Am. Chem. Soc. 55, 4639-4643 (1933). 
(14) Franzen, Rosenberg, J. prakt. Chem. (2) 101 , 333-334 (1921). (15) Cerecedo, Sherwin, 

J. Biol. Chem. 68, 220 (1923). (16) Mehner, J. prakt. Chem. (2) 62, 664-556 (1900). (17) 

Niethammer, Konig, CeUvlosechem. 10 , 201-205 (1929). (18) Ball, Hibbert, Can. J. Research 7 , 

481-498 (1932). (19) Mayer, English, Ann. 417 , 78 (1918). (20) Busch, Lang, J. prakt. Chem. 
(2) 144 , 312 (1936). 

(21) Meisenheimer, Zimmermann, von Kummer, Ann. 446 , 225-226 (1926). (22) Underwood, 
Gale, J. Am. Chem. Soc. 66, 2117-2119 (1934). (23) Jenkins, Richardson, J. Am. Chem. Soc. 
66 , 1619 (1933). (24) Mehner, J. prakt. Chem. (2) 62 , ,558 (1900). (25) Ware, Hixon, J. Am. 
Chem. Soc. 60 , 1262-1263 (1938). 


3:6410 o-CHLOROBENZALDEHYDE CrHfiOCl 

^ Cl 

B.P. M.P. 

»13-214‘’ (1) 11” (4) = 1.8612 (6) 

(2) <14) 

809.7-811.7” at 760 mm. (3) 

808” at 748 mm. (4) 

206-206® cor. at 740 mm. (5) 

06.0-96.6® at 16 mm. (3) 

Oil, volatile with steam. — C often contains o-chlorobenzyl chloride (3 : 6400) as impurity 
(7).-C very easily oxidized in air (probable cause of variant constants). — C yields 
NaHSOa cpd. (15) (21). 

(For prepn. of C from o-chlorotoluene (3:8245) with Mn02 H2SO4 (8), or Pb02 (24% 
yield (21)), or Cr02Cl2 in CCI4 (9) or CS2 (10), or via halogenation to o-chlorobenzal 
(di)chloride (3:6625) (5) (12) or o-chlorobenzal (di)bromide (11). and subsequent hydrolysis 
with fumg. H2SO4 (11) (12) (1) or anhydrous oxalic ac. (14) see indicated refs.; for prepn. 
from o-nitrobenzaldehyde via o-aminobenzaldehyde see (12); from o-chlorobenzyl ale. by 
dehydrogenation with CuO + dinitrobenzene in quinoline (86% yield) see (13); from 0- 
chlorobenzyl chloride (3:6400) with hexamethylenetetramine see (2); from o-chlorobenzoyl 
chloride (3:6640) by cat. reductn. (70% yield) see (15): from o-chlorobenzylamine with 
formalin -f hexamethylenetetramine see (41); for other misc. methods see Beil. VII-233]. 

C with CrOs (16) or KMn04 (2) oxidizes to o-chlorobenzoic acid (3:4150), m.p. 141®. 
(For study of auto-oxidn. see (17).] — C on cat. hydrogenation gives (yield: 96% (18); 
50% (19)) o-chlorobenzyl ale., m.p. 69® (19), 64-65® (18). — C with cone. alk. undergoes 
Cannizzaro reactn. (for study on dioxane soln. see (20)) although presumable products, 
o-chlorobenzyl ale. and o-chlorobenzoic acid, have not (by this reactn.) actually been 
isolated. 

C with dil. ale. KCN for 4 hrs. at 60® gives (21% yield (22)) 2,2'-dichlorobenzoin, m.p. 
63-64® (22). — C with KCN HCl yields o-ehloromandelonitrile which on hydrolysis 
with HCl gives o-chloromandelic acid, m.p. 84-85® (23). 

C on htg. with NaOAc -H AC2O for 8 hrs. at 180-200® undergoes Perkin reactn. giving 
(71% yield (12)) o-ehlorocinnamic acid, m.p. 211® (12). [This with Br2 in CHCls gives 
(24) o-chlorocinnamic acid dibromide, m.p. 183® (24).] — C -h malonic acid -|- pyridine 
gives (38) aim. quant. 3rield of o-chlorocinnamic ac., m.p. 211-212® (31). [In ab^nce of 
pyridine reactn. gives 93% yield o-chlorobenzalmalonic acid, m.p. 192® (37).] 

C on mononitration as specified (25) gives 2-chloro-5-nitrobenzaldehyde, cryst. from 


Beil. Vn - 233 
vni-(132) 

= 1.56708 (6) 
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dil. AcOH, m.p. 76-79° (26), 80° (26). [Oxime, m.p. 147-148° (26); corresp. acid, 2-chloro. 
6-nitrobenzoic acid, m.p. 165° (25).] 

C in ale. warmed at 68-60° for 2 hrs. with (NH 4 ) 2 C 03 + KCN as directed (37) gives 
5-(o-chlorophenyl)hydantoin, m.p. 175.7-176.1° cor. (37). 

[C with hydrazine sulfate gives (91-95% yield (40)) o-chlorobenzaldazine, m.p. 143.6° 
cor., but C with hydrazine hydrate gives (84% yield (40)) o-chlorobenzaldehyde hydrazone 
m.p. 33-34°, b.p. 165-170° at 14 mm.; note that latter on Wolff-Kishner reduction gives 
(35-82% yield (40)) o-chlorotoluene (3:8245).] 

® o-Chlorobenzaldozime {ardi form): pr. from ale., m.p. 75-76° (1) (27). [From 
C + NH 2 OH.HCI + NaaCOa (1); thesym. isomer has m.p. 98-102° (28), 101-103° (7).] 
® o-Chlorobenzaldehyde phenylhydrazone: m.p. 86° (29), 84° (39). 

® o-Chlorobenzaldehyde p-nitrophenylhydrazone: or. pi., m.p. 249° (30) (31); br.-red. 

ndls., 241° (32); red ndls. from ale., 237-238° (13). 

® o-Chlorobenzaldehyde 2,4-dinitrophenylhydrazone: or .-red. ndls. from xylene, m.p. 

209° (33), 213.6° (34) 207° (41). [Use in detn. of C (11).] 

® o-Chlorobenzaldehyde dimethone: ndls. from ale., m.p. 199° u.c., 205° cor. (35). 

[Corresp. anhydride, cryst. from ale., m.p. 224-226° cor. (35).] 

® o-Chlorobenzaldehyde semicarbazone: Ifts. from MeOH, m.p. 229-230° (36), tbls. 
from pyridine, m.p. 225-226° (9), 226° (42). 

3:6410 (1) Erdmann, Schweehten, Ann. 260, 55-58 (1890). (2) Mayer, English, Ann. 417, 
78 (1918). (3) Kahovec, Kohlrausch, Z. physik. Chem. B-38, 138 (1937). (4) Hoechster Farb- 

werke, Ger. 207,157; Cent. 1909, I 962. (5) Asinger, Lock, Monatah. 62, 333-334 (1933). (6) 
von Auwers, Ann. 422, 166 (1921). (7) Brady, Cosson, Boper, J. Chem. Soc. 127, 2428-2429 
(1925). (8) GilUard, Monet, Cartier, Ger. 101,221; Cent. 1899, I 960. (9) Law, Perkin, /. 

Chem. Soc. 93, 1636 (1908). (10) Stuart, Elliot, /. Chem. Soc. 63, 803 (1888). 

(11) Eitel, Lock, Monatsh. 72, 388-389 (1939). (12) Bock, Lock, Schmidt, Monatah. 64, 406 
(1934). (13) Zetsche, Zala, Hdv. Chim. Acta 9, 288-290 (1926). (14) Erdmann, Kirchhoff, 
Ann. SOS (1888). (15) Rosenmund, Zetsche, Ber. 54, 436-437 (1921). (16) Henry, Ber. 2, 

136 (1869). (17) van der Beek, Rec. Irav. chim. 51, 411-413 (1932). (18) Carothers, Adams, 

J. Am. Chem. Soc. 46, 1682 (1924). (19) Rosenmund, Jordan, Ber. 58, 162 (1925). (20) Eitel, 
Lock, Monatah 72, 407 (1939). 

(21) Olivier, Weber, Rec. trav. chim. 53, 881 (1934). (22) Weissberger et al., Ann. 478, 128 

(1930) ; J. Chem. Soc. 1936, 225. (23) Karrer et al., Helv. Chim. Acta 4, 144 (1921). (24) Will- 

staedt, Ber. 64, 2690 (1931). (25) Hodgson, Beard, J. Chem. Soc. 1926, 151. (26) Erdmann, 

Ann. 272, 153-154 (1892). (27) Brady, McHugh, J. Chem. Soc. 125, 551 (1924). (28) Behrend, 

Niessen, Ann. 269, 400 (1892). (29) Fichter, Frohlich, Cent. 1963, II 427. (30) Chattaway, 

Clemo, J. Chem. Soc. 123, 3059-3060 (1923). 

(31) Hodgson, Beard, J. Soc. Chem. Ind. 45, T 91-93 (1926). (32) Busch, Lang, J. praki. 
Chem. (2) 144, 312 (1936). (33) Blanksma, Wacker, Rec. trav. chim. 55, 658 (1936). (34) 

Ferrante, Bloom, Am. J. Pharm. 165, 381-3^ (1933). (35) Vorl&nder, Z. anal. Chem. 77, 265 

(1929). (36) Henderson, Heilbron, J. Chem. Soc. 107, 1749 (1915). (37) Henze, Speer, J. Am. 

Chem. Soc. M, 522-523 (1942). (38) K. C. Pandya, R. B. Pandya, Proc. Indian Acad. Sci. 
14-A, 112-122 (1941); C.A. 36, 1599 (1942). (39) Harvill, Herbst, J. Org. Chem. 9, 26 (1944). 
(40) Lock, Stach, Ber. 76, 1253-1255 (1943). 

(41) Graymore, Davies, J. Chem. Soc. 1945, 293-294. (42) Vogelsang, Rec. trav. chim. 62, 
5-11 (1943): C.A. 39, 1394 (1945). 
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3:6420 1,2,4.TR1CHL0R0B£NZ£N£ 

(unsym.-trichlorobenzene ) 



CeHsCls Bea.V-204 
Vi.(112) 
V2-(156) 


J1 


B.P. 

213° cor. 

M.P. 

(1) (17) 17-18° 

(8) i 

212.9-213° 

(2) 

17° 

(7) (9) 

212-213° 

(3) 

16-17° 

(4) 

211° cor. at 742 mm. 

(4) 

16.6° 

(10) 

210° 

(5) (6) 

16.6° 

(11) (12) 

206° 

(7) 

16° 

(1)(3)(13) 



14.5° 

(14) 


1.4634 <15} 
cf. (7) 

nl,® = 1.55S4 (15) 


For thermal anal, of mixts. of C with 1,2,3-trichlorobenzene (3:0990) or with 1,3,6- 
trichlorobenzene (3:1400) see <10) (the eutectic of C with the former conts. 71% C and 
melts 2.7° (10)); for m.p./compn. data on ternary mixt. of C with the other two isomers 
see (10). 

(For use of C in mfg. of elec, insulating material see (16).] 

[For prepn. of C from 2,4-dichloroanilme [Beil. XII-621; XIIi-(309)] (1) (11), from 2,5- 
dichloroaniline [Beil. XlI-625, XIIi-(311)l (6), or 3,4-dichloroaniline [Beil. XII-626 
XIIi-(311)] (1) via diazotization and use of CU 2 CI 2 reaction see indie, refs.; from 4-chloro- 

l, 3-diaminobenzene [Beil. XIII-53, XIIIi-(15)] via tetrazotization and use of CU 2 CI 2 
reaction (62% yield) see (17); from p-dichlorobenzene (3:0980) with S 2 CI 2 in SO 2 CI 2 + 
AlCl, (58% yield _C) see (3) (18).] 

[For formn. of C from 2,3,6-trichlorobenzaldehyde (3 : 2287) by KOH fusion (88% yield 
(4)) or from 2,3,6-trichloroacetophenonc by KOH fusion (82% yield (14)) see indie, refs.; 
from 2,4-dichlorophenol (3 0560) by htg. 7 hrs. with PCI5 (25.5% yield) see (1); from 2- 
nitro-1 ,4-dichlorobenzene or from 4-chloro-3-nitrobenzenesulfonic acid by htg. with SOCI 2 
in s.t. 10 hrs. at 160-180° see (19) (20); from 2-chlorobenzene-l,4-di8ulfonyl chloride with 
pels in s.t. 4 hrs. at 210° see (8); from 2,4-dichlorobenzenesulfonyl cliloride by htg. with 
SOCI 2 in s.t. at 180° see (21).] 

[For formn. of C (together with other products) from CeHe with CI 2 in pres, of I 2 (7) or 
of Fe (22) see indie, refs.; from o-dichlorobenzene (3:6055) and/or p-dichlorobenzene 
(3:0980) with CI 2 under various conditions see (22) (23) (24) (25) (9); from m-dichloro- 
benzene (3:5960) with CI 2 under various conditions see (9) (13) (23); from chlorobenzene 
(3:7903) or p-dichlorobenzene (3:0980) by boilg. with FeCls see (26); from a-benzene- 
hexachloride (3:4410) on htg. above its m.p. (158°) (28) (21) or htd. with aq. in s.t. at 200° 
(27), or on bodg. with MeOH/KOH (10), EtOH/KOH (10) (28) (5) (22), ale. KCN (27), or 
P3rridine (10), or on htg. with quinoline at 105-110° (10), see indie, refs.; from jS-benzene- 
hexachloride (3:4990) q.v. on boilg. with ale. KOH see (10).] 

[C with CI 2 in pres, of Al/Hg yields exclusively (23) 1 ,2,4,5-tetrachlorobenzene (3:4115), 

m. p. 135-136° (23); C with liq. CI 2 in s.t. at room temp, for 10 days gives (29) (30) a mixt. 
of addn. products.] 

[C with NaOMe in MeOH under various conditions (31) (32) (33) (11) (34) yields 2,6- 
dichlorophenol (3:1190), m.p. 67°; for behavior with EtOH/KOH see (38).] 

C on mononitration, e.g., by soln. of C (1 g.) in 5 ml. fumg. HNOs (Z> - 1.49) (35), 
then pouring onto ice (35), gives 100% yield (35) (1) (5) (15) (39) l,2,4-trichloro-6-nitro- 
benzene [Beil. V-246], pr. from ale., m.p. 58° (1), 57° (7) (15), 66° (36); this prod, with 
piperidine as directed (36) yields l,2-dichloro-4-piperidino-6-nitrobenzene, red pr. from 
ale., m.p. 64-65° (36). 
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C on dinitration, e.g., by soln. of C (1 g.) in 5 ml. fumg. HNO3 (Z> - 1.49) + 5 ml. 
cone. H2SO4 and subsequent refluxing for 1 hr., then pouring into aq. (36), gives (100% 
3rield (36)) (7) (37) l,2,4-trichloro-3,5-dinitrobenzene [Beil. V-266J, pr. from ale., m.p. 
103.5® (7), 102.5-103.5® (35) (37); this prod. (1 p) htd. 1 hr. at 100® with 5 g. aniline as 
directed (35) yields l-chloro-2,4-dianilino-3,. 5-dinitrobenzene, m.p. 182® (35). 

Note that the trinitration prod, to be expected from complete nitration of C has not 
been reported. 

[C with chlorosulfonic acid as directed (35) yields 1,2,4-trichlorobenzenesulfonyl chloride, 
m.p. 31-34® (35) which with (NH4)2C03 yields 1,2,4-trichlorobenzenesulfonamide, m.p. 
above 200° (35).] 

3:6420 (l) Beilstein, Kurbatow, Ann. 192, 230-232 (1878). (2) Dadieu, Pongratz, Kohlrausch, 
Monatsh. 61. 433 (1932). (3) Silberrad, J. Chem. Soc. 121, 1015-1020 (1922). (4) Lock, Ber. 

66, 1531 (1933). (5) Lesimple, Ann. 137, 122-124 (1866). (6) Noelting, Kopp, Ber. 38, 3609 

(1905). (7) Jungfleisch, Ann. chim. (4) 16, 264-277 (1868). (8) Olivier, Rec. trav. chim. 30, 
602 (1920). (9) Mouneyrat, Pouret, Compt. rend. 127, 1028 (1898). (10) van der Linden, 

Ber. 46. 231-247 (1912). 

(11) van der Lande, Rec. trav. chim. 61, 104, 110 (1932). (12) Hassel, Naeshagen, Z. phyeik. 
Chem. B-12, 87 (1931) (13) Oliviei, lice trav. chim. 39, 411-413 (1920). (14) Lock, Bock, 

Ber. 70, 924 (1937). (15) Tei, Komatsu, Mem. CoU. Sci. Kyoto Imp Umv. 10-A, 326-330 (1927) ; 

Cent. 1928, I 2370, C.A. 22, 1086 (1928). (16) Ford (to Wostinghouse Electric and Mfg. Co.), 

U.S. 2,139,945-2.139,948, Doc 13, 1938, Cent. 1939, I 2047; C.A. 33, 2253-2254 (1939). (17) 
Cohn, Fischer, Monatsh 21, 278 (1900) (18) Uol>erts Co. & Silberrad, Brit. 193,2C)0, March 15, 

1923; Cent. 1926, I 904. (19) Mcyei, Monatsh. 36, 724-725 (1915). (20) Kinzlterger and Co., 

Ger. 280,739, Cent 1916, I 104. 

(21) Quihco, Gazz. chim ital. 67, 800 (1927), Cent. 1928, I 1395, C.A. 22, 1765 (1928). (22) 
Zil’berman, Slobodnik, J. Applied Chem. (U.S.S.R.) 10, 1080-1085 (1937), Cent. 1938, 1680 
(1938); C.A. 32, 1664 (1938) (23) (^ohen. Hartley, J. Chem. Soc. 87, 1363-1364 (1905). (24) 

Britton (to Dow Chem Co ), U.S. 1,923,419, Aug. 22, 1933; Cent. 1933, II 3049, C.A. 27, 5086 
(1933). (25) Slobodnik, Zii’berman, Russ 48,285, Aug. 31, 1936; Cent. 1937, II 288. (26) 
Thomas, Compt. rend. 126, 1212 (1898). (27) Meunier, Ann. chim. (6) 10, 223-269 (1887). 
(28) Matthews, J. Chem. Soc. 69, 165-172 (1891). (29) van der Linden, Rec. trav. chim. 65, 

315-324 (1936). (30) van der Linden, Rec. trav chim. 67, 217-224 (1938). 

(31) Holleman, Rec. trav. chim. 37, 201 (1918). (32) Kraay, Rec. trav. chim. 49, 1087 (1930). 

(33) de Crauw, Rec. trav. chim. 60, 787 (1931). (34) Aktien-Gesell, fur Anilin Fabrikation, 
Ger. 349,794, March 9, 1922, Cent. 1922, IV 45 (35) Huntro.ss, Carten, J. Am. Chem. Soc. 62, 

612-514 (1940). (36) LoFevre, Turner, J Chem. Soc. 1927, 1116-1117. (37) Huffer, Ree. 

trav. chim. 40, 452 (1920). (38) Clark, Crozier, Trans. Roy. Soc. Can. (3) 19, III 153-156 (1925). 

(39) Holleman, van Haeften, Rec trav chim. 40, 71 (1921). 


/^-CHLOROBENZYL CHLORIDE C 7 H 6 CI 2 

Cl<^^ ^H2C1 

B.P. 214° M.P. 29-30° 

See 3 : 0220. Division A : Solids. 


Befl. V - 297 
Vi.(162) 
V,-(231) 


3:6425 HEXACHLOROBUTADIENE-1,3 Cl Cl C4C1« 

(l;=c 


Cl2C= 


:=cci2 


B.P. 

215° (1) 

211® at 710 mm. (2) 


M.P. 

-21° (1) <21 - 1.6820 (1) 
-19° <5) 


Bett. S.N. 12 


ng* 1.5542 (1) 


[See also octachlorocyclopentene (3:0422).] 
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Colorless oily liq. with weak turpentine-like odor. 

[For prepn. of C from butadiene-1,3 (1) (3) or butane, butene, or their chloro substitution 
products (3) <4) with Cl 2 ;or from hexachlorobutene (itself obtd. from dimerization (5) (2) 
of trichloroethylene (3:5170)) by cat. addn. of CI 2 followed by cat. removal of 2 HCl or 
vice versa (1) (2); or from acetylene with CI 2 <6) (note that tetrachloroethylene (3:5460) 
is also formed).] 

C on reduction with Zn -f ale. gives (1) butadiene-1,3 (corresp. tetrabromide, m.p. 117®). 

C behaves as if saturated: e.g., C does not add CI 2 (even in sunlight) (1); C does nof (1) 
react with maleic anhydride or benzoquinone-1,4; C does not (1) polymerize (even at 
100 atm.). 

C is stable toward acids and alkalies and (unlike some other highly chlorinated un- 
saturates) does not give a carboxylic acid on treatment with cone. H2SO4 (1). 

Note that a product of m.p. 38® and b.p. 283® formerly regarded as C is now thought to 
be octachlorocyclopentene (3:0390). 

8:6425 {l) Fruhwirth. Ber. 74 , 1700-1701 (1941). (2) Consortium filr Elektrochem. Ind., 
French 836,719. Jan. 25, 1939; Cent. 1639 , I 3256; [C.A. 33 , 5648 (1939)]: Ger. 723,981, July 2, 
1942; {C.A. 87 , 5415 (1934)]. (3) Fruhwirth (to Donau-Chemie, A.G ), Ger. 736,884, May 20, 
1943; C.A. 38 , 2974 (1944). (4) Wimmer, Mugdan (to Consortium fiir Elektrochem. Ind.), 
Ger. 734,682, March 25, 1943; C.A. 38 , 1245 (1944). (5) Mugdan, Wimmer (to Consortium 
for Elektrochem. Ind.), Ger. 704,179, Feb. 20, 1941; C.A. 36 , 1116 (1942); U.S. 2,269,600, Jan. 
13, 1942; C.A. 36 , 2870 (1942). (6) Fruhwirth (to Donau-Chemie, A.G.), Ger. 734,722, March 
25. 1943; C.A. 38 , 1252 (1944). 


3 : 6430 DICHLOROACBTIC ACID ANHHIIUDE C4H208C14 

CI 2 CH— c/ 

CI 2 CH— CC 


B.P. 

214r-216° dec. (1) = 1.674 (1) 

140® at 35 mm. (2) 

100-102® at 16 mm. {3} 


Beil, n - 204 
Hi- 

n*- 


Note that the above name of C is so rendered to emphasize that it is the anhydride of 
dichloroacetic acid (not a dichlorinated acetic anhydride). 

[For prepn. of C from dichloroacetyl chloride (3:5290) with NaA in POCls in dry ether 
(lb or with NaA + AICI 3 (4), or on boilg. with Na 2 C 03 (2) see indie, refs.; for formn. of 
C as by-product during reactn. of sodium dichloroacetate with acetyl chloride (3:7065) 
in dry ether see (3) (the other prod, is the mixed anhydride, acetic-dichloroacetic anhydride 
(Beil. 11-204], b.p. 79-80® at 16 mm., - 1.5170 (3).] 

C on hydrolysis with aq. yields dichloroactic acid (3:6208) q.v.; for the amide, anilide, 
p-toluidide, and other derive, corresp. to C see dichloroacetic acid (3:6208). 


3:6486 (1) Anthoine, Jahresher. 1883 , 1032. (2) Patterson, Ber. 38 , 212-213 (1905). (3) 
Baroni, Oaxz. ehim. ital. 63 , 30 (1933) ; Cent. 1933 , 1 3183; C.A. 27 , 3447 (1933). (4) Strosaoker, 
Schwegler (to Dow Chem. Co.), U.S. 1,713,104, May 14. 1929; Cent. 1929 , II 1215; C.A. 28 , 
3234 (1929). 
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3:6445 m-CHLOROBSNZYL CHLORIDB 



B.P. 


C7H6CI2 


215-216^ at 763 mm. <1) D\^ » 1.2695 (1) 

213-214*^ at 740 mm. (2) 

111.0-111.2® at 26.4 mm. <3) 

111-113® at 26 mm. (4) 

110-111® at 26 mm. (5) 

104® at 17 mm. <6) 


BeU. V — 
Vi- 
V2-(231) 


[For prepn. from m-chlorobenzyl ale. [Beil. VI-4441 with PCls (1) or with SOCI 2 (yield: 
87% (5), 78% (4)) see indie, refs.; from m-chlorotoluene (3:8275) with CI 2 see (2) (3) <6) 
<7) J8) (9) see indie, refs.] 

[C with phenol in toluene yields (10) o-(m-chlorobenzyl)phenol, b.p. 192-194® at 14 mm. 
(benzoate, m.p. 67-67.4®), and m-chlorobenzyl phenyl ether, m.p. 36.0-36.4®; C with 2,- 
4-diehlorophenol (3:0560) in toluene yields (10) 2-(m-chlorobenzyl)-4,6-dichlorophenol, 
m.p. 59.4-60.0® (benzoate, m.p. 63.5-64.0®, benzenesulfonate, m.p. 114.5-115.0®, p-toluene- 
sulfonate, m.p. 125.4-126.0®), and ??i-ehlorobenzyl 2,4-diehlorophenyl ether, m.p. 42-42.5®.] 

[C with phenol + AICI3 yields (10) p-(m-chlorobenzyl)phenol, b.p. 145-148® at 3 mm. 
(benzoate, m.p. 57.6-58.0®); C with 2,6-dichlorophenol (3:1595) yields (10) 4-(?7i-chloro- 
benzyl)-2,6-dichlorophenol, m.p. 79-80® (benzoate, m.p. 130-130.4®; p-toluenesulfonate, 
m.p. 104.5-105.0®).] 

[C with Mg in dry ether yields (8) m-Cl.CeH 4 .CH 2 Cl; this on treatment with CO 2 yields 
m-Cl.C 6 H 4 .CH 2 .COOMgCl which on subsequent further treatment with various other 
RMgX cpds. undergoes abnormal reaction ^ving m-chlorophenylmalonic acid, m.p. 127- 
128® (8); the RMgCl cpd. with phenyl isocyanate as directed (13) for the p-isomer should 
yield TTi-chlorophenylacetanilide, m.p. 130® cor. (14), although this reaction has not been 
specifically reported for C.] 

[For studies of rate of reaction of C with NaOEt see (1) (11) (5); with Na2S08 see (4); 
with AICI3 4* CeHe see (12); for acid hydrolysis in acetone see (6); with KI in various solv. 
see (6); for reactn. of C with diethyl malonate see (2).] 


8:6445 (1) Olivier, Rec. trav. chim. 41 , 309 (1921). (2) Kenner, Witham, J. Chem. Soc. 116 , 
1460 (1921). ( 3 ) de Bruyne, Davis, Gross, J. Am. Chem. Soc. 65, 3938 (1933). (4) Sprung, 

J. Am. Chem. Soc. 52 , 1643, 1649 (1930). (5) Franzen, Rosenberg, J. prakt. Chem. (2) 161 , 
334 (1921). (6) Bennett, Jones, J. Chem. Soc. 1935 , 1818. (7) Jones, J. Chem. Soc. 1935 , 1839. 

(8) Ivanov, Pchenitchny. Bull. eoc. chim. (5) 1 , 231 (1934). (9) Zelinsky, Schering-Kahlbaum, 

Ger. 478,0^, June 20, 1929; Cent. 1929 , II 1216. (10) Houston, Guile, Chen, Headley, Warren, 
Baur, Mate, J. Am. Chem. Soc. 55 , 4639-4643 (1933). 

( 11 ) Olivier, Rec. trav. chim. 41 , 650 (1921). (12) Olivier, Berger, Rec. trav. chim. 45 , 717 (1926). 
(13) Underwood, Gale, J. Am. Chem. Soc. 56 , 2117-2119 (1934). (14) Jenkins, /. Am. Chem. 
Soc. 55 , 2898 (1933). 


m-CHLOROPHENOL OH CeHsOCl 

a 

B.P. S16* HJP. SZ” ~ 1.S37 


BeiLVl- 185 
VIi-( 99) 
VI, -(178) 


riS - 1.5565 


iSee 3:0255. Division A: Solids. 
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3:6460 1,1,1.3,3,3-HBZACHLOROPROPANE a CsHsCl* 
(««n^.-He«chloropropaae) ci^HO-i-CCl. 

A 

B.P. 316* (1) Di* = 1.6980 (1) 

145^ cor. at 90 mm. (1) 


Ii-(35) 

— 

niJ > 1.3350 (1) 


Colorless liq. [For use as solvent for cellulose esters see (3) <4).] 

[For prepn. of C from chloroform (3.5050) -f trichloroethylene (3:5170) + Aids 
(1) (2) or from CCU (3:5100) 1,2-dichloroethylene (3:5030) -f AICI3 see (1) (2).] 

C with 1 ml. ale. KOH loses HCl yielding (1) (2) 1,1,2,3,3-pentachloropropene-l (3:6075), 
b.p. 183“ <1). 

8:6469 ( 1 ) Prins, J. prakt. Chem. (2) 89, 417^19 (1914) (2) Prins, Ger. 261,689, March 2, 1912; 

Cent. 1918, II 394; C A. 7, 3641 (1913). (3) Spicers, Ltd & Hands, Brit. 279,139, April 21, 1926; 

Cent. 1928, 1 770, C.A. 22, 2840 (1928). (4) Spicers, Ltd. & Hands, French 625,165, Aug. 4, 1927; 

Cent. 1928, 1 770. 


3 : 6476 m-CHLOROBENZALDEHYDE C7H5OCI Beil. VH - 234 

) >CHO VUi.(133) 

ci ^ 

B.P. M.P. 

216.3-216.8“ (1) 17-18“ (2) Df ^ = 1.2410 (6) 

213-214“ (2) 13“ (1) (2) = 1.55008 (6) 

210.6- 211.5“ at 740 mm. (3) 

107-109“ at 26 mm. (4) 

98.6- 100.2“ at 16 mm. (5) 

84-86“ at 8 mm. (4) 

Oil. — Volatile with steam. — C yields NaHSOs cpd. 

[For prepn. of C from 77i-nitrobenzaldehyde via reductn. with SnCl2 to m-aminobenzalde- 
hyde followed by diazotization and reactn. with CuCl (yield: 75-79% (4), 70-80% <3), 
58-65% <7) (24) see indie, refs.; from 7/1-chlorotoluene (3:8275) with Cr02Cl2 (44 5% 
yield) see (8); from m-chlorobenzyl ale. by oxidn. with HNO3/H2SO4 see (9); for formn. 
(together with other products) during chlorination of benzaldehyde see (10); from m- 
chlorobenzylamine with formalin + hexamethylenetetramine see (25).] 

C is readily oxidized even by air (4);C with KMn04 yields w-chlorobenzoic acid (3 : 4392), 
m.p. 154“. [For study of auto-oxidn. see (11).] — C with cone. NaOH undergoes Can- 
nizzaro reactn. (for study in dioxane soln. see (23)) although the presumable products, 
chlorobenzyl ale., b.p. 234®, and /?i-chlorobenzoic acid, m.p. 154“, have not (by this reactn.) 
actually been isolated. 

C with dil. ale. KCN at 60“ for 5 hrs. in absence of air gives 22% yield of 3,3'-dichloro- 
benzoin, cryst. from Igr., m.p. 75-76“ (12). 

C on htg. with NaOAc + AC2O for 8 hrs. at 189-200“ undergoes Perkin reactn. giving 
(61.5% yield (13)) 7n-chlorocinnamic acid, m.p. 165“ (13) (14). [This with Br2 in CHCI3 
gives dibromide, m.p. 183® (15).] — C htd. with malonic acid -f pyridine (24) gives aim. 
quant, yield (24) of m-chlorocinnamic acid, m.p. 163“ (24). [In absence of pyridine reaction 
gives 100% 3rield m-chlorobenzaJmalonic acid, m.p. 184-186“ (24).] 

C on mononitration as specified (3) yields 3-chloro-6-nitrobenzaldehyde [Beil. VII-2621, 
ndls. from dil. ale., m.p. 77.5“ (3). [Oxime, tbls. from ale., m.p. 112“ (3); phenylhydrazone, 
ndls. from ale., m.p. 180-181“ (3).] 
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3 : 6476 - 3:6490 


m-Chlorobenzaldozime {ardi form): pr. from ale., m.p. 70-71® (2), 70® (16) <17). 
[From C -1- NH 2 OH.HCI + Na 2 C 03 (2); the syn isomer (from the anti via ethereal 
HCl, then Na2C08) has m.p. 116-116® rap. htg. (2), 118® (17).]. 
m-Chlorobenzaldehyde phenylhydrazone: ndls. from abs. ale., m.p. 134-136® (3), 
133-134® (18). 

© m-Chlorobenzaldehyde ^-nitrophenylhydrazone: cryst. from dil. AcOH, m.p. 216® 
(19), 214® (16). [For m.p./compn. data on mixt. of this deriv. with benzaldehyde 
p-nitrophenylhydrazone, m.p. 190®, see (16).] 

m-Chlorobenzaldehyde 2,4-dinitrophenylhydrazone: or.-yel. eryst., m.p. 266® (20), 
Bordeaux-red eryst. from xylene, m.p. 248® eor. (22), 246® (26). [Use in detn. of C 
( 22 ).] 

m-Chlorobenzaldehyde semicarbazone: Ifts. from MeOH (21) or pyridine (8), m.p. 
230® (21 ), 228® (8). [This deriv. does not distinguish C from 0 - (3 : 6410) or p- (3 ; 0765) 
isomers.] 

3:6476 (l) Olivier, Weber, Rec^ trav. chim. 63, 882 (1934). (2) Erdmann. Schweebten. Ann. 260, 
68-62 (1890) (3) Eichengrun, Einhorn, Ann. 262, 134-137 (1891). (4) Buck, Ide, Org. Synikeaea, 
CoU. Vol. 2 (Ist ed.), 130-133 (1943). (5) Kahovec, Kohlrausch, Z. phyaik. Chem. B-38, 138 
(1937). (6) von Auwera, Ann. 422, 166 (1921). (7) Asinger, Lock, Monatak. 62, 335 (1933). 

(8) Law, Perkin, J. Chem. Soc. 93, 1636-1637 (1908). (9) Mettler, Ber. 38. 2812 (1905). (lO) 

Gnehm, Banziger, Ann. 296, 65 (1897); Ber 29. 875 (1896). 

( 11 ) van der Beck, Rec. trav. chtm. 51. 412-413 (1932). (12) Weissberger, J. Chem. Soc. 1936, 

225. (13) Bock, Lock, Schmidt, Movntsh. 64, 406 (1934). (14) Reich, Araus, Potok, Tempel, 

Heh. Chim. Acta 3, 794 (1920). (15) Willstaedt, Ber. 64. 2693 (1931). (16) Shoppee, /. Chem. 

Soc. 1932, 701, 705. (17) Brady. McHugh. J. Chem. Soc 126, 551 (1924). (18) Charlton. Earl, 

Kenner, Luciano, J. Chem Soc. 1932, 40. (19) Hodgson, Beard, J. Soc. Chem Ind. 45. T 91-93 
(1926). (20) Blanksma, Wackers, Rec. trav. chim 66, 658 (1936). 

(21) Henderson, Heilbron, J. Chem. Soc. 107, 1749 (1915). (22) Eitel, Lock, Monatah. 72, 
389-390 (1939) (23) Eitel, Lock, Monatsh. 72, 392-409 (1939). (24) Ushakov, Matuaov, 

J.Oen.Chem. (U.S.S.R.) 14,120-127 (1944) , C. A. 39, 916 (1945). (25) Graymore, Davies,/. CAm. 
Soc. 1946, 293-294. (26) Vogelsang. Rec. trav chim 62, 5-11 (1943); C.A. 39, 1394 (1946). 


3:6490 ISOAMYL TRICHLOROACETATE C7Hn02a3 BeU. H - 309 

iso-CfiHiiO.CO.CCls IIi-( 94) 

n2-(2oo) 

B.P. = 1.2314 (2) cf. (3) r^ = l.*52t(2) 

3:6490 (1) Clermont, BvU. aoc. chim (2) 40, 302 (1883). (2) Schjanberg, Z. phyaik. Cham. 

A-172, 229 (1936). (3) Livingston, Morgan, Kramer, /. Am. Chem. Soc. 36, 1836 (1913). 



CHAPTER XV 


DIVISION B. LIQUIDS WITH BOILING POINTS REPORTED 
AT ORDINARY PRESSURE 

Section 1. greater than 1.1600 

(3:6500-3:6999) 

3:6500 GLIJTARYL (DI)CHLORID£ C 5 H 6 O 2 CI 2 

0=G-CH2.CH2.CH2— c=o 

ii dll 

B.P. 

Silft-aiS* cor. (1) = 1.3381 (2) 

107-108° at 16 nun. (2) 

100° at 16 mm. (3) = 1.334 (2) n*®-® = 1.47381 (2) 

[For prepn. of C from glutaric acid (1:0440) with PClt ( 1 ) ( 2 ) (3) or with SOCI 2 (80-88% 
yield <4)) (5) see indie, refs.] 

Note that C may react in either sym. or unsym. form ( 6 ). 

(C with AlCla + CeH 6 3 delds (7) <4) l,5-diphenylpentanedione-l,5 (1,3-dibenzoylpropane) 
[Bed. VII-775, VIIi-(403)I, m.p. 62-63*’ (7) (4); C with AICI 3 + rri-xylene gives ( 8 ) 1,5- 
di-m-xylylpentanedione-1,5, m.p. 60® < 8 ), + 7 -(m-xyloyl)-n-butyric acid, m.p. 118® < 8 ); 
C with AICI 3 -}- mesitylene gives (72% yield <5)) l,5-dimesitylpentanedione-l,5, m.p. 
133-134® <5).l 

C on hydrolysis yields glutaric acid (1 : 0440), m.p. 98® (for the diamide, dianilide, di-p- 
toluidide, and other derive, corresp. to C see 1:0440). 

3:6500 (l) Reboul, Ann. chim. (5) 14, 504 (1878). (2) von Auwers, Schmidt, Ber. 40, 479 (1913). 
( 3 ) Meerburg, Rec. trav. chim. 18, 373 (1899). (4) Skraup, Guggenheimer, JBer. 58, 2493 U925). 
( 5 ) Kao, J. Chinese Chem. Soc. 3, 56-59 (1935). {6) Plant, Tomlinson, J. Chem. Soc. 1935, 
856. <7) Auger, Ann. chim. (6) 32, 358 (1891). (8) Borsche, Ber. 52, 2080 (1919). 

3:6510 / 8 -CHLOROBTHYL TRICHLOROACETATE C 4 H 4 O 2 CI 4 BeU. H - 209 

CI.CH 2 .CH 2 .O.CO.CCI 8 Hi— 

Jkr- 


BeU. n - 634 
ni-(273) 
n2-(566) 


317* at 766 mm. ( 1 ) - 1.8367 (1), of. <4) 

99.8-100.0’ at 14 mm. <2) - 1.48133 <1) of. <4) 

95-96® at 11 mm. (3) 

68-69® at 1.6 mm. (4) 

(For prepn. (45% yield (3)) from ethylene chlorohydrin (3:5552) -f- trichloroaoetyl 
chloride (3:5420) + pyridine in ether see <3) <1); for prepn. (70% yield (3» from /J- 
hydroxyethyl triehloroaoetate (3:9099) SOCI 2 see (3).] 
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877 LIQUIDS WITH > 1.15 3:6510-3:6525 

C on shaking with aq. is smoothly saponified to /S-chloroethanol (3:5662) + trichloro- 
acetic ac. (3:1150), no chloride ion being formed (3). 

8:6610 (1) Delacre. BvU, aoc. chim. (2) 48, 708 (1887). (2) Palomaa, Salmi, Korte, Ber. 78, 797 
(1939). (3) Meerwein, Sdnke, Ber. 64, 2380 (1931). (4) Meerwein, Sdnke, J. praJU. Chem. (2) 
137, 309 (1933). 


3 :6517 /8-CHLORO-/9'-HYDROXY-ISOPROPYL ACETATE C6H9O3CI Beil. H - 142 
(Glycerol a-chlorohydrin jS-acetate; CH2CI ni-( 67) 

/»^to-cH,hlorohydrin; h 4-^.C0.CH, 

iHiiOH 


7-chloropropylene glycol /8-acetate) 


B.P. 218** (1) at 760 mm. <2} 

108° at 12 mm. (3) 

[See also glycerol a-chlorohydrin a^’-acelate (3:6775).] 

[For formn. of C from 3-hydroxy-l ,2-epoxypropane (glycidol) with AcCl (3:7066) 
(7-hydroxy-/8-chloro-n-propyl acetate is also formed) see (1); from epichlorohydrin (3:5358) 
with AcOH in s.t. at 180° see (1); from glycerol a, /8-diacetate with PCls see (3).] 

Note that the homogeneity of all reported prepns. of C is probably open to serious 
question. 

3:6617 (1) Bigot. Ann. chim. (6) 22, 489-491 (1891). (2) Gibson. /. Soc. Chem. Ind. 60, 950 
(1931). (3) Wegscheider, Zmerzlikar, Monatsh. 34, 1079-1080 (1913). 


1,2,8-TRICHLOROBENZENE Cl 

ft 

B.P. 218-219° M.P. 53-54° 

See 3 : 0990. Division A: Solids. 


2,6-DICHLOROPHENOL 

B.P. 219-220° at 740 mm. 

See 3: 1595. Division A: Solids. 



CeHsCU 


CeH40Cl2 


Beil. V - 203 
Vi.(112) 
V2-(156) 


Beil. VI - 190 
VIi.(103) 
Vl2-(170) 


3 :6525 1,1,2,2,3,3-HEXACHLOROPROPANE Cl C8H2Cle BeU. I - 107 
(,l/»i.-Hexachloropropane) CljCH— (!;— CHCl, 

BJ>. ai8.6° (1) “ 1.7131 <1) < - 1.5262 (1) 

[For prepn. of C from 1,2,3,3-tetrachloropropene-l (3:5920) + CI2 in sunlight at —30° 
see <!).] [The product obtd. by (4) from S2^m.-tetrachloroaceton& (3:6050) + PCI5 was 
probably very impure C.] 



3:6595-3:6535 DIVISION B, SECTION 1 878 

C with ale. KOH loses HCl quant, yielding 1,1,2,3,3-pentachloropropene-l (3:6076), 
b.p. 183° (1). 

[For use as solvent for cellulose esters see (2) (3).l 

8:6595 (l) Prins, J. praki. Chem. (2) 89 , 422 (1914). (2) Spicers, Ltd. & Hands. Brit. 279,139, 
April 21, 1926; CejU. 1928 , 1 770, C.A. 22 , 2840 (1928). (3) Spicers, Ltd. & Hands, French 626,166, 
Aug. 4, 1927; CerU. 1928 , 1 770. (4) Levy, Curchod, Ann. 262 , 335-338 (1889). 

3:6535 m-TOLUYL CHLORIDE C8H7OCI BeU. DC - 477 

(?»-Methylbenzoyl chloride) / V_C=0 IXi-(190) 

B.P. M.P. 

aiB-aaO- at 773 mm. <1) -26° (4) = 1.173 (3> 

218.7-219.7° at 760 mm. (2) -23° (1) 

218° at 724 mm. (1) 

120° at 38 mm. (3) 

119-120° at 36 mm. {4) 

[130-138° at 31 mm. (5)] 

105° at 20 mm. (6) 

109° at 16 mm. (7) 

109° at 8 mm. (8) 

71.9° at 4 mm. (9) 

[For prepn. of C from m-toluic acid (1:0705) with PCIs (83% yield (1>) (2) (10), with 
PClfi in CHCI3 (70% yield (3)) (6), with PCls (8), with SOCI2 (95% yield (11)) (12) (6) (9), 
or with POCI3 -f NaCl (or KCl) (13) see indie, refs.; for formn. of C from heptadiyne- 

I, 6-carboxylic acid-4 {pseudo-m-tolmc acid) with PCUsee (14).] 

C with pyridine and excess K2S2O5 yields (15) m-toluic anhydride, m.p. 70-71°. 

[For reactn. of C with AICI3 and various hydrocarbons to yield corresp. ketones, e.g., 
with CeHe yielding (10) phenyl m-tolyl ketone [Beil. VI 1-440, VIIi-(235)], with toluene 
yielding (16) m-tolyl 7>-tolyl ketone [Beil. VlI-451], with m-xylene yielding (17) m-tolyl 
m-xylyl ketone, see indie, refs.; note, however, that C on htg. with AICI3 alone at 130-140° 
gives (17) (44-46% yield (18)) 2,6-dimcthylanthraquinone [Bcil. VH-815], m.p. 236°] 

[C with MeZnI (19) or Zn(CH3)2 (3) or MeMgBr -f CdClg (20) gives (yield: 83% (20), 
43% (19)) wi-methylacetophenone (1:5527), b.p. 220°.] 

[C with CI2 at 160-180° gives (90% yield (21)) (6) m-(chloromcthyl)benzoyl chloride 
(c.KJhloro-7?i-toluyl chloride), b.p. 149-150° at 20 mm. (21); C with Bra at 185-195° gives 
(50% yield (22)) w-bromo-m-toluyl bromide, b.p. 1(57° at 22 mm. (22).] 

[C with MeOH yields methyl m-toluate (1:3781), b.p. 221°; C with EtOH yields ethyl 
m-toluate (1:3942), b.p. 234°; for study of rate of reactn. see (4).] 

C on hydrolysis yields m-toluic acid (1:0705), m.p. 110-111° (for study of rate see (23)). 
— For the amide, anilide, p-toluidide, and other derivs. corresp. to C see m-toluic acid 
(1:0705). 

8:6585 (1) van Scherpenzeel, Rec. trav. chim. 90 , 162 (1901). (2) Kohlrausch, Pongratz, Stock- 
mair, Monaiah. 67, 108 (1936). (3) Klages, Lickroth, Ber. 39 , 1560 (1899). (4) Norris, Young, 

J, Am. Chem. Soc. 57 , 1424 (1935). (5) Cohen, Dudley, J. Chem. Soc. 97 , 1749 (1910). (6) 

Morgan, Parter, J. Chem. Soc. 1996 , 1258. (7) Frankland, Aston, J. Chem. Soc. 75 , 494 (1899). 

(8) ]^ankland, Wharton, J. Chem. Soc. 69 , 1311 (1896). (9) Thompson, Norris, J. Am. Chem. 

Soc. 58 , 1965 (1936). (10) Ador, Rilliet, Ber. 19 , 2301 (1879). 

( 11 ) Maxim, Bui. Soc. Chim. Romdnia 11 , 29-36 (1929); Cent. 1999 , II 2324. (12) Shopee, 



879 


LIQUIDS WITH Df > 1.15 


3:6535-3:6540 


J. Chem. Soc. 198*, 700. (13) KissUng (to I.G.), Ger. 642,519, March 10, 1937; Cent. 1987, I, 
3874; C.A. 31. 5816 (1937). (14) Perkin, Simonsen, J. Chem. Soe. 91, 847 (1907). (15) 
Gasopoulos, Praktika Akad. Athenon 6 , 347-353 (1931); Cent 1932, I 3171. (16) Scharwin, 
Schorygin, Ber. 36, 2027 (1903). (17) Morgan, Coulson, J. Chem. Soc. 1929, 2213. (18) Seer, 

Monatah. 32, 154-157 (1911). (19) Mauthner, /. prakt. Chem. (2) 193, 394 (1921/22), (20) 
Gilman, Nelson, Rec. trav. chim. 55, 528-530 (1936). 

(21) Titley, J. Chem. Soc. 1928, 2582. (22) Davies, Perkin, J. Chem. Soc. 121, 2210 (1922). 

(23) Berger, Olivier, Rec. trav. chxm. 46, 524-527 (1927). 


3:6540 BENZOTRICHLORIDE 

(Phenylchlorof orm, 

CO, CO, co-tnchlorotoluene ) 




C 7 H 5 CI 3 Beil. V - 300 
Vi-(168) 
V,-(233) 


B.P. 

230.6-821.6° (1) 

220.9° (2) 

220.7° at 761 mm. (3) 
214-216° (4) 

213.0- 213.5° (5) 

129° at 60 mm. (6) 

105° at 26 mm. (7) 

110.7° at 23 mm. (3) 

89.0- 89.5° at 10 mm. (8) 


F.P. 

-4.4° (8) Di® 

-4.75° (3) 

-5.0° (9) (10) 

-8.1° (7) 

Z)L® 


1.3741 (8) 

1.37563 (4) 

nf? = 1.55789 (8) 
1.5579 (4) 

1.55726 (11) 

1.3775 (3) 


Colorless liquid insol. aq., sol. many org. solvents. — Ord. samples of C may also cont. 
benzal (di)chlonde (3:6327) or even benzyl chloruie (3:8535). — C when pure is stable 
in dry air, but ord. material (contg. dislvd. HCl) hydrolyzes rapidly in moist air (3). — 
The very high value (93) of molal f.p. lowering of C prob. accounts for difficulty of earlier 
workers in attaining high f.p. values (3). — For removal of dislvd. HCl from C by treat, 
with PbCOs see (9). — For puiification of C via crystallization see (10); for comml. puri- 
fication see (12). 

C forms const.-boilg. mixts. with various cpds., e.g., C with p-dibromobenzene (b.p. 
220.25°) forms an azeotrope, b.p. 219.6° at 760 mm., contg. 28 wt. % C (2); C with nitro- 
benzene (b.p. 210.75°) forms an azeotrope, b.p. 210.72° at 760^mm., contg. 1.5 wt. % C (2); 
C with o-nitrotoluene (b.p, 221.85°) forms an azeotrope, b.p. 219.55° at 760 mm., contg. 
75.5 wt. % C (13); C with methyl salicylate (1 :1750) (b.p. 222.35°) forms an azeotrope, 
b.p. 220.75° at 760 mm., contg. 97 wt. % C (13). 

C is impt. intermediate in prepn. of benzoic acid (see below under hydrolysis), in prepn. 
of certain dyestuffs (see below), and in prepn. of acyl halides and anhydrides (see below); 
for use in prepn. of films of cellulose ethers see (14). 

[For prepn. of C from toluene with CI2 especially in pres, of light and/or other catalysts 
see (15) (16) (17) (18); wdth CI2 in pres, of PCI3 (3) cf. (19); with SOCI2 in s.t. at 220° for 
18 hrs. (20) or at 230-250° (21) see indie, refs.; with NOCl at 350° see (22); for formn. of 
C from benzal (di)chloride (3:6327) with CI2 (23) or with NOCl at 150° (24) see indie, 
refs.; from benzyl chloride (3:8535) by htg. with PbCl4.2NH4Cl see (25); from benzoyl 
chloride (3:6240) with PCI5 see (26); from benzotrifluoride acetyl chloride + AICI 3 
as directed see (8); from benzyl ethers with PClg see (27).] 

[C on reductn. in ale. soln. writh H2 in pres, of colloidal Pd (28) or Pd/CaCOs (29) reacts 
bimolecularly giving (75% yield (28)) tolane tetrachloride (diphenylacetylene tetrachloride) 
(3:4496), colorless cryst. from AcOH, m.p. 162-163° (28), also obtd. from C by other 
treatments (see below) ; this prod, with H2 + Pd/ CaCOa in ale. KOH is further reduced 
yielding (29) dibenzyl (1 : 7149) (use in quant, detn. of its halogen (29)). — C wdth hydra- 
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rine hydrate in MeOH/KOH in pres, of Pd/CaCOs refluxed for hrs. gives (42% yield 
(30)) a mixt. of the two geom. isomeric tolane dichlorides consisting mainly of the a- 
isomer (3:4210), colorless this, from ale., m.p. 148® (30), with a little of the /9-isomer 
(3:1380), m.p. 61® (30); despite their unsaturation these prods, reduce further only with 
difficulty. 

[C satd. with CI2 and stood in sunlight for 8 months or C with liq. CI2 in sunlight for 
a few days adds 3 CI2 snelding (31) l,2,3,4,5,6-hcxachloro-l(trichloromethyl)cyclohexane, 
cryst. from CHCI3 or by sublimation, m.p. 103° (31); this may be accompanied by a little 
pentachlorotrichloromethylcyclohexene, m.p. 132-134° (31). — C with CI2 in pres, of I2 
yields (32) a mixt. of mono- and di-chlorobenzotrichlorides.] 

iC on pyrogenic decompn. over Pt at red beat yields (32o) cf. (34) tolane tetrachloride 
(3:4496) together with its isomorphous mixt. with oe-tolane dichloride (see above). — 
C with Na in liq. NH3 yields (33) 5% dibenzyl (1 : 7149) accompanied by much nitrogenous 
tar. — C with Zn in ether soln. reacts vigorously yielding (36) a deep green soln. contg. 
tolane dichloride (see above). — C with equal wt. reduced Cu at 100® for 10 hrs. yields 
(36) tolane tetrachloride, m.p. 162° (3 :4496); note that distn. of crude reactn. prod, leads 
to further reactn. and formation (36) (37) of a- and /8-tolane dichlorides (see above). — 
C with CeHe in pres, of powdered chromium metal at 100® for 5 hrs. gives (17% yield (38)) 
triphenylchloromethane (3:3410), m.p. 106® (38). — C with small proportion of AICI3 
(0.1 mole) at 50-60° evolves HCl and gives a mixt. (39) contg. 40% a,a-dichloro-m-tri- 
chloromethyl-diphenylmethane, m.p. 59-61®, -f 10% m-(a',a'-dichloro^'-trichloro- 
methylbenzyl)-a,a-<lichlorodiphenylmethane, oil, -j- 34% imchanged C. — C with AICI3 
in CeHe (39) or C with A1 + HgCl2 in CeHe (40) gives (62% yield (39)) 9,9',10,10'-tetra- 
phenyl-9,10-dihydroanthracene, cryst. from acetone or Igr., m.p. 159° (40), 157-168® (39).] 

[C with MeMgCl in ether gives two types of reactn. according to conen. (41); e.g., C 
with dilute MeMgCl yields tolane tetrachloride (3:4496) 4- ethane -f MgCb, while C 
with cone. MeMgCl gives in 22% yield a mixt. of the two geom. isomers of tolane dichloride 
(see above; consisting of 5 pts. of the trans form (3:4210), m.p. 138-139® (41), together 
with 1 pt. of the cis form (3 : 1380), m.p, 63° (41), separable by fractional crystn. from ale. — 
For reactn. of C with EtMgBr see (42). — C does not (43) react with excess mercury di-p- 
tolyl.] 

[C with HF gas in Cu flask at 0° for 72 hrs. (44), or C with SbF3 (45) (46), or C with 
SbF8.2NaF at 130-140° (47), gives (yields:. 76-96% (44), 75% (45), benzotrifluoride, 
b.p. 102.3°, m.p. —29®. — Note that C with ZnF2 in Cu flask at 120® for 6 hrs. gives (66% 
yield (67)) benzoyl fluoride, b.p. 165-156® (57), also that C + KF in HCOOH gives (16% 
yield (68)) formyl fluoride, b.p. —26° at 750 mm. (68).] 

C on complete hydrolysis yields benzoic acid (1:0716): e.g., C on htg. with anhydrous 
HCOOH yields (48) BzOH + CO + HCl (use in detn. of side-chain halogen (49)); C with 
aq. in s.t. at 150° (15) or with aq. at 9(1-95° in pres, of Fe salts (50), or with aq. vapor at 
560-850° over cat. (51), or with aq. -f ZnCl2 at 110-116° under press. (52), or with aq. 
CaCOa at 90° followed by acidif. with mini, acid (53) yields BzOH; note, however, although 
C in ether soln. is only slowly hydrolyzed by aq. at room temp. (54) yet C adequately 
shaken with aq. at room temp, is completely hydrolyzed (use in detn. of C + benzal (di-)- 
chloride benzyl chloride by titration with std. alk. using thymolsulfonphthalein (65)) 
and C if subjected to actn. of steam (as in steam distn. of mixt. jvith volatile cpds.) is 
partially hydrolyzed (8). — [For study of kinetics of hydrolysis of C in aq. acetone at 30° 
in pres, of acids, bases, or salts see (1).] 

[C on partial hydrol3rsis yields benzoyl chloride (3:6240): e.g., C with limited amt. aq. 
in pres, of H2S04 or FeCls (56), or C with ord, comml. ZnCl2 at 120° (57) (58), or C with aq. 
vapor over tin phosphate at 240° (59), or C with pure ZnO at 100° (57), or C with benzoic 
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add in boilg. nitrobenzene (60), yields BzGl; note, however, that C with pure ZnCla fails to 
react but addn. of 1 mole aq. or initial use of tech. ZnCb gives BzCl (57).] 

[C htd. with carboxylic acids or anhydrides especially in pres, of ZnCb is often used to 
prepare a mixture of benzoyl chloride with the acid chloride of the acid employed, particu- 
larly in cases where the two acyl chlorides are readily separable: e.g., C with phthalic 
anhydride (1 :0725) (61) (62) or phthalic acid (1 :0820) (62) -f ZnCl2 at 110-120® or above 
gives 96% yield BzCl (3:6240) + 93% spm.-phthalyl (di)chloride (3:6900); for other 
examples see under chloroacetyl chloride (3:5235), dichloroacetyl chloride (3:5290), 
trichloroacetyl chloride (3:5420), fumaryl (di)chloride (3:5875), and terephthalyl (di)- 
chloride (3:2205). — Similarly C with salts of sulfonic acids yields BzCl + the corresp. 
sulfonyl chloride: e.g., C + sodium /3-naphthalenesulfonatc gives (63) 90% yield BzCl H- 
80% yield /3-naphthalenesulfonyl chloride.] 

[C under certain conditions may be converted to benzoic anhydride (1:0595): e.g., C 
with BzOH + trace Fe salts htd. 6 hrs. at 110-115° under reflux (64), or C with NaOBz (65), 
or C with ord. cone. H2SO4 (66), or C in AcOH in pres, of phosgene (67), yields BZ2O.] 

C very readily undergoes alcoholysis: e.g., C with EtOH in pres, of ZnCl2 yields (69) 
ethyl benzoate (1:3721); note, however, that C + abs. EtOH in s.t. at 130-140° (70) or 
C 4- trace sublimed FeCls treated at 80-110° with 95% ale. (71) yields benzoyl chloride 
(3:6240) -f ethyl chloride (3:7015); furthermore that C + ethyl acetate (2 moles) in 
pres, of ZnCl2 3delds (69) ethyl benzoate (1:3721) -f- acetyl chloride (3:7065) + ethyl 
chloride (3:7015). 

C reacts with phenols to give various products according to circumstances: C with aq. 
(72) (74) or better ale. (73) sodium phenolate (3 moles) gives at 100° small yields of phenyl 
benzoate (l!2257), m.p. 71°, and of o-hydroxybenzophenone (1:1414), m.p. 41°, together 
with other prods, notably benzaurin (see below). — G with phenol in pres, of ZnO gives 
(75) phenyl benzoate (see above) + p-hydroxybenzophenone (1:1560), m.p. 134°. — 
C with phenol (2 moles) htd. at 100° and reactn. prod, treated with steam yields (76) (77) 
4,4'-dihydroxytriphenylcarbinol (=phenolbenzein==4'-hydroxyf uchsone=bcnzaurin ) [Beil. 
VI-1145, VIIIi- (589)1, as red crystn. powder (diacetate, m.p. 119° (76) (77); dibenzoate, 
m.p. 183-184° (76)), accompanied by p-hydroxybenzophenone (see above). — [For corresp. 
reactns. of C with o-crcsol (1 : 1400) yielding o-cresolbenzein (78) (79), with thymol (1 : 1430) 
yielding thymolbenzein (80), with resorcinol (1 : 1530) yielding resorcinolbenzein (76), or 
with pyrogallol (1:1555) yielding pyrogallolbenzein (81) see indie, refs. — For reactn. of 
C with a-naphthol (1 : 1500) (73) (94) (95) (or with l-hydroxynaphthoic acid-2 (82) (83) 
(95)) yielding 4-(l-hydroxynaphthyl) phenyl ketone (or the corresp. 4-(l-hydroxy-2- 
carboxynaphthyl) phenyl ketones) respectively see indie, refs.; for reactn. of C with j8- 
naphthol (1 : 1540) see (84).] 

C with ammonia or amines gives varied reactns. — C with liq. NH3 (85) or with NH4CI 
in s.t. at 200° (86) gives (75% yield (85)) benzonitrile; C with cone. aq. NH4OH in s.t. at 
130° yields (85) benzoic acid + benzamide + benzonitrile. — C (1 mole) with aniline 
(2 moles) warmed together without solvent or with ZnCl2 in AcOH soln. gives (87) iSr,lV'- 
diphenylbenzamidine hydrochloride [Beil. XII-273, XIIi-(202)], the free base of which 
has m.p. 147°; note, however, that C with aniline hydrochloride + nitrobenzene + Fe 
filings htd. at 180° for 3-4 hrs. yields (87) the dyestuff Doebner’s Violet (the HCl reactn. 
prod, of 4,4'-diaminotriphenylcarbinol) [Beil. XIII-742, XIIIi-(293)J. — C (1 mole) with 
dimethylanUine (2 moles) htd. at 100° preferably in pres, of ZnCl2 yields (86) the dyestuff 
Malachite Green (the HCl reactn. prod, of 4,4'-dimethylaminotriphenylcarbinol) [Beil. 
XIII-743, XIIIi- (293)1 (see © below); analogous dyestuffs from other tertiary amines 
cannot be discussed here. 

[C with excess phenylhydrazine in ale. does not react until Cu powder is added; the 
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solution then (89) rapidly turns or.-red. and on cooling soon ppts. a mixture of benzalde- 
hydephenylhydrazone, m.p. 157® (see 1:0195) (doubtless accounted for by reductn. of C 
to benzal (di)chloride (3:6327) at the expense of phenylhydrazine), together with phenyl- 
hydrazine hydrochloride. — C + excess phenylhydrazine heated in ale. without Cu (89) 
turns dark red and ppts. a mixt. of “ formazylbenzene ** [Beil. XVI-17], red Ifts. from ale., 
m.p. 173® (doubtless accounted for as above), and phenylhydrazine hydrochloride.] 

[C with amides or ammonium salts gives on htg. mixtures of corresp. nitriles and acid 
halides: e.g., C with benzamide at 140® yields (90) benzonitrile + benzoyl chloride; C with 
p-toluamide at 140® yields (90) benzonitrile, p-tolunitrile, benzoyl chloride, and />-toluyl 
chloride (3:6600). — For patents exemplifying this type of reactn. see (91) (92).] 

C on mononitration, e.g., with 0.44 pt. fumg. HNO3 + 0.44 pt. cone. H2SO4 at 25-30° 
for K hr. (4), gives 85% yield TW^nitrobenzoic acid, m.p. 140® (4); very possibly hydrolysis 
here precedes nitration since C on nitration with N2O5 in cold CCI4 gives (32) (93) an oily 
mixt. of nitrobenzotrichlorides more stable to hydrolysis than original C, but which on 
cleavage with alk. or cone. H2SO4 yields a mixt. of nitrobenzoic acids containing 70% m- 
nitrobenzoic acid (for other studies of nitration of C see (5) (10)). — C on dinitration by 
soln. in 5.4 pts. cone. H2SO4 and treatment with 6.8 pts. fumg. HNO3 at 185° for 1 hr. gives 
(4) 33% yield of 3,5-dinitrobenzoic acid, m.p. 203-204® (4). 

(C cannot be sulfonated without hydrolysis of the — CCI3 group; C with cone. H2SO4 
even at 30® yields (66) benzoic acid (or its anhydride). — However, C with gaseous SO3 
at room temp. (6) gives on subsequent vac. distn. an oil (perhaps m-sulfobenzotrichloride) 
which with aq. yields w-sulfobenzoic acid [Beil. XI-384, XIi-(98)], dihydrate, m.p. 97-98°, 
losing aq. at 160® yielding anhydrous acid, m.p. 140-141® (6).] 

(g) Malachite Green formation. C (1 drop) + dimethylaniline (1 drop) warmed with 
0.1 g. fused ZnCl 2 gives intense green color. 

® Benzoic acid: C on refluxing with aq. NaOH soln., subsequently acidified, ppts. 
benzoic acid (1:0715), m.p. 121®. 
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3:6650 ^HLOROBENZOYl CHLORIDB C 7 H 4 OCI 1 

Cl< ^^ ^ -C=0 


Ben. IX - 341 
IXi-(140) 




B.P. 



M.P. 

221-221.5® 


( 1 ) 

16° (9) ~ 1^621 ( 8 ) 

220 - 222 ® 

( 2 ) ( 10 ) ( 12 ) 

15° (10) • 1^-1.5790(8) 

119® 

at 27.6 mm. 

(3) 

14-16° (11) 

109® 

at 18.6 mm. 

(3) 

13.5° ( 8 ) 

111.5® 

at 18 mm. 

<4> 

13-14° (12) 

109-111® 

at 18 mm. 

(5) 


104.5® 

at 16 mm. 

(3) 


105® 

at 14 mm. 

( 6 ) 


100.0-100.4® 

at 12.6 mm. 

(7) 


99.6® 

at 11 mm. 

( 8 ) 


99® 

at 11.6 mm. 

(3) 


97.5® 

at 10.6 mm. 

(3> 


93.6-93.9® 

at 9 mm. (33) 


79.5-79.7® 

at 2 mm. (19) 


[For prepn. of C from p-chlorobenzoic acid (3:4940) with PCIb (80% yield ( 10 )) ( 2 ) (13) 


<14), with SOCI 2 <11> (14) (6) (33), with SOCI 2 + AlCla (15), or with p-chlorobenzotri- 
chloride (3:6825) + ZnCl 2 (16) cf. (18) see indie, refs.; from NaA with oxalyl dichloride 
(3:5060) see (17); from ^toluenesulfonyl chloride with SOCI 2 in s.t. at 240® (95% yield) 
see (12); for formn. of C (2%) from benzoyl chloride (3:6240) with CI 2 + FeCls (together 
with 83.5% mr (3:6590) and 14.5% o- (3:6640) isomers see (3).] 

C with MeOH yields (4) methyl p-chlorobenzoate (3:0535), m.p. 43®; C with EtOH 
yields ethyl p-chlorobenzoate (3:6750), b.p. 238® (for study of rate of alcoholysis see (19) 
(20)); C with isopropyl ale. yields isopropyl p-chlorobenzoate (for study of rate of reactn. 
see (21)). 

C with NaA (50% yield (22)) or C with oxalyl dichloride (3:5060) in CeHe (23) gives 
p-chlorobenzoic acid anhydride, ndls. from CeHe or dil. acetone, m.p. 194.8® (22), 193-194® 
(23) (24). [This anhydride may form during various reactns. of C espec. in pres, of ter- 
bases or Na 2 C 08 .] _ 

[For reactn. of C with Aids + benzene yielding (25) p-chlorobenzophenone (3:1914), 
with AlCla -f toluene yielding (26) 4-chloro-4-methylbenzophenone, with AICI 3 + biphenyl 
yielding (5) p-chlorophenyl p-xenyl ketone, with AlCh -f naphthalene yielding (27) p-chlo- 
rophenyl a-naphthyl ketone; with AiCls 4 - chlorobenzene yielding (9) 4,4'-dichlorobenzo- 
phenone (3:4270), with AlCls + anisole yielding ( 6 ) (28) 4-chloro-4'-methoxybenzophe- 
none, with AICI 3 -f phenetole yielding 4-chloro-4'-ethoxybenzophenone see indie, refs.] 

[For reactn. of C with perylenetetracarboxylic acid diimide yielding vat dyes see (30); 
with 4,10-dichloroperylene -f- AlClj see (31).] 

[For reactn. of C with alk. H 2 O 2 in acetone giving 4,4'-dichlorodibenzoyl peroxide, m.p. 
137-138® dec., see (32).] 

C on hydrolysis 3 rields p-chlorobenzoic acid (3 : 4940) ; for the amide, anilide, p-toluidide, 
and other derive, corresp. to C see p-chlorobenzoic add (3:4940). 
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Soc. 136, 2161 (1924). (23) Adams, Wirth, French, J. Am. Chem. Soc. 40, 427 (1918). (24) 
Lockemann, Ber. 43, 2229 (1910). (25) Demuth, Dittrich, Ber. 33, 3609 (1890). (26) Blakey, 
Scarborough, J. Chem. Soc. lOJW, 2495. (27) Scholl, Seer, Ber. 66, 115 (1922). (28) Jones, 

J. Chem. Soc. 1936, 1861. (29) Montagne, Rec. trav. chim. 39, 346 (1920). (30) Nawiasky 
(to B.A.S.F.), Ger. 411,594, AprU 2, 1925; Cent. 1936, 1 2666. 

(31) Zinke, Funke, Pongratz, Ber. 58, 802 (1925). (32) Gelissen, Hermans, Ber. 68, 292 (1925). 
(33) Thompson, Norris, J. Am. Chem. Soc. 68, 1956 (1936). 


3:6560 n-AMYL TRICHLOROACETATE C 7 H 11 O 2 CIS Beil. S.N. 160 

n-CftHii.O.CO.CCls 

B.P. 2a0.3-)!22.3» ( 1 ) = 1.2476 ( 2 ) 

218° at 766 mm. (2) 

124.8-126° at 36 mm. <U 
IIS'" at 30 mm. (2) 

[For prepn. (91% yield (2)) from w-amyl ale. (1:6205) + trichloroacetic ac. (3:1150) 
see (2).] 

3:6660 (1) Cheng, Z. phyaik. Chem. B-34, 309 (1934). (2) Liston, Dehn, J. Am. Chem. Soc. 66, 
1264-1265 (1938). 


3:6575 TRICHLOROACETIC ACID ANHYDRIDE C 4 O 3 CI 6 



BeU. n - 310 

ni- 

n2-(3oo) 


B.P. 233® (1) 

222-224® dec. (2) (3) 

98-100® at 11 mm. (4) 

Note that the above name of C is so rendered to emphasize that it is the anhydride of 
trichloroacetic acid (not a trichlorinated acetic anhydride). 

[For prepn. of C from trichloroacetic acid (3:1150) with trichloroacetyl chloride (3:5420) 
and PCls (2), P 2 O 6 (1) or AlCls (5) see indie, refs.; for prepn. of C from trichloroacetic acid 
(3:1150) with P 2 O 6 at 200-215° (80% yield (6)) (4) see indie, refs.; for prepn. of C from 
sodium trichloroacetate with SO 2 CI 2 or SO 2 + CI 2 in EtOAc (90-95% yield) see (7).] 

[For behavior of C on htg. with SbFs + Br 2 see (6); for behavior with pure H 2 O 2 see (4).] 
C is hydrolyzed with great speed by aq. or even moist air (2) (4) yielding trichloroacetic 
acid (3:1150) q.v.; for the amide, anilide, p-toluidide, and other derivatives corresp. to 
C see trichloroacetic acid (3:1150). 

3:6676 (1) Clermont, Compt. rend. 86, 337 (1878); Bidl. aoc. chim. (2) 80, 505 (1878). (2) Buck- 
ney, Thomsen, Ber. 19, 698^99 (1877). (3) Antoine, Jahreaber. 1888, 1032. (4) Fichter, fVitsch, 
Muller, Hdv. Chim. Ada 6, 50^504 (1923). (5) Strosacker, Schwegler (to Dow Chem. Co.), 
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U.S. 1,713,104, May 14, 1929; Cent. 1929, II 1215; C.A. 23, 3234 (1929). (6) Swarts, BvXL. aoc. 
chim. (3) 18, 992 (1896). (7) I.G., French 703,816, May 6, 1931; Cent. 1931, II 1347. 


3:6582 DIMETHYL CHLOROFUMARATE 


C6H7O4CI 

-COOCHs 


B.P. 

234 ^ < 1 ) 

115.5° cor. at 18 mm. (2) 
108° at 16 mm. (3) 


CHgOOC—CH 

= 1.2899 (2) 
= 1.300 (3) 
Df® = 1.3028(3) 


Beil, n - 744 
ni-(302) 
n2-(640) 


n|®e = 1.471 (3) 

n{/e® = 1.47198 (3) 


[For prepn. of C from ohlorofumaric acid (3:4853) in abs. MeOH with HCl gas (1) or 
cone. H2SO4 (3) see indie, refs.; from chlorofumaryl (di)chloridc (3:6105) with MeOH 
under reflux see (1).] 

3:6582 (l) Kauder, J. prakt. Chem (2) 31, 26-28, 32 (1885). (2) Walden, Swinne, Z. physik. 

Chem. 79, 741 (1912). (3) von Auwers, Harres, Ber. 62, 1679, 1686-1687 (1929). 


3:6590 m-CHLOROBENZOYL CHLORIDE 


C7H4OCI2 

C=0 


Beil. DC > 338 
IXi-(139) 


225° 

(1) (2) 

143-145° 

at 

40 mm. 

(6) 

224.8-228.2° 

(3) 

117.5° 

at 

26 mm. 

(7) 

224-227° 

(4) 

112° 

at 

21 mm. 

(7) 

222° 

(5) 

109,5° 

at 

19 mm. 

(7) 



103.5° 

at 

15 mm. 

(7) 



110° 

at 

15 mm. 

(8) 



103.4° 

at 12.5 mm. (18) 



99.5° 

at 12.5 mm. 

(7) 



94.5° 

at 

10 mm. 

(7) 



77.5-78° 

at 

1 mm. 

m 


[For prepn. of C from m-chlorobenzoic acid (3:4392) with PCI5 (76% yield (8)) (1) (5) 
or with SOCI2 (10) (6) see indie, refs.; from benzoyl chloride (3:6240) with CI2 -f- FeCla 
(83.6% C) see (7) (11); from tetrahydroxybenzoic acid [Beil. X-535, Xi-(270)] with 5 
moles pels see (12); from o-sulfobenzoic acid with 2 moles PCI5 sec (1) (13).] 

[Note that for the isomeric p-chlorobenzoyl chloride (3 : 6550) htg with P2O6 in toluene 
3delds (16) the corresp. anhydrides; although this reactn. is not recorded for C yet the 
corresp. m-chlorobenzoic acid anhydride, ndls. from ale. (17) or from It. pet. (16), m.p. 
95.6° (16), 95° (17), has been obtd. from m-chlorobenzoic acid (3:4392) with P2O5 in 
boilg. toluene (30% yield (16)) or with oxalyl dichloride (3:5060) in boilg. CeHc (17).] 

[C with MeOH yields (5) methyl m-chlorobenzoate (3:6670), b.p. 231°; C with EtOH 
yields (1) ethyl m-chlorobenzoate (3:6770), b.p. 245°.] [For studies of rate of alcoholysis 
of C see (14) (9).] 

[C with CeHe + AICI3 gives (65% yield (6)) (2) (4) ?n-chlorobenzophenone (3:2160), 
m.p. 82-83°; C with naphthalene + AICI3 in CS2 gives (73% yield (16)) m-chlorophenyl 
a-naphthyl ketone, pale yel. pr. from ale., m.p. 77-79° (16).] 

C on hydrolysis (e.g., by boilg. with aq. (7)) yields m-chlorobenzoic acid (3:4392). — 
For the amide, anilide, 2>toluidide, and other derivs. corresp. to C see m-chlorobenzoic acid 
(3:4392). 
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3:6590 (l) Limpricht, von Uslar, Ann. 103 , 262-263 (1867). <2) Hantasch, Ber. 24 , 67 (1891). 

(3) Kohlrausch, Pongratz, Stockmair, Monatah. 67 , 108 (1935). <4) Norris, Blake, /. Am. Chem. 
Soc. 60 , 1812. <5) Montagne, Rec. trav. chim. 19 , 66, 68 (1900). (6) Bergmann, Bondi, Ber. 64 , 

1477 (1931). <7) Hope, Riley, J Chem. Soc. 121 , 2510-2527 (1922). (8) Novello, Miriam, 

Sherwin, J. Biol. Chem. 67 , 558 (1926). (9) Norris, Young, J. Am. Chem. Soc. 57 , 1420-1424 

(1935). (10) Frankland, Carter, Adams, J. Chem. Soc 101 , 2476-2477 (1912). * 

<11) Hope, Riley, J. Chem. Soc, 128 , 2470-2480 (1923) . (12) Graebe, Ann. 138 , 200-202 (1866). 
(13) Otto, Ann. 122 , 156 (1862). (14) Berger, Olivier, Rec. trav. chim. 46 , 516-527 (1927). 

(16) Scholl, Seer, Ber. 55, 113 (1922). (16) Rule, Paterson, J. Chem. Soc. 125, 2161 (1924). 

(17) Adams, Wirth, French, J. Am. Chem. Soc 40, 427 (1919). (18) Thompson, Norris, J. Am. 

Chem. Soc. 58, 1956 (1936). 


3:6600 ^-TOLUYL CHLORIDE 
(p-Methylbenzoyl chloride) 


CsHyOCl 

CH3<( 


Cl 


BelL IX - 486 
IXi-(193) 


B.P. 

335.5-226.7° (1) 

335-337° (2) 

324-336° at 720 imn. (3) 

125° at 36 mm. (14) 

101-103° at 16 mm. (13) 

103° at 16 mm. (4) 

103.7° at 14 mm. (5) 

96-95.5° at 10 mm. (6) 

73.8-73.0° at 4.6 mm. (7) 

70-71° at 4 mm. (8) 

90-90.6° at 3 mm. (9) 

[For prepn. of C from p-toluic acid (1:0795) with PCls (100% yield (3)) (6) (10), with 
PCI3 (11), with SOCI2 (95% yield (12)) (2) (7) (13) (14), with POCI3 + NaCl (KCl) (15) 
see indie, refs.] 

[C with pyridine and excess K2S2O5 yields (16) p-toluic anhydride, m.p. 94° (also formed 
as by-product of prepn. of C with PCI5 (6)).] 

[For reactn. of C with AICI3 and various hydrocarbons to yield ketones, e.g., with CeHe 
yielding (3) phenyl p-tolyl ketone (1:5160), with toluene yielding (17) di-p-tolyl ketone 
(1:5185), with biphenyl yielding (18) (13) p-tolyl p'-xenyl ketone, with naphthalene 
yielding (19) a-naphthyl p-tolyl ketone, with m-xylene yielding (14) p-tolyl m-xylyl ketone, 
with p-xylene yielding (14) p-tolyl p-xylyl ketone, with isopropylbenzene (cumene) yielding 
(20) p-cumyl p-tolyl ketone see indie, refs.] 

[C with EtZnI yields (21) ethyl p-tolyl ketone [Beil. VII-317, VIIi-(170)], b.p. 238°.] 

[C with CI2 at elevated temp, yields (22) p-(chloromethyl) benzoyl chloride (oi-chloro-p- 
toluyl chloride, b.p. 150-155° at 22 mm. (22); C with Br2 at 185-190° yields (23) a mixt. of 
p-(bromomethyl)benzoyl chloride, b.p. 155-156° at 20 mm., and p-(bromomethyI) benzoyl 
bromide, b.p. 170-171° at 20 mm., m.p, 56° (23).] 

[C with MeOH yields methyl p-toluate (1:2071), m.p. 33°, b.p. 222.5°; C with EtOH 
yields ethyl p-toluate (1:3947), b.p. 234.5°; for study of rate of reactn. with MeOH see 
(24),with EtOH see (9), with isopropyl ale. see (25).] 

C on hydrolysis yields p-toluic acid (1:0796), m.p. 178°; for the amide, anilide, p-tolui- 
dide, and other derivs. corresp. to C see p-toluic acid (1:0795). 

3:6666 (1) Kohlrausch, Pongratz, Stockmair, Monatah. 67 , 108 (1936). (2) Meyer, MonaUh. 

33, 426 (1901). (3) Ador, Rilliet, Ber. 13, 2298-2299 (1879). (4) Frankland, Aston, J. Chem. 


F.P. 

-3.9° (5) Df = 1.1686 (6) - 1.5449 (6) 

-3.0° (6) 
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Soe, 75, 494 (1899). (5) Martin, Partington, J. Chem. Soc. 1936, 1177. (6) van Scherpenzeel, 
Xee. trap. chim. 39, 166 (1901). (7) Thompson, Norris, J. Am. Chem. Soc. 58, 1966 (1936). 
(8) Branch, Nixon, J. Am. Chem. Soc. 58, 2600 (1936). (9) Norris, Young, J. Am. Chem. Soc. 

57, 1424 (1936). (10) Cahours. Ann. 108, 316 (1868). 

(11) Frankland, Wharton, J. Chem. Soc. 69, 1311 (1896). (12) Maxim, But. Soc. Chim. 

Romdnia 11, 29-36 (1929); Cent. 1929, II 2324. (13) Schlenk, Bergmann, Ann. 464, 32 (1928). 
(14) Morgan, Coulson, /. Chem. Soc. 1929, 2208-2211. (16) Kissling (to I.G.), Ger. 642,619, 

March 10, 1937; Cent. 1987, I 3874; C.A. 31, 6816 (1937). (16) Gasopoulos, Praktika Akad. 
Athenon 6, 347-353 (1931); Cent. 1932, I 3171. (17) Sommelet, Compt. rend. 180, 1349-1351 
(1926). (18) Dilthey, J. prakt. Chem. (2) 100, 316 (1925). (19) Scholl, Seer, Ann. 394, 147 
(1912). (20) Kozlov, Fedoseev, Drabkin, J. Gen. Chem. (U.S.S.R.), 6, 1686-1689 (1936); Cent. 

. 1937, I 2369; C.A. 31, 2691 (1937). 

(21) Mauthner, J. prakt. Chem. (2) 103, 294 (1921/22). (22) Badische Anilin- und Soda> 

Fabrik., Ger.' 239,311, Oct. 10, 1911; Cen<. 1911, II 1394; Ger. 240,835, Nov. 15, 1911; Cent. 1911, 
II 1843. (23) Titley, J. Chem. Soc. 1928, 2581. (24) Norris, Fasce, Stand, J. Am. Chem. Soc. 
57, 1415-1420 (1935). (25) Norris, Gregory, J. Am. Chem. Soc. 50, 1813-1816 (1928). 

4,6-DICHLORO-2-METHyLPHENOL OH C7H6OCI2 Beil. VI - 369 

VIi-(174) 

1 J Vh-{BS2) 

BJP. 996.5° M.P. 56° 

See 3:1020. Division A: Solids. 


3:6615 o-CHLOROACETOPHENONE O CsHtOCI Beil. VH — 

(o-Chlorophenyl methyl ketone) yv Vni-(151) 

IJci 

B.P. 

228-229® at 768 mm. (10) = 1.1884 (1) =« 1.686 (1) 

227-228® at 738 mm. (1) = 1.198 (4) n^®e - 1.6483 (4) 

226-228® (2) 2)1®* « 1.2016 (4) 

226-222® (3) 

113® at 18 mm. (4) 

98® at 6 mm. (5) 

Colorless mobile liquid with agreeable odor. 

[For prepn. of C from o-chlorophenyl-methyl-carbinol (4) (5) by oxidn. with CrOs see 
(4) (5); from methyl o-chlorobenzoylacetate (60% yield (2)) or from ethyl o-chlorobenzoyl- 
acetate (80% yield (1)) (54% from C (10)) on ketonic hydrol. with boilg. 20% H2SO4 for 
10-12 hrs. see indie, refs.; from o-chlorobenzonitrile [Beil. IX-3361 with MeMgl in ether 
(56% jdeld) see (3).) 

[C with CuCN on htg. in mixt. of quinoline + pyridine as directed (6) gives 20% yield 
o-eyanoacetophenone, m.p. 48®, b.p. 148® at 12 mm. (6); for behavior of C on htg. with 
CuCN in quinoline at 210® or with CuCN -1- phthalonitrile in quinoline yielding copper- 
contg. pigments of the phthalocyanine type see (7).] 

[C on htg. with 60% KOH as directed (8) gives small yield o-chlorobenzoic acid.] 

(C on mononitration with 10 pts. HNOs {D « 1.62) at 0® gives (85% yield (1)) 2-chloro- 
4-nitroacetophenone, colorless pr. from ale., m.p. 62® (1) (for condens. of this prod, with 
arylamines to give substituted acridines see (9)).] 
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3:6616-3:6626 


o-Chloroacetophenone oxime: ndls. from aq., m.p. 112-113^ <4), lOS"* (1). 

® o-Chloroacetophenone j>-nitrophenylhydrazoiie : maroon cryst. from AcOH, m.p. 215** 
(2). (The phenylhydrazone of C is unstable (2).) 

o-Chloroacetophenone 2,4-dinitrophenylhydrazone: dark yel. Ifts. from AcOEt, 
m.p. 206“ (3). 

o-Chloroacetophenone semicarbazone: cryst. from MeOH, m.p. 17^179“ (3), from 
40% AcOH, m.p. 159-160“ <2). 

3:6615 <1) Thorp, Bninskill, J. Am. Chem. Soc. 37, 1260-1261 (1915). (2) Wahl, RoUand. 

Ann. chim. (10) 16, 28-29 (1928). (3) Borsche, Scriba, Ann. 541, 290 (1939). (4) von Auwers, 
Lechner, Bundesmann, Ber. 58, 49-50 (1925). (5) Ferbwerke Meister Lucius BrQning, Brit. 
176,038, March 30, 1922; Cent. 1923, II 1252. (6) Helberger, von Rebay, Ann. 531, 283-284 

(1937). (7) Helberger, Ann. 529, 216-217 (1937). <8) Lock, B6ck, Ber. 79, 920 (1937). (9) 

Jensen, Rethwisch, J. Am. Chem. Soc. 56, 1145, 1149 (1928). (10) Sharp, Sutherland, Wilson, 
J. Chem. Soc. 1943, 346. 


3:6625 o-CHLOROBENZAL (DI)CHLORIDE 


(o-Chlorobenzylidene (di)chloride) / SCHCI2 

Cl 


C7H5CI3 


B.P. 


228.5“ (1) 

227-230“ (2) 

226-228“ at 746 mm. (3) 
100“ at 10 mm. (3) 


D\l = 1.309 (1) 




BeU. V - 300 
Vi— 
V2— 

1.5670 (4) 


[For prepn. of C from o-chlorobenzaldehyde (3:6410) with PCls (86% yield (3)) (5) see 
indie, refs.; from o-toluenesulfonyl chloride with CI2 at 92® (73.5% yield (4)) or at 150- 
200“ (6) gee indie, refs.; from o-chlorotoluene (3:8245) with CI2 (1) in pres, of PCls at 
150-180“ (7) or in pres, of PCI3 at 102-105® (8) see indie, refs.; from o-hydroxybenzalde- 
hyde (salicylaldehyde) (1:0205) with PCls see (2); for formn. of C (5-7%) from benzal 
dichloride (3 : 6327) with CI2 in pres, of I2 (accompanied by 43% and 46-47% p-isomers) 
see (9).] 

[For use of C in prepn. of triphenylmethane dyes see (10) (11); for condensation with 
isoviolanthrone in prepn. of vat dyes see (12).] 

C on boilg. with water for 20 hrs. (3) or on htg. with aq. in s.t. at 170“ (2) or with weakly 
fumg. H2SO4 at ord. temp, as directed (7) yields o-chlorobenzaldehyde (3:6410). [For 
studies of this hydrolysis under various other conditions see (13) (5).] 

C on oxidn. with CrOa (2), or C on boilg. with aq. for 20 hrs. followed by treatment with 
cold cone. aq. KMn04 (3), gives (75% yield (3)) o-chlorobenzoic acid (3:4150), m.p. 141“ 
(3). 

[C in MeOH treated with molecular Ag -f sand and htd. in s.t. for 6 hrs. at 95“ yields (1) 
a,jd-dichloro-a,/3-6w-(o-chlorophenyl)ethane [Beil. V-601], cryst. from ether -h Igr., m.p. 
170.5“ (1).] 

3:6625 (1) Gill, Ber. 26, 650-652 (1893). (2) Henry, Ber. 2. 136 (1869). (3) Asinger, Lock, 
Monatah. 62, 333-334 (1933). (4) Davies, Dick, /. Chem. Soc. 1932, 2045. (5) OUvier, Weber, 

Rec. trav. chim. 53, 881, 888 (1934). (6) Gilliard, Monnet, Cartier, Ger. 98,433, Dec. 12, 1896, 
CenS. 1898, II 800. (7) Erdmann, Ann. 272, 151-152 (1892). (8) K 3 n'ides (to National Aniline 
and Chem. Co.), U.S. 1,733,268, Oct. 29, 1929; Cent. 1930, 1 3831. (9) Wertyporoch, Ann. 493, 

161-162 (1932). (10) Geigy and Co., Ger. 213,503, Oct. 14, 1909; Cent. 1909, II 1515. 

(11) Weiler, Wenk, Stotter, Ger. 540,208, Dec. 12, 1931; Cent. 1932, I 3013. (12) Wuertz, 
Lycan (to du Pont Co.), U.S. 2,082,560, June 1, 1937; Cent. 1937, II 2077; C.A. 31. 5595 (1937). 
(13) Lock, Asinger, Monatah. 59, 157-160 (1932). 
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3:6640 o-CHLOROBBNZOYL CHLORIDE O C7H4OCI2 Bea.IX-336 


B.P. 


B.P. (corrf.) 



229-230® at 

773 mm. (1) 

114.5® 

at 19.76 mm. (15) 

235-238® 

(2) 

110® 

at 

15 mm. (8) 

228-236® at 760 mm. (3) 

108® 

at 

14.6 mm. (15) 

233® 

(4) 

105® 

at 12.76 mm. (IS) 

227® 

(11) 

104.8-105.2® 

at 

12.6 mm. (9) 

224r-224.5® 

(5) 

103.5® 

at 

12 mm. (15) 

224® 

(6) 

101.5® 

at 

11 mm. (15) 

137-139® at 

60 mm. (7) 

93-95® 

at 

10 mm. (7) 

122® at 26.6 mm. (15) 

87® 

at 

9 mm. (10) 



78.9-79.2® 

at 

2 mm. (36) 


[For prepn. of C from o-chlorobenzoic acid (3:4150) with PCIb (78% yield (11)) (2), 
with pels + ZnCl2 (78% yield (11)), with SOCI2 (yield: 90-98% (11), 87% (10)) (12) (13) 
(36), or with o-chlorobenzotrichloride (3 6880) + ZnCl2 (14) see mdic. refs.; from o-chloro- 
benzaldehyde (3:6410) with CI2 at 140-160® (70-72% yield) see (7); from toluene-o- 
Bulfonyl chloride with SOCI2 in s.t. at 240® (41% yield) see (4).J 

{For formn. of C (together with other products) from benzoyl chloride (3:6240) with 
CI2 -1- FeCls (14.t5% C) (15) (16), from o-hydroxybenzoic acid (salicylic acid) (1:0780) 
with PCI5 (17) (18) or with phosgene (3:5000) + pyridine in toluene at 60-80® (19); from 
sodium salicylate with PCls (18) (20); from o-sulfobenzoic acid dichloride by distn. at ord. 
press. (21) (8) (22) (3) see indie, refs.] 

[C with MeOH yields (1) methyl o-chlorobenzoate (3:6695) (for study of rate of reaction 
see (6)); C with EtOH yields (23) ethyl o-chlorobenzoate (3:6800) (for study of rate of 
reaction see (5)).] 

[C with Na o-chlorobcnzoate should yield o-chlorobenzoic acid anhydride, ndls. from 
It. pet. (25) or ale. (26), m.p. 79.6® (25), 78-79® (26); this anhydride also results from 0- 
chlorobenzoic acid with P2O6 in boilg. toluene (25) or with oxalyl dichloride (3:5060) in 
boUg. CeHe (26).] 

[C on cat. hydrogenation gives (70% yield (27)) (28) o-chlorobenzaldehyde (3:6410).] 
[For reactn. of C with AICI3 + benzene yielding (29) o-chlorobenzophenone (3:0715), 
with AlCls 4- o-chlorotoluene yielding (30) 2,3-dichloro-4-methylbenzophenone, with 
AlCU + p-dichlorobenzene yielding (31) 2,2',5'-trichlorobenzophenone, with AlCls + 
naphthalene 3rielding (32) a-naphthyl o-chlorophenyl ketone, or with anisole -f AICI3 
(1 : 7445) yielding (33) 2-chloro-4-methoxybenzophenone see indie, refs.] 

[For reactn. of C with perylenetetracarboxylic acid diimide (34) or with ammodibenzan- 
thrones (35) yielding vat dyes see indie, refs.] 

C on hydrolysis yields o-chlorobenzoic acid (3:4150), m.p. 141®; for the amide, anilide, 
p-toluidide, and other derive, corresp. to C see o-chlorobenzoic acid (3:4150). 

8:6640 (1) Montagne, Rec. trav. chim. 19, 55-56 (1900). (2) Emmerling, Ber. 8, 883 (1875). 
(3) Davies, Dick, J. Chem. Soc. 1938, 2044. (4) Poliak, Rudich, Monatsh. 43, 217-218 ^922). 
(5) Norris, Fasce, Staud, J. Am. Chem. Soc. 57, 1415-1420 (1935). (6) Norris, Young, J. Am. 
Chem. Soc. 57, 1420-1424 (1935). (7) Clarke, Taylor, Org. Syntheses, Coll. Vol. 1 (2nd ed.), 
155-156 (1941); (1st ed.), 148-149 (1932); 9, 34-35 (1929). (8) Fritsch, Ber. 29, 2299 (1896). 
(9) Kohlrausch, Pongratz, Stockmair, Monatsh. 67, 108 (1935). (10) Novello, Miriam, Sherwin, 
J. Bid. Chem. 67, 557,(1926). 
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(11) Clark, Bell, Tram. Ray. Soc. Can. (3) 27, III 97-103 (1933). (12) Frankland, Carter. 
Adams, J. Chem. Soc. 101, 2476 (1912). (13) Meyer, Monatah. 22, 427 (1901). (14) Scottish 

Dyes, Ltd., Bangham, Thomas, Brit. 308,231, April 18, -1929; Cent. 1929, II 1348; C.A. 24, 129 
(1930). (15) Hope, Riley, J. Chem. Soc. 121, 2510-2527 (1922). (16) Hope, Riley, J. Chem. 

Soc. 123, 2470-2480 (1923). (17) Chiozza, Ann. 83, 317-318 (1852). (18) Kolbe, Lautermann, 

Ann. 116, 183-187 (1860). (19) Soc. Chem. Ind. Basel, Brit. 401,643, Dec. 14, 1933; Cent. 1934, 

II 2133; French 732,078, Sept. 13, 1932; Cent. 1934, I 287. (20) Reichenbach, Beilstein, Ann. 
132, 311-313 (1864). 

(21) Remsen, Kohler. Am. Chem. J. 17, 332-333 (1895). (22) List, Stein, Ber. 31, 1653-1654 

(1898). (23) Kekul6, Ann. 117, 153-154 (1861). (24) Berger, Olivier, Rec. trav. chxm. 46, 
516-527 (1927). (25) Rule. Paterson, J. Chem. Soc. 125, 2161 (1924). (26) Adams, Wirth, 
French, J. Am. Chem. Soc. 40, 427 (1918). (27) Rosenmund, Zetsche, Ber. 54, 436-437 (1921). 
(28) Zetsche, Swiss 92,404, Jan. 2, 1922, CerU. 1922, IV 889. (29) Mayer, Freund, Ber. 55, 

2050-2051 (1922). (30) de Diesbach, Bulliard, Helv. Chim. Acta 7, 625 (1924). 

(31) Ganzmuller, J. jrrakt Chem. (2) 138, 311-312 (1933). (32) Scholl, Sier, Ber. 55, 113 (1922). 

(33) Jones, J. Chem. Soc. 1936, 1861. (34) Nawiasky (to B.A.S.F ), Ger. 411,594, April 2, 1926; 

Cent. 1926, I 2666. (35) B.A.S.F., French 598,752. Dec. 24, 1925; Cent. 1926, I 1889. (36) 

Thompson, Norris, J. Am. Chem. Soc. 68, 1956 (1936). 


2,3,4-TRICHLOROTOLUENE 


CtHbCIs 


Beil. V - 298 
Vi- 

V2-(232) 


B.P. 231-232® at 716 mm. 

See 3 : 0425. Divtsion A : Solids. 


2,3,6-TRICHLOROTOLUENE 


B.P. 229-231® at 767 mm. 

See 3 : 0610. Division A : Solids. 


M.P. 41® 



C7H6CI8 


BeU. V - 299 
Vi- 
Vr- 


2,4,6-TRICHLOROTOLUENE 



CzHtClj BeU. V - 299 
Vi-(152) 
V2-(232) 


B.P. 229-230® at 716 mm. M.P. 82® 

See 3 : 2100. Division A: Solids. 


- 1,1,2,3,4-PENTACHLOROBUTANE Cl 

(Solid diastereoisomer) 1 . 


C4H6CI6 


CH 2 — CH— CH—CH 

ii ii 


B.P. *30“ 


M.P. 49“ 


= 1.639 


BeU. S.N. 10 


1.6066 


See 3 : 0750. Division A: Solids. 



3:e64fr-3:6655 


DIVISION B, SECTION 1 


3 ; 6648 jS-CHLORO-Y-HYDROXV-n-PROPYL ACETATE CsH^OaCl 


(Glycerol jS-ohlorohydrin a-acetate, 
a-aceto-zS-chlorohydrin, 
/9-chlorotrimethylene glycol acetate) 


CH 2 OH 
H— <!>-a 

(!!Hs.O.CO.CH» 


BelLn- 143 
ni-( 67) 
1 I 2 — 


B.P. 330° (1) at 760 mm. (2) lAl - i-»S5 <3) 

330-234° at 750 mm. (3) 

113° at 12 mm. (3) 


[iSee also glycerol a^chlorohydrin a^~acetate (3 : 6775).] 

(For prepn. of C from glycerol /5-monochlorohydrin (3:9039) with AcaO (1:1015) see 
(3).] 

[For formn. of C from 3-hydroxy-l, 2-epoxypropane (glycidol) with AcCl (3:7065) 
(note that 7 -chloropropylene glycol /8-acetate (3:6517) is also formed) see (1); from glycerol 
a,a'-diacetate with PCU or S 2 CI 2 see (3); from allyl acetate by addn. of HOCl see (1).] 

Note that the homogeneity of all reported prepns. of C is probably open to serious ques- 
tion. 


3:6648 <l) Bigot. Ann. chim. (6) 33, 490-493 (1891). (2) Gibson. J. Soc. Chem. Ind. 56, 960 
(1931). (3) Wegscheider. ZmerzUkar. Monatsh. 34, 1071-1080 (1913). 


3 : 6666 ETHYLENE GLYCOL 6is- (^-CHLOROETHYL) CflHi202Cl2 BeU. S.N. 30 

ETHER CH 2 .O.CH 2 .CH 2 CI 

(/8(/8-Chloroethoxy)ethyl /8-chloroethyl ether; 1 
a,/8-6w-(/8-chloroethoxy)ethane*,_ CH 2 .O.CH 2 .CH 2 CI 

“ triglycol dichloride ”) 

B.P. 330^ at 760 mm. <1) 

336® (2) 

118® at 10 mm. <1) 

80-86® at 2 mm. {4) 

[For prepn. of C from “triethylene glycol” (1:6538) -|- SOG 2 (78.5% yield (4)) + 
dimethylaniline (2) or pyridine (4) see (2) (4); for prepn. from ethylene chlorohydrin 
(3:6552) -}- ethylene oxide (1:6105) see (1).] 

[For reactn. of C with phenols see (2) (3); with NaSCN see (5); for reactn. with metal 
polysulfides see (6).] 

[For solubility of dichlorofluoromethane (refrigerating liquid) in C see (4).] 

[For use in high-pressure lubrication see <1).] 

3:6656 (1) Cox (to Carbide and Carbon Chem. Corp.). U.S. 2,017,811, Oct. 15, 1935; French 
788,281, Oct. 7, 1935; Cent. 1936, 1 3063; C.A. 39, 8320 (1935). (2) Rohm, Haas, French 822,326, 
Dec. 28, 1937; Cent. 1938, 1 4384; C.A. 33, 4260-4251 (1938). (3) Rohm, Haas, French 824,887, 
Feb. 17, 1939; Cent. 1938, II 1861; C.A. 33, 6268 (1938). (4) Zellhoefer, Ind. Eng. Chem. 39, 
548-551 (1937). (5) Hollander, Williams (to R5hm, Haas Co.), U.S. 2,077,478, 2,077,479, 

Aprfi 20, 1937; Cent. 1937, II 1650; C.A. 31, 4046-4046 (1937). (6) Patrick, Trans. Faraday 
Soc. 33. 347-358 (1935). 


ml - 1.196 (4) 
= 1.197 (1) 



893 


LIQUIDS WITH Df > 1.16 


3:6670 


3:6670 METHYL m-CHLOROBENZOATE CsHTC^a 

OOCHs 


B.P. M.P. 

231® at 763.6 mm. <1) 21® (2) ni? * * 1.4923 <5) 

227® at 760 mm. <5> 20.0-20.6® (3) 

114® at 18 mm. <2) 

99.5-101.6® at 12 mm. <5) 

[For prepn. of C from wirchlorobenzoic acid (3:4392) with MeOH 4* HCl (2) or with 
MeOH 4 H2SO4 (2) (3) see indie, refs.; from wi-chlorobenzoyl chloride (3:6590) with 
MeOH see (1).] 

C on htg. with sirupy H8PO4 at 200® yields <4) ??i-chlorobenzoic acid (3:4392), chloro- 
benzene (3 : 7903), dimethyl ether, and CO2. 

C added to 5-6 pts. very cone. HNO3 at 0®, then poured onto ice, 3delds (1) methyl 
5-chloro-2-nitrobenzoate [Beil. IX-4011, cryst. from MeOH, m.p. 48.5® (1). 

[C with Na 4 methyl acetate condenses giving (65-70% yield (3)) methyl TWHshloro- 
benzoylacetate, b.p. 165-169® at 11 mm. (3); this prod, with excess phenylhydrazine in ale. 
4 AcOH yields 3-(m-chlorophenyl)-l-phenylpyrazolone-5, cryst. from ale., m.p. 144® <3); 
corresp. prod, from p-nitrophenylhydrazine, m.p. 189® (3).] 

C on hydrolysis (Sap. Eq. = 170.5) yields methyl alcohol (1:6120) and m-chlorobenzoic 
acid (3:4392). [For study of vel. of hydrol. with MeOH/KOH at 25® see (2).] — For the 
amide, anilide, p-toluidide, and other derivs. corresp. to C see wi-chlorobenzoic acid (3 : 4392). 

3:6670 (1) Montagne, Rec, trav, chim. 19 , 55-56, 58-61, 63-64 (1900). <2) Kellas, Z. physik. 
Chem. 24 , 243-262 (1897). (3) Wahl, Holland, Ann. chim. (10) 16 , 9-18 (1928). (4) Raikow, 

Tischkow, Chem. Ztg. 29 , 1269 (1905). (5) Kahovec, Wagner, Monatsh. 74 , 285 U943). 


2 , 6 -DICHLOROBENZALDEHYDE Cl C 7 H 4 OCI 2 Bea.Vn -237 

"ymo vni— 

^ a 

B.P. 831-a33* M.P. ST-SS* 

See 3 : 1 145. Division A : Solids. 



BeU. IX - 338 

IXi- 


3,5-DICHLOROPHENOL OH 


B.P. 233® at 767 mm. M.P. 68® 



C6H4OCI2 BeU. VI - 190 
VIi-(103) 
Vl2-(179) 


See 3 : 1670. Division A: Solids. 



3:6685-3:6695 


DIVISION B, SECTION 1 
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3:6685 

<(,(-l,3-DICHLORO-l-PHENYLETHANE CsHga, 



(a,^-Dichloroethylbenzene ; 

H 

Vi- 


styrene dichloride) 

1 

/ S— c— CH2 

([a ii 

V,.(*78) 

B.P. 



ni>® ° 1.5S44 (1) 

233-234® at 769 mm. (1) 

114.5-115.5® at 16 mm. <1) 

cl® = l.*40 <1) 


93® 

at 6 mm. (2) 




Limpid liq. with faint odor. 

(For prepn. of C from phenylethylene (styrene) (1:7435) with CI2 in CHCla at 0® (1) 
cf. <3) or in CCI4 at 40-50® (4) (note that some /8-chlorostyrene (3:8717) is also formed (4)) 
see indie, refs.; for formn. of C in reaction of styrene (1:7435) with NCI3 in CCI4 at —10® 

(5) or from ethylbenzene (1 : 7410) with CI2 in bright sunlight (6) see indie, refs.] 

[C with a mildly alkaline agent such as Na2C03, NaOAc, CaO, or CaCOs (but not alkali 
hydroxide) as directed (7) undergoes hydroljrsis of its a-chlorinc atom giving chloromethyl- 
phenyl-earbinol (styrene chlorohydrin) (3:9570).] 

[C passed over activated AI2O3 at 360-400® and 85-105 mm. pres. (4) or C with pyridine 
as directed (8) loses HCl giving (92% yield (4)) jS-chlorostyrene (3*8717).] 

[C with aq. ale. NaOH at 50-60° for 4 hrs. loses HCl (in the opposite sense from preceding 
paragraph) giving (89% yield <4)) a-chlorostyrene (3:8715).] 

8:6685 (1) Biltz, Ann. 296, 275-277 (1897). (2) Knorr (to I.G.), Gcr. 559,521, Sept. 21, 1932; 
Cent. 1933, I 1843; C.A. 27, 736 (1933): French 735,000, Oct. 31, 1932, Cent. 1933, I 1843; C.A. 
27, 1011 (1933). (3) Blyth, Hofmann, Ann. 53, 30^310 (1846). (4) Emerson, Agnew, J. Am. 

Chem. Soc. 67, 518-520 (1945). <5) Coleman, Campbell, J. Am. Chem. Soc 50, 2754-2755 (1928). 

(6) Evans, Mabbott, Turner, J. Chem Soc. 1927, 1163. (7) I G., French 735,108, Nov. 3, 1932; 

Cent. 1933, II 1093; C.A. 27, 1011 (1933). <8) I.G., French, 729,730, July 30, 1932; Cent. 1932, 
II 3016; C.A. 27, 307 (1933). 


3:6695 METHYL o-CHLOROB£NZOAT£ 


C8H7O2CI 


)>C(X)CH 3 


B.P. 234-235® at 762.4 mm. (1 ) 

233-236® J at 760 mm. (8) 

229^230® (2) 

119.5-120.5 at 24.4 mm. (3) 

119® at 19 mm. (4) 

111-113® at 14 mm. <8) 

113-115® at 11 mm. <5) 


BeU. IX - 336 

Ki- 


ng * 1.535 (8) 


(For prepn. of C from o-chlorobenzoic acid (3:4150) with MeOH + HCl (2) or MeOH+ 
H2SO4 (2) <5) or MeOH + BF3.Et20 (70.6% yield (4)) see indie, refs.; from o-chlorobenzoyl 
chloride (3:6640) with MeOH see {!).] 

C on htg. with sinipy H3PO4 at 200® ^elds (6) o-chlorobenzoic acid (3:4150), chloro- 
benzene (3:7903), dimethyl ether -f CO2. 

C added to 5-6 pts. very cone. HNO3 at 0®, poured onto ice, yields (1) mainly methyl 
2-chloro-5-nitrobenzoate (Beil. IX-403], ndls. from MeOH, m.p. 73® (1). 

(C with Na -f methyl acetate condenses giving (65-70% yield (5)) methyl o-chloro- 
benzoylacetate, b.p. 170-172® at 12 mm. <6); this prod, with excess phenylhydrazine in 
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ale. 4* AcOH gives on htg. 3-(o-chlorophenyl)-l-phenylpyrazolone-6, colorless ndls. from 
MeOH, m.p. 113-114® (5); corresp. prod, from p-nitrophenylhydrazine, m.p. 203-204® (5).] 
C on hydrolysis (Sap. Eq. = 170.5) yields methyl alcohol (1 : 6120) -f o-chlorobenzoic 
acid (3:4150). [For studies of hydrolysis under various cond. see <2) <3) (7).l — For the 
amide, anilide, p-toluidide, and other derive, corresp. to C see o-chlorobenzoic acid (3:4150). 

S:6695 (l) Moutagne, Rec. trav. chim. 19, 55-58. 63-64 (1900). (2) Kellas, Z. pkyaik. Chem. 24, 

243-252 (1897). (3) Bergmann, Hirshberg, J. Chem. Soc. 1936, 334-336. (4) Sowa, Nieuwland, 

J. Am. Chem. Soc. 68, 272 (1936). <5) Wahl, Roiland, Ann. chim. (10) 10, 9-13, 17-18 (1928). 

(6) Raikow, Tischkow, Chem. Ztg 29, 1269 (1905). (7) Jones, McCombie, Scarborough, J. 

Ch&m. Soc. 123, 2695-2697 (1923); 126, 2593-2594 (1924). (8) Kahovec, Wagner, MonaUh. 74, 

284 (1943). 


3:6697 

DIETHYL CHLOROMALEATE 

C 8 H 11 O 4 CI 

Beil, n - 753 



Cl— C— COOC zHb 



Hi- (305) 



H 

i — C — COOC 2 HB 



Il,-(646) 

B.P. 







236® 

at 760 mm., 

si. dec. ( 1 ) 

= 1.1014 

( 2 ) 



189.5-190.5® at 210 mm. 

< 1 ) 

DJ® = 1.174 




125.5° 

cor. at 19 mm. 

< 2 > 

<4) (5) 


= 1.456 (4) 

122 ® 

at 16 mm. 

<3) 




1.4549 (5) 

120 ® 

at 12 mm. 

<5) 

D,® = 1.1754 

<4> 

^He = 

= 1.46633 (4) 


[See also diethyl chlorofumarale (3:6864).] 


Colorless oil with pleasant odor. 

[For prepn. of C from chloromaleic anhydride (3 : 0280) in abs. EtOH with cone. H2S04 
in cold (4) or on refluxing several hrs. (6) or from silver salt of chloromaleic acid (3:3432) 
with EtI <1) (3) see indie. refs.J 

[C (1 mole) with ethyl sodioacetoacetate (1 mole) in abs. ale. refluxed hr. reacts 
readily yielding (3) (7) triethyl y-acetylaeonitate [Boil. III-860], yel. oil, b.p. 187-188® at 
15 mm. (3), the same prod, as similarly obtd. from diethyl clilorofumarate (3:6864).] 

[C with 6% ale. NH3 (2 moles) at ord. temp, for 5-6 days reacts to yield (6) diethyl 
iminosuccinate (diethyl aminobuten-2-dioato) [Beil. II 1-784], b.p. 144-145® at 25 mm. (6), 
identical with the prod, from similar treatment of the isomeric diethyl chlorofumarate 
(3:6864) q.v.] 

3:6697 (l) Perkin, J. Chem. Soc. 63, 708 (1888). (2) Walden, Swinne, Z. physik. Chem. 79, 

742 (1912). (3) Ruhemann, Taylor, J. Chem. Soc. 69, 532-535 (1896). (4) von Auwers, Harres, 

Ber. 62, 1681, 1686-1687 (1929). (5) von Auwers, Harres, Z. phyaik. Ch&m. A-143, 10 (1929). 

(6) Thomas-Mamert, Bull. soc. chim. (3) 13, 848-853 (1895). (7) Ruhemann, J. Chem. Soc. 71, 

323-324 (1897). 


3:6700 ^-CHLOROBENZAL (DI)CHLORIDE 
(p-Chlorobenzylidene dichloride) 


CyHsCU 
a< ^ ) >CHCi, 


BeU. V . 300 
Vi— 
V,-(332) 


B.P. 336* at 766 mm. (1) 

334° (2) 

137-133°^at 22 mm. (3) 
108° "at 10 mm. { 1 > 



a: 6700*^: 6710 


p-CHI,0R0BENZAL (DI)CHLORIDE 
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[For prepn. of C from jxshlorobenzaldehyde (3:0765) with PCls see (1) (4); from p- 
toluenesulfonyl chloride with SOCI 2 in s.t. at 140® for 18 hrs. (54% yield (3)) or with CI 2 
at 150-200® (accompanied by p-chlorobenzotrichloride (3:6825) (5)) see indie, refs.; for 
formn. of G (47% (6» from benzal dichloride (3:6327) with CI 2 in pres, of I 2 (6) (2) (ac- 
companied by 5-7% o- and 43% m-isomers (6)) see indie, refs.] 

[For use of G in prepn. of triphenylmethane dyes see (7).] 

C on refluxing with aq. for 20 hrs. (1) or on htg. with aq. in s.t. at 170® (2) yields p- 
chlorobenzaldehyde (3:0765). [For studies of this hydrolysis under various other condi- 
tions see <4) (!}.] 

G on oxidn. with CrOs (2), or C on refluxing with aq. for 20 hrs. followed by treatment 
.with cold cone. aq. KMn 04 (1), gives (85% yield <1)) p-chlorobenzoic acid (3:4940), 
m.p. 240® (1). 

[For behavior of G with McMgCl see (8).] 

S:6700 (1) Asinger, Lock, M<mat8h. 62, 336 (1933). (2) Beilstein, Kuhlberg, Ann. 146, 327-329 
(1868). (3) Poliak, Rudich, Monatah. 43, 215-216 (1922). (4) Olivier, Weber, Rec. trav. chim. 

68 , 881, 888 (1934). (5) Gilliard, Monnet, Cartier, Ger. 98,433, Dec. 12, 1896, Cent. 1898, II 800. 

(6) Wertyporoch, Ann. 493, 161-162 (1932). (7) Weiler, Wenk, Stotter, Ger. 540,209, Dec. 12, 

1931; Cent. 1982, 1 3013. (8) EUingboe, Fuson, J. Am. Chem. Soc. 55, 2964-2965 (1933). 

2,4-DICHLORO-3-METHYLPHENOL OH C 7 H 6 OCI 2 Beil. VI — 

1 VIi- 

Vl2-(356) 
Hs 

B.P. 236-236® at 746 mm. M.P. 68-69® 

See 3:1205. Division A: Solids. 

4,6-DICHLORO-3-METHYLPHENOL OH C 7 H 6 OCI 2 

iJh. 

B.P. 236-236® M.P. 71-72® 

See 3:1745. Division A: Solids. 

3:6710 m-CHLOROBENZAL (DI)CHLORIDE C 7 H 5 CIS Beil. S.N. 466 

(w-Chlorobenzylidene dichloride) 

B.P. 236-237® at 738 mm. (1) 

106® at 11 mm. (1) 

Colorless liq. with agreeable odor. 

[For prepn. of G from ?n-chlorobenzaldehyde (3:6475) with PCU (75% yield (1)) <2) 
see indie, refs.; for formn. of C from benzal dichloride (3:6327) with CI 2 in pres, of I 2 
(43% G together with 6-7% 0 - and 46% p-isomers) see (3).] 

C on refluxing 20 hrs. with aq. then treated in cold with cone. aq. KMnOi gives (70% 
yield (1)) Tii-chlorobenzoic acid (3:4392), m.p. 158° (1).] 

8:6719 (1) Asinger, Look, Monatsh. 62, 334-336 (1933). (2) Olivier, Weber, Rec, trav. chim. 63, 
882, 888 (1934). (3) Wertyporoch, Ann. 498, 161-162 (1932). 



Beil. VI — 
VIi- 
Vl2-(366) 
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3:672»-3:e73« 


<t,a,/S-TSICHLORO-R-BUTnUC ACID 


C4H,0sCa« 


H a 

CH»— (!;— <!j— COOH 


<!a ii 


Bell, n - 280 
ni-{i24) 
I^-(255) 


B.P. 236-238° M.P. 60° 

See 3:1280. Division A: Solids. 


3.6725 3,8,4,4,4-PENTACHLORO-2-METHYLBUTANE 

Cl Cl CHs 

CIC — dl — C — CHs 

ii ii i 

B.P. 235-240° (1) 

[For prepn. of C from diisoamyl sulfide [Beil. 1-405, Ii-(200), l2-(435)] by actn. of CI 2 
see <1),] 

C on htg. 7 hrs. at 110® in a s.t. with Ag20 and aq. yields (1) CO 2 -f isobutyric acid 
(1:1030) (asAgA). 

3:6725 (1) Spring, Lecrenier, BtM. soc. chim. (2) 48, 627-628 (1887). 


BeU. I - 136 


8,6-DICHLOROB£NZALD£HTDE C 7 H 40 a 2 Beil. S.N. 635 

Cl 



B.P. 335-340® at 748 mm. M.P. 65® 

See 3:1475. Division A: Solids. 


: 6735 ^-CHLOROACETOPHENONE 

CgH7oa 

BeU. Vn - 281 

(p-Chlorophenyl methyl ketone) 

Cl^ ^>— C— CH, 

di 

vni-(i5i) 

B.P. 


M.P. 


D?? - 1.188 (2) 

336.5® 

cor. at 740 mm. (1) 

30.5® 

(10) (11) (12) 

333® 

(2) <3) 

30-31® 

(5) (1) 


331-333® 

(4) (17) 

30® 

(2) 


134-136® 

at 24 mm. (5) 

19.8® 

(13) 


113® 

at 14 mm. (3) 

19® 

(14) 


108-111® 

at 18 mm. (6) 

17.6-17.8° (16) 


153® 

at 12 mm. (7) 




99® 

at 7 mm. (1) 




89.4^91® 

at 6 mm. (8) 





Insol. aq.; misc. ale. or ether. — C does not yield an addn. prod, with NaHSOs. 

[For prepn. of C from chlorobenzene (3:7903) with AC 2 O + Aids in CS 2 (yieldis: 83-79% 
(15), 73-74% (5), 68-66% (1)) (8) (9) or with acetyl chloride (3:7065) + AlClj in absence 



3:6735 


p-CHLOROACETOPHENONE 


of solvent (poor yield (2)) or in CS2 (yields: 80-90% (16), 81% (6), 41% (17)) see indie, 
refs.; from p-chlorobenzoylacetic acid on warming (18); from methyl p-chlorobenzoyl- 
acetate (4) on ketonic hydrolytic cleavage by boilg. 10-12 hrs. with 20% H2SO4 see (4).] 

[C in CS2 treated with 1 mole CI2 yields (19) p-chlorophenacyl chloride (3:2990), m.p. 
101®; C with 2 moles CI2 at 50-60° without solv. (19) yields 4, w, a)-trichloroacetophenone 
[Beil. VII-283], m.p. 57°. — C with 1 mole Br2 in CS2 or AcOH yields (17) (20) p-chloro- 
phenacyl bromide [Beil. VII-285], cryst. from ale., m.p. 96.5° (20), 96° (17) (for studies of 
rate of bromination see (13), of influence of light and other factors see (21)); C with excess 
Br2 directly (22), in AcOH (17), or in CCI4 susp. of CaCOs (22) yields 4-chloro-w,wKii- 
bromoacetophenone [Beil. VII-286], m.p. 93.5-94.5° (22), 92.5° (17).] [Note proximity of 
this m.p. to that (96°) of p-chlorophenacyl bromide (above).] 

[C on mononitration with mixt. of cone. HNO3 + cone. H2SO4 at —10° as directed (6) 
or added slowly to 10 pts. HNO3 {D = 1.5) at 0° (23) yields 4-chloro-3-nitroacetophenone, 
ndls. from ale., m.p. 104° (6), 99-101° (23) (accompanied in the former case (6) by a little 
4-chloro-3-nitrobenzoic acid, m.p. 181°).] 

C in alk. medium reachly condenses with aldehydes: e.g., C in dil. ale. with a little alk. 
gives (yields: 96% (24), 93% (25), 83% (7)) benzal p-chloroacetophenone (p-chloro- 
chalcone), cryst. from ether of CHCflg, m.p. 101° (24), 98.5° (7), 96.4° (12), 96° (25) (for 
study of rate of condensation see (12)); similarly C with salicylaldehyde (1:0205) yields 
(23) Balicylidene-7>-chloroacctophenone, yel. ndls. from ale., m.p. 151° (23); C with p- 
dimethylaminobenzaldehyde yields (26) p-dimethylaminobonzal-p-chloroacetophenone, 
yel. ndls. from ale., m.p. 140-140.5° (26); for corresp. condensation of C with p-chloro- 
benzaldehyde (3:0765) see (16), with o-nitrobenzaldehyde see (27) (28). 

[C also readily condenses with o.sters: e.g., C m abs. ale. + NaOEt treated with ethyl 
formate (1:3000) gives (28) hydroxymethylene-TMjhloroacetophenone, yel. ndls. from 
pet. eth., m.p. 48-49° (28); C with ethyl phenylacetate (1:3872) in ether with Na gives 
(40% yield (29)) a^(phenylacetyl)-p-chloroacetophenonc.] 

[C with pels at 100° for 4 hrs. gives (60% yield (30)) p,a-dichloro8tyrcne, b.p. 115-116° 
at 20 mm., m.p. —6 to —5°, = 1.247, Wjj = 1.5735 (30); C with selenium oxychloride 

(SeOCl2) gives (50% yield (31)) 6z5-(p-chlorophcnacyl)selenium dichloride, m.p. 126° (31); 
C with K pyrosulfato -f- a little cone. H2SO4 htd. at 80° for 4 hrs. (46% yield (32)) or C 
with 1% I2 htd. 4 hrs. at 170° (32) gives l,3,5-^m-(p-chlorophenyl)benzcne, white ndls. 
from AcOEt, m.p. 238° (32); for behavior of C with NOCl see (33) (14), with NaOEt -\- 
amyl nitrite in ale. see (34) (35).] 

[C htd. as directed with excess NH4 formate and the intermediate formyl deriv. hydrolyzed 
with HCl gives (yields: 82% (36), 65% (37)) d,^-a-(p-chlorophenyl)ethylamine, b.p. 105° 
at 10 mm., Dio - 1.1178, ni> = 1.5420 (hydrochloride, m.p. 192-193°, N-benzoyl deriv., 
m.p. 144-145° (36)).] 

[C on htg. with 10% aq. NaOH + Cu at 190° for 5 hrs. under press, yields (38) p-hydroxy- 
acetophenone (1 : 1527), m.p. 109°; C with cone. aq. NH4OH in pres, of CU2O htd. 5 hrs. 
at 220° under press. 3delds (39) p-aminoacetophenone [Beil. XIV-46, XIVi-(366)]; C on 
htg. with 50% KOH as directed (40) gives small yield of p-chlorobenzoic acid .(3:4940); 
C with ale. NaOEt htd. in s.t. at 130°-140° gives (41) p-chlorophenyl-methyl-carbinol, p- 
chlorobenzoic acid, and other prods.] 

C on oxidn. with KMn04 (2) or in MeOH soln. with NaOH + CI2 (93% yield (42)) or 
with CrOa + H2SO4 (95% yield (43)) or by cat. vapor-phase oxidn. (90% yield (44)) 
gives p-chlorobenzoic acid (3:4940), m.p. 242°. [Note that C in abs. ale. refluxed with 
Se02 gives (45) p-chlorophenylglyoxal, m.p. 122° (for study of rate see (46)).] 

(0 ^-Chloroacetophenone oxime: ndls. from ale., m.p. 95° (17). [This prod, with cone. 
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H 2 SO 4 htd. at 100 ® rearranges to acet-p-chloroanilide [Beil. XII-611, XIIi-(306)], 
m.p. 172-173® <17).] 

^-Chloroacetophenone phenylhydrazone: m.p. 114° (17), 112-113° <48) (decomposes 
on stdg. 2 days <17) (4).) 

® ^-Chloroacetophenone ^-nitrophenylhydrazone: maroon cryst. from AcOH, m.p. 
239® (4). 

® p-Chloroacetophenone 2,4-dimtrophenylhydrazone : scarlet cryst., m.p. 231° cor. (47). 
® p-Chloroacetophenone semicarbazone: white cryst. from 40% AcOH, m.p. 200-201® 
(4). 

3:6735 (l) Noller, Adams, J. Am. Chem. Soc. 46, 1893 (1924). (2) Gautier, Ann. chim. (6) 14, 
372-375 (1888). (3) Kahovec. Wagner, Proc. Indvan Acad. Sci. A-8, 326 (1938). (4) Wahl, 

Rolland, Ann. chtm. (10) 10, 27-31, 34-35 (1928). (5) Adams, Noller, Org. Syntheses, Coll. 

Vol. 1 (2nd ed ), 111 (1941); (1st ed.), 105 (1932), 5, 19 (1925) (6) Mayer. Stark, Schon, Ber. 

65, 1334 (1932). (7) Bergmann, Hampson, J. Chem. Soc. 19^, 991. (8) Groggins, U.S., 

I, 991,743. Feb. 19, 1935; Cent. 1936, I 883; C.A. 29, 2175 (1935). (9) Groggins, U.S. 2,008,418, 

July 16, 1935, Cent. 19^, I 1500; C.A. 29, 5856 (1935). (lO) Hassel, Naeshagen, Z. physik. 
Chem. B-15, 419 (1932). 

(11) Evans, Morgan, Watson, J. Chem. Soc. 1935, 1172. (12) Coombs, Evans, J. Chem. Soc. 

1940, 1295. (13) Nathan, Watson, J. Chem. Soc. 1933, 220. (14) Edkins, Linnell, Quart. J. 

Pharm. Pharmacol. 9, 75 109 (1936), Cent. 1937, I 4779. C A 30, 6349 (1936). (15) Groggins, 

Nagel, Ind. Eng. Chem. 26, 1316 (1934). (16) Straus, Ackerinann, Ber. 42, 1812 (1909). (17) 

Collet, BuU. soc. chim. (3) 21, 68-70 (1899). (18) Throp, Bninskill, J. Am. Chem. Soc. 37, 1262 

(1915). (19) Ref. 2, pp. 395-396, 402. (20) Judefind, Reid, J. Am. Chem. Soc. 42, 1044-1045 

(1920). 

(21) Sampey, Hicks, J. Am. Chem. Soc 63, 1098-1101 (1941). (22) Fisher, J. Am Chem. Soc. 

55, 4695 (1933). (23) C. G. LeFevre, R. J. W. LeFfevre, J. Chem. Soc. 1932, 1989-1992. (24) 

Dilthey, J. prakt. Chem (2) 101, 199 (1920). (26) Allen, Frame, Can J. Research 6, 605-613 

(1932), Cent. 1932, II 3880, C.A 26, 5086 (1932). (26) Pfeiffer, Klou, Ber. 66, 1706 (1933). 

(27) Tanasescu, Baciu, Bull. soc. chim. (5) 4, 1748-1749; 1677 1678 (1937). (28) Benary, Ber. 

61, 2253 (1928). (29) Kohler, Smith, J.Am.Chem. Soc 44, 630 (1922). (30) Vaughn, Nieuwland, 

J. Am. Chem. Soc. 56, 1208 (1934). 

(31) Nelson, Jones, J. Am. Chem. Soc. 52, 1589 (1930). (32) Bernhauer, J. prakt. Chem. (2) 

145, 305 (1936). (33) Rheinboldt, Schmitz-Dumont, Ann. 444, 129 (1925). (34) Avogadro, 

Gazz. chim. ital. 53, 704-705 (1923). (35) Porsche, Ber. 62, 1365 (1929). (36) Ingersoll, Brown, 

Kim, Beauchamp, Jennings, J. Am. Chem. Soc. 58, 1810 (1936). (37) Ingcr.soll, Org. Syntheses, 

Coll. Vol. 2 (1st ed.), 505 (1943) , 17, 78 (1937). (38) Britton (to Dow Chem. Co.), U.S. 1,961,630, 

April 10, 1934; Cent. 1934, II 1845; C.A. 28, 4744 (1934). (39) Britton, Bryner (to Dow Chem. 

Co ) U S. 1,946,058; Feb. 6, 1934, Cent. 1934, I 3396; C.A. 28, 2364 (1934). (40) Lock, Bock, 

Ber. 70, 921 (1937). 

(41) Gastaldi, Cherchi, Gazz. chim. ital. 45, II 271-273 (1915). (42) von Arendonk, Cupery, 

J. Am. Chem. Soc. 53, 3184-3186 (1931). (43) Newton, Groggins, Ind. E?ig Chem. 27, 1397 

(1935). (44) Stubbs, Sensemann, Ind. Eng. Chem. 28, 559-660 (1936). (45) Karrer, Musante, 

Helv. Chim. Acta 18, 1141-1142 (1935). (46) Mel’nikov, Rokitskaya, /. Gen. Chem. (U.S.S.R.) 

10, 1439-1441 (1940); C.A. 35, 2400 (1941). (47) Allen, Richmond, J. Org. Chem. 2, 224 (1938). 

(48) Crowther, Mann, Purdi5, J. Chem. Soc. 19^, 67. 

3:6750 ETHYL ^-CHLOROBENZOATE C 9 H 9 O 2 CI Beil. IX - 340 

Cl/ y^OOCjH, IXi-(140) 

B.P. ^ ' 

238° (1) Di*® = 1.1873 ( 8 ) nj) = 1.52700 ( 8 ) 

237.4-238.0° <2> 

142® at 60 mm. (3) 

121-122° at 16 mm. (4) 

122® at 16 mm. (5) 

120 . 1 - 120 . 2 ® at 16 mm. ( 2 ) 

118® at 16 mm. ( 6 ) 

118® at 14 mm. (7) 



3:6750-3:6770 


ETHYL p^HLOROBENZOATE 


900 


[For prepn. of C from p-chlorobenzoic acid (3:4940) with EtOH + H2SO4 see (1) (3); 
from 2>chlorobenzoyl chloride (3 : 6550) with abs. EtOH see (2).] 

C in ale. soln. on htg. with hydrazine hydrate yields <9) (10) p>chlorobenzhydrazide, 
white ndls. from ale., m.p. 162-163® (10). [This prod, with BzH yields benzal p-chloro- 
benzhydrazide, ndls. from 95% ale., m.p. 227-229® (10).] [For use of p>chlorobenzhydrazide 
as reagt. for identification of aldehydes and ketones see (10).] 

[C (1.5 moles) with NaOEt (0.3 mole) at 160-180® for 1 hr. gives (75% yield (15)) di- 
(p-chlorobenzoyl) methane, cryst. from MeOH, m.p. 158-159® (15).] 

C on hydrolysis (Sap. Eq. = 184.5) yields ethyl alcohol (1:6130) + p-chlorobenzoic 
acid (3:4940). [For studies of hydrolysis of C under various conditions see (7) (6) (11) 
(4) (12) (5) (13) (14).] For the amide, anilide, p-toluidide, and other derivs. corresp. to 
C see p-chlorobenzoic acid (3:4940). 

3:0750 (1) van Raalte, Rec, trav. chim. 18, 398 (1899). (2) Kohlrausch, Stockmalr, Monatah, 

66, 325 (1935). (3) Bergmann, Engel, Z. physik. Chem. B-15, 95 (1932). (4) Kindler, Ann. 
436, 16 (1926). (5) Timm, Hinsholwood. J. Chem. Soc. 1038, 866-869. (6) Cashmore, Mc- 
Combie, Scarborough, J. Chem. Soc. 121, 243-253 (1922). (7) McCombie, Scarborough, J. 

Chem. Soc. 107, 159 (1915). (8) von Auwers, Ann. 422, 166 (1921). (9) Kahl, Cent. 1904, II 

1493. (10) Shih, Sah, Science Repta. Natl. Taing-Hua Univ. A-2, 353-357 (1934); Cent. 1036, 
I 56-67; C.A. 29, 466 (1935). 

(11) McCombie, Scarborough, Settle, J. Chem. Soc. 121, 2308-2318 (1922). (12) Blakey, 

McCombie, Scarborough, J. Chem. Soc. 1926, 2867. (13) Westheimer, J. Am. Chem. Soc. 62, 
1893 (1940). (14) Price, Westheimer, J. Chem. Phya. 11, 150-153 (1943). (15) McElvain, 
Weber, J. Am. Chem. Soc. 63, 2196 (1941). 

o-XYLYLENE (DI)CHLORIDE 


B.P. 236-241® M.P. 65® 

See 3 : 1040. Ditneion A : Solids. 

3:6770 ETHYL m-CHLOROBENZOATE C 9 H 9 O 2 CI 


B.P. 

[846* <1)1 = 1.1859(7) 

239.3-841.7* (2) 

130.0-130.5° at 80-21 mm. (3) 

124® at 21.6 mm. (4) 

121® at 20 mm. (5) 

114.6-116.2® at 15 mm. (2) 

110 ® at 13 mm. ( 6 ) 

[For prepn. of C from m-chlorobenzoic acid (3:4392) with EtOH + H2S04 (1) or with 
5% EtOH/HCl (90% yield (8)) see indie, refs.; from m-chlorobenzoyl chloride (3:6590) 
with EtOH see (1) (2).] 

[C on electrolytic reductn. in alc./H2S04 soln. yields (9) m-chlorobenzyl ethyl ether 
[Bed. VI-444], b.p. 219® (9).] 

C on refluxing with hydrazine hydrate gives (97% yield (8)) m-chlorobenzhydrazide, 
ndls. from aq. or ale., m.p. 168® (8), 167-158® (10). [This prod, in aq. soln. on htg. with 
BzH + a few drops AcOH 3rields benzal-m-chlorobenzhydrazide, flocks from ale., m.p. 118® 



Beil. IX - 337 
lXi-(139) 

nj? * = 1.52233 (7) 


CsHgClz Beil. V - 364 
HaCl V2-(283) 
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(8) (10).] [For study of prepn. and use of m-cblorobenzhydrazide as reagt. for identification 
of aldehydes and ketones see (10).] 

C on hydrolysis (Sap. Eq. = 184.5) yiel^ ethyl alcohol (1:6130) + m-chlorobenzoic 
acid (3:4392). [For studies of hydrol. of C under various cond. see <6) (11) (5).] — For 
the amide, anilide, 7>~toluidide, and other derive, corresp. to C see mKihlorobenzoic acid 
(3:4392). 

8:6770 (1) Limpricht, von Ualar, Ann. 102, 262 (1857). (2) Kohlrausch, Stockmair, MvMUh. 

66, 324 (1935). (3) Kindler, Ann. 450, 17 (1926). (4) Curtius, Melsbach, J. prakt. Chem. (2) 

81, 536 (1910). (5) Evans, Gordon, Watson, J. Chem. Soc. 1987, 1430-1432. (6) McCombie, 

Scarborough, J. Chem. Soc. 107, 159 (1915). (7) von Auwers, Ann. 422, 166 (1921). (8) Curtius, 

Foerster, J. prakt. Chem. (2) 64. 326-328 (1901). (9) Mettler, Ber. 87, 3693 (1904). (10) Sah, 

Wu, Science Repta. NaU. Taing-Hua Univ. A-3, 443-449 (1936); Cent. 1986, II 2130; C.A. 30, 
8148 (1936). 

(11) Blakey, McCombie, Scarborough, J. Chem. Soc. 1926, 2867. 

3:6776 7-CHLORO./3-HYDROXY-n.PROPYL ACETATE C5H9O3CI Beil. H - 142 
(Glycerol a-chlorohydrin CH2CI ni-( 67) 

a'-acetate; 7-aceto-«-chlorohydrin; I II2 — 

7-chloropropylene glycol a-acetate) V 

CH2O.CO.CH8 

B.P. 240® (1) (2) at 760 mm. (3) 

120-121® at 14 mm. (4) 

[5ec also glycerol a-chlorohydrin ^-acetate (3:6517).] 

[For prepn. of C from epichlorohydrin (3:5358) with AcOH in s.t. at 180® for 24 hrs. 
(1) (2) or in pres, of anhydr. FeCb at room temp. (4) cf. (5); note, however, that the isomeric 
glycerol a-chlorohydrin /5-acetate (3:6517) is also formed.] 

Note that the homogeneity of all reported prepns.of C is probably open to serious question. 

8:6775 (1) Reboul, Ann. Suppl. 1, 232 (1861). (2) Bigot, Ann. chim. (6) 22, 491 (1891). (3) 

Gibson, J. Soc. Chem. Ind. 50, 950 (1931). (4) Knoevenagel, Ann. 402, 136-138 (1914). (5) 

Delaby, Dubois, BuU. aoc. chim. (4) 47, 573 (1930). 


3:6780 /3-HYDROXYETHYL CHLOROACETATE C4H7O8CI Beil. S.N. 160 



(Ethylene glycol mono-(chloroacetate)) CH2.CO.O.CH2.CH2 



61 

OH 

B.P. 


= 1.330 (2) 


240® 

dec. at 760 mm. (1) 

.. 1.4585 (1) 

86® 

at 1.6 mm. (2) 

1.324 (2) 

1.46090 <2) 

86® 

at 0.16 mm. (1) 


84® 

at 0.95 mm. (2) 


1.46049 (2) 

83® 

at 0.08 mm. (1) 




Colorless odorless liq. — Miscible with aq. [dif. from ethylene glycol 6i«-(chloroacetate) 
(3:0720)1. 

[For prepn. of C from ethylene oxide (1:6105) with chloroacetic acid (3:1370) in dry 
ether at 0® for 4 days (1) or at 50® for 6 days (2) see indie, refs.; from mono-sodium deriv. 
of ethylene glycol (1:6465) (1) or from ethylene glycol directly with chloroacetyl chloride 
(3:5235) in dry ether (1) or dioxane (2) see indie, refs.] 

C on stdg. in ord. glass gradually disproportionates into ethylene ^ycol (1:6105) and 
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ethylene glycol 6w-(chloroacetate) (3:0720) (1); this disproportionation may also occur 
during reactions of C and thus lead to numerous by-prods, (see below). 

[C with diazomethane gives (19% yield (1)) /8-methoxyethyl chloroacetate (3:9285) 
accompanied by methyl chloroacetate (3:5585) and ethylene glycol 6 m- ( chloroacetate) 
(3:0720).] 

C on long stdg. with aq. is slowly hydrolyzed into ethylene glycol (1:6465) and chloro- 
acetic acid (3:1370) (2). 

8:6780 (1) Allen, Hibbert, J. Am. Chem. Soc. 56, 1398-1399 (1934). (2) Meerwein, Sonke, 

J. prakt. Chem. (2) 137, 316-319 (1933). 


3:6790 DI- (^-CHLOROETHYL) CARBONATE CsHgOaCh 

(/3,i8'-Dichloroethyl CI.CH 2 CH 2 CX 


Beil, m — 
mi— 

ras-(6) 


B.P. M.P. 

840-241° <1) +8.5° (1) = 1.3506 (1) ng* = 1.4610 (1) 

115° at 8 mm. (1) 


Colorless odorless liq. — Insol. in boil. aq. and not decomposed thereby. — Volatile 
with steam (1). — Requires solid CO 2 -h ether for solidification. 

[For prepn. from /9-chloroethyl chloroformate (3:5780) -f ethylene chlorohydrin (3:5552) 
(70% yield) see <!).] 

Hydrolyzes, but very slowly, even with warm alk. (1). 

[For use as industrial solvent see (2) (3).] 

3:6790 (1) Nekrassow, Komissarow, J. prakt. Chem. (2) 123, 164 (1929). (2) I.G., French 
785,705, Aug. 17, 1935; Cent. 1936, I 1134. (3) I.G., Brit. 257,258, Aug. 11, 1926; Cent. 1927, 
I 820. 


3:6795 3,4-DICHLOROBENZYL CHLORIDE 


C7H6CI3 


C\<^ ^CHzCl 


B.P. 241** <1) 


Beil. V - 300 

Vi~ 

V 2 - 


[For prepn. of C from 3,4-dichlorotoluene (3:6355) at b.p. or from benzyl chloride 
(3:8535) in pres, of I 2 on treatment with CI 2 see (1).] 

C on oxidn. with CrOg yields (2) 3,4-dichlorobenzoic acid (3:4925) q.v. 


3:6795 (l) Beilstoin, Kuhlberg, Ann. 146, 326-327 (1868). <2) Beilstein, Kuhlberg, Ann. 152, 

224-226 (1869). 


2,6-DICHL0R0.3-METHYLPHEN0L OH C 7 H 6 OCI 2 

ci/Nci 




IH3 


B.P. 341® 


M.P. 37® 


Beil. VI 
VIi— 
Vl2-(366) 


See 3:0150. Division A: Solids. 
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3 : 6797 d-MBTHOXYBENZOYL CHLORIDE C 8 H 7 O 2 CI BeU. X - 140 

(m^Anisoyl chloride) / \ C=0 — 

CHab ^ 

B,P. 943.7-244.r at 760 mm. (1) 

242-343** at 733 mm. (2)<3) 

148° at 24 mm. (4) 

122- 123° at 16 mm. (5) 

123- 125° at 16 mm. ( 6 ) 

123° at 11mm. (1) 

110 .8-111.0° at 8.6 mm. (7) 

81.5-82.0° at 1mm. ( 8 ) 

(For prepn. of C from ?n-methoxybenzoic acid (1:0703) with PCls (2) or with SOCla 
(yields: 92% <6), 86% (4), 78% (5)) (1) <7) see indie, refs.] 

[Although 2-methoxybenzoyl chloride (3:6870) with anhydrous NaaCOa + pyridine 
gives the corresp. anhydride, this reactn. is not specifically recorded for C; however, 3- 
methoxybenzoic acid anhydride, cryst. from pet. eth., m.p. 66.6° (9), has been reported 
from 3-methoxybenzoic acid (1:0703) with P2O5 (9).] 

[C with CcHe + AICI3 (2) (said to be unsatisfactory because of autocondensation of C 
to anthracene derivs. (3)) or better with CeHjZnBr (62% yield (6)) yields 3-methoxybenzo- 
phenone (1:5141), m.p. 37° <6) <2), b.p. 342-343° at 730 mm. (2), 192° at 14 mm. (6). — 
C with anisole (1 :7445) + AICI3 in CS2 (3) or in tetracliloroethane (5) gives (yields: 100% 

(5) , 35% (3)) 3,4-dimethoxybenzophenone, pr. from ale., m.p. 58-59° (5), 55° (3).] 

(C with ethyl sodioacetoacetate gives (61% yield (4) (10) ethyl ?ii-methoxybenzoylaceto- 
acetate; C with methyl sodio-a-ethylacetoacetate gives (10) methyl a“ethyl-a-(m-methoxy- 
benzoyl)acetoacetatej C with ethyl sodio-aj-y-dimethoxyacetoacetate gives (11) ethyl 
a,7-dimethoxy-<*-(?n-methoxybenzoyl)acetoacetate (for ketonic cleavage of these subst. 
acetoacetates see indie, refs.).] 

[For reactn. of C with 1,4-diaminoanthraquinone in prepn. of vat dyes see (12) (13).] 

[C with MeOH yields methyl m-methoxybenzoate (1:4111), b.p. 252°; C with EtOH 
yields ethyl 7n-methoxybenzoate (1:4131), b.p. 260° (for study of rate of reactn. of C 
with EtOH at 0° see (14) (8)).] 

C on hydrolysis yields m-methoxybenzoic acid (1:0703), m.p. 109-110°. 

3:6797 (1) Kahovec, Kohlrausch, Z. physik. Chem. B>38, 136 (1938). (2) Ullmann, Goldberg, 

Ber. 35, 2813-2814 (1902). (3) Lea, Ilobinaon, J. Chem. Soc. 1926, 2354-2355. (4) Robinson, 

Rose, J. Chem. Soc. 1933, 1472. (5) Blicke, Weinkauff, J. Am. Chem. Soc. 54, 1449 (1932). 

(6) Martynoff, Ann. chim. (11) 7, 437-438 (1937). (7) Thompson, Norris, J Am. Chem. Soc. 

58, 1956 (1936). (8) Norris, Young, J. Am. Chem. Soc. 57, 1424 (1936). (9) Rule, Patterson, 

J. Chem. Soc. 125, 2161-2162. (10) Furukawa, Sci. Papers Inst. Phys. Chem. Reseurch {Tokyo) 

24, 320-324 (1934); Cent. 1935, I 1071. 

(11) Pratt, Robinson, J. Chem. Soc. 127, 1185 (1925). (12) I.G., Swiss 136,249, Jan. 16, 1930; 

Cera. 1930, II 3462. (13) B.A.S.F., French 604,347, May 3, 1926; Cent. 1926, II 2358. (14) 

Norris, Fasce, Stand, J. Am. Chem. Soc. 57, 1415 -1420 (1935). 


^-XYLYLENE DICHLORIDE ^^ CH2C1 CgHgCL 


BeU. V - 384 
Vi-(186) 
V2-(300) 


B.P. 240-345° dec. M.P. 100 * 

See 3 : 2825. DvoisUm A: Solids. 



8:6800 


DIVISION B, SECTION 1 


904 


3 : 6800 ETHYL o-CHLOROBENZOATE CgHQOaa 

)>C00C2H6 

Cl 


BeU. IX - 336 
IXi- 


B.P. 842.8-244.0* 
243° 

242° 

238-242° 

130° 

124.8-125.1* 

122.5° 


< 1 ) 

(2) (3) 
(4) 

<5) 

at 20 mm. <6) 
at 20 mm. <1) 
at 15 mm. (7} (8) 


= 1.1942 (9) = 1.52470 <9) 


[For prepn. of C from o-chlorobenzoic acid (3:4150) with EtOH 4- HCl see (2); from 
o-cUorobenzoyl chloride (3:6640) with abs. EtOH see (5) (I).] 

[C on electrolytic rcductn. in alc./H 2 S 04 soln. yields (10) mainly o-chlorobenzyl ethyl 
ether [Beil. VI-444; Vli-(222)], b.p. 212° (10), together with a little o-chlorobenzyl ale. 
[Bed. VI-444; VIi-(222)l, ndls. from dil. ale., m.p. 72° (10).] 

[C with CcHsMgBr in ether as directed (11) 3 delds a, a'-Zw5-(o-chlorophenyl )-«,«' -diphenyl- 
ethylene glycol («ym.-2,2'-dichlorobenzpinacol) [Beil. VIi-(623)].] 

C in ale. on refluxing with hydrazine hydrate yields (14) (15) o-chlorobenzhydrazide, 
white ndls. from ale., m.p. 117-118° (15), 109-110° (14). [This prod, with BzH yields 
benzal-o-chlorobenzhydrazide, white ndls. from 95% ale., m.p. 162° (15).] [For use of 
o-chlorobenzhydrazide as reagt. for identification of aldehydes and ketones see (15).] 

C on hydrolysis (Sap. Eq. « 184.5) yields ethyl alcohol (1:6130) + o-chlorobenzoic 
acid (3:4150). [For studies of hydrolysis of C under various conditions see (7) (8) (12) 
(13) (3) (6).] — For the amide, anilide, p-toluidide, and other dcrivs. corresp. to C see 
o-chlorobenzoic acid (3:4150). 


8:6800 (l) Kohlrausch, Stockmair, Monatsh. 66, 324 (1935). (2) Glutz, Ann. 143, 196 (1867). 
(3) Kindler, Ann. 464, 287 (1928). (4) Vavon, Barbier, Thiebaut, BuU. 80 c. chim. (6) 1, 813 

(1934). (5) Kekul6, Ann. 117, 153-154 (1861). (6) Evans, Gordon, Watson, J. Chem. Soc. 

1987, 1430-1432. (7) McCombie, Scarborough, J. Chem. Soc. 107, 159 (1915). (8) Cashmore, 

McCombie, Scarborough, J. Chem. Soc. 121, 249 (1922). (9) von Auwers, Ann. 422, 166 (1921). 

(10) Mettler, Ber. 87, 3696 (1904). 

(11) Hatt, J. Chem. Soc. 1929, 1628. (12) McCombie, Scarborough, Settle, J. Chem. Soc. 121, 

2314 (1922). (13) Blakey, McCombie, Scarborough, J. Chem. Soc. 1926, 2867. (14) Kalb, 

Gross, Ber. 59, 732 (1926). (15) Sun, Sah, Science Repts. Nail. Tsing Hna Univ. A-2, 359-363 

(1934); Cent. 1935, I 57; C.A. 29, 466 (1935). 


1,2,4,5-TETRACHLOROBENZENE 


B.P. 243-246° cor. M.P. 141° 

See 3 : 41 15. Division A : Solids. 

1,2,3,6-TETRACHLOROBENZENE 


B.P. 246° cor. M.P. 51° 

See 3:0915. Division A : Solids. 


Cl C 6 H 2 CI 4 



Cl C 6 H 2 CI 4 



Beil. V - 205 
Vi-(113) 
V2-(157) 


BeU. V - 204 
Vi-(113) 
V2-(157) 
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3:6815 m-CHLOROACBTOPHBNONE CaHrOa 


(m-Chlorophenyl 
methyl ketone) 



— C — CHi 

A 


B.P. 241-245^ at 744 mm. <1) 2>2 1.2130 (2) 

227-229*’ (2> 

127-131° at 30 mm. (3) 

113° at 11 mm. (4) 


Befl. S.N. 639 


Colorless liq. with aromatic odor. — Volatile with steam. 

[For prepn. of C from ?w-chlorophenyl-phenyl-carbinol (2) by oxidn. with CrOa/AcOH 
(90% yield) see (2); from m-aminoacetophenone [Beil. XIV-45, XIVi-(365)] via diazotiza- 
tion and use of CU2CI2 reactn. (45% jrield (4)) see (4) (3); from methyl m-chlorobenzoyl- 
acetate (2) by hydrolysis with 20% H2SO4 for 12 hrs. (65% yield) see (2).] 

[For study of rate of reactn. with Br2 see (4).] 

C on htg. with 50% KOH as directed (1) gives 14% yield m-chlorobenzoic acid (3:4392). 


(© m-Chloroacetophenone oxime: cryst. from AcOH, m.p. 88° (2) (1). 

m-Chloroacetophenone ^-nitrophenylhydrazone: maroon cryst. from AcOH, m.p. 
175-176° (2). (The phenylhydrazone of C is unstable (2).) 

(© m-Chloroacetophenone semicarbazone: cryst. from ale., m.p. 232° (3). 

3:6815 (1) Lock, Bock.Ber. 76 , 920-921 (1937). (2) Wahl, Rolland, Ann. chim. (10) 10 , 29-30 
(1928). (3) Edkins, Linnell, Quart. J. Pharm. Pharmacol. 9 75-109; Cent. 1937, 1 4780; C.A. 80 , 

6349 (1936). (4) Evans, Morgan, Watson, J. Chem. Soc. 1935 , 1172. 


3 : 6825 p-CHLOROB£NZOTRICHLORID£ C 7 H 4 CI 4 

Cl<^ ^CCls 

B.P. 245° (1) 

99-100° at 4.9 mm. (2) 


BeU. V - 303 
Vx- 
V2- 


[For prepn. of C from p-hydroxybenzoic acid (1:0840) (3) (or the ^hydroxybenzid ” 
[Beil. X-154] obtd. from it by htg. (4)) with PCls see indie, refs.; from p-toluenesulfonyl 
chloride [Beil. XI-103, XIi-(26)l with CI2 at 150-200° see (5); from p-chlorotoluene (3:8287) 
with CI2 at high temp, in u.v. light see (2); for formn. of C (together with other products) 
from benzotrichloride (3:6540) with CI2 under various circumstances see (1) (6) (7); for 
purification of C see (8).] 

[For use of C with NaOAc in prepn. of acetic anhydride see <9); for use of C htd. with 
p-chlorobenzoic acid (3 :4940) 4- ZnCb + FeCU in prepn. of p-chlorobenzoyl chloride 
(3:6550) see (10); for use of C with dichloroacetic acid (3:6208) + H2SO4 in prepn. of a 
mixt. of p-chlorobenzoyl chloride (3:6550) and dichloroacetyl chloride (3:5290) see (11).] 
[For condens. of C with l-hydroxynaphthoic acid-2 [Beil. X-331, Xi-(144)] in prepn. of 
dyestuff intermediates see (12); for react, of C with a-naphthol (1 : 1500) to yield 1-hydroxy- 
4-(p-chlorobenzoyl)naphthalene see (13).] 

[C htd. with 99% HF (14) (15) or with 2SbF3.NH4HF2 at 150-160° (16) gives (86% yield 
(14)) p-chlorobenzotrifluoride, b.p. 137-138° (15).] 

C on hydrolysis, e.g., by htg. with aq. in s.t. at 200° (1), yields p-chlorobenzoic acid 
(3:4940) q.v. 


8:6825 (1) Beilstein, Kuhlberg, Ann. 150 , 295-296 (1869). (2) Maryott, Hobbs, Gross, J. 
Am. Chem. Soc. 62 , 2321 (1940). (3) Anschtttz, Moore, Ann. 239 , 346-348 (1887). (4) Klepl, 
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J, prakL Chem, (2) 28 , 204r-206 (1883). (6) Gilliard, Monnet, Cartier, Ger. 98.433, Dec. 12, 

1896; Cent. 1808 , II 800. <6) Spreckels, Ber. 62 , 319 (1919). (7) Wertyporoch, Ann. 493 , 

167-161 (1932). (8) Britton (to Dow Chem. Co.), U.S. 1,804,458, May 12, 1931; CetU. 1931 , 

II 497; C.A. 25 , 3668 (1931). {9) Dr. A. Wacker Ges. fur Elektrochem. Ind., Kaufler, Hormann, 

Brit. 165,747, June 30, 1921; Cent. 1922 , II 1218. (10) Scottish Dyes, Ltd., Bangham, Thomas, 

Brit. 308,231, April 18, 1929; Cent. 1929 , II 1348. 

(11) Mills (to Dow Chem. Co.), U.S. 1,966,556, July 3, 1934; Cent. 1934 , II 2899; C.A. 28 , 
5474 (1934). (12) Soc. Chem. Ind. Basel, Ger. 355.116, June 21, 1922; Swiss 92,406, Feb. 16, 
1923; Cent. 1923 , II 484. (13) Soc. Chem. Ind. Basel, Ger. 418,033, Aug. 26, .1925; Cent. 1925 , 
II 2096. (14) Osswald. MuUer, Steinhauser (to I.G.), Ger. 675,593, May 22, 1933; Cent. 1933 , 
II 609. (15) I.G.. French 745,293, May 8. 1933; CeiU. 1933 , II 2061. (16) I.G., French 809,301, 

March 1, 1937; Cerd. 1937 , 1 4863; C.A. 31 , 6675 (1937). 


3 : 6836 «,a)-DICHLORO ACETOPHENONE C8H6OCI2 BeU. VH - 282 

^-CO.CHCb vni-{168) 


B.P. 





M.P. 


246° 

at ' 

760 

mm. 

(1) 

20-21.5° 

(7) 

247-248° 

dec. 


(2) 

19° 

(2) 

249° 




(3) 

Not frozen at • 

-10° (1) 

143° 

at 

26 

mm. 

(2) 



142-144° 

at 

26 

mm. 

(11) 



138-140° 

at 

13 

mm. 

(5) 



132-134° 

at 

13 

mm. 

(11) 



131-132° 

at 

11 

mm. 

(6) 



128-129° 

at 

14 

mm. 

(4) 



121-122° 

at 

10 

mm. 

(1) 




Lachrymatory oil. 

[For prepn. from acetophenone (1:5515) by actn. of CI2 (100% yield (4) (8)) in AcOH 
(80-94% yield (11)) see (4) (2) (11) or of sulfuryl chloride see (1); from phenylacetylene 
(1:7425) by actn. of HOCl (7), CHsOCl ( 6 ), or C 2 H 5 OCI (5) see (7) ( 6 ) (5); from CeHg 4- 
dichloroacetyl chloride (3 : 5290) ( 2 ) or dichloroacetonitrile (4) -f- AlCls see (2) (4).] 

C is almost unchanged by boiling with aq. (2). — C on shaking with 20 pts. 2 N aq. 
NaOH dissolves in 1-2 min.; after boiling under reflux for a few min. and acidifying, ex- 
traction with ether gives in 95% yield (8) 85-90% yield (11) d,f-mandelic ac. (1:0465), 
cryst. from CHCI3 -1- pet. eth., m.p. 118.5® (8). 

C on oxidn. with alk. KMn04 yields (1) (2) (3) (5) (6) benzoic ac. (1:0715), m.p. 121°. 
[C on treatment with NaOH -|- NaOCl in the cold yields benzoic ac. (1 :0715) and chloro- 
form in proportions depending upon conditions (9).] [Note that d,^-mandelic ac. (see 
above) may also be formed owing to actn. of alk. upon C cf. (9).] 

C on nitration yields ?/i-nitro-co,«-dichloroacetophenone, m.p. 57-58° (10). 

C in ale. treated with excess alk. NH2OH for 7-10 hrs. yields (6) phenylglyoxaldioxime 
[Beil. VII-672], cryst. from CHCI3, m.p. 168° (6). [The product, m.p. 150-152°, so obtd. 
by (5) may have been a mixt. of the high-melting stereoisomer, m.p. 180°, with the low- 
melting stereoisomer, m.p. 168°.] 

3:6835 (l) Durrans, J. Chem. Soc. 121 , 46 (1922). (2) Gautier, Ann. chim. (6) 14 , 345-347, 
385-387 (1888). (3) B5hal, BvU. eoc. chim. (2) 59 , 634 (1888). (4) Houben, Fischer, Ber. 64 , 
2647-2648 (1931). (6) Goldschmidt, Endres, Dirsch, Ber. 58 , 575-676 (1925). (6) Jackson, 

J. Am. Chem. Soc. 56 , 977-978 (1934). (7) Wittorf, J. Ruse. Phya.-Chem. Soc. 32 , 88-117 (1900) ; 

Ceni. 1999 , II 30. (8) Houben, Fischer, Ber. 64 , 2644-2646 (1931). (9) Aston, Newkirk, Dorsky, 

Jenkins, J. Am. Chem. Soc. 64 , 1413-1416 (1942). (10) Rabcewics-Zubkowsi, Roezniki Chem. 

9 , 632-637 (1929); C.A. 24 , 92 (1930). 

( 11 ) Aston, Newkirk, Jenkins, Dorsky, Org. Syntheses 23, 48-51 (1943). 
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3:6840 


3:6840 3-CHLOROPROPANEDIOL-l, 2 DIACETATE C 7 H 11 O 4 CI BeU. H - 142 

( 7 -Chloropropylene glycol diacetate, CH 2 CI Hi- (67) 

glycerol oe-monochlorohydrin I II 2 — 

diacetate, ** a-monochlorohydrin ** diacetate) 

CH 2 OOCCH 8 

B.P. 

245** at 740 mm. (1) nr 1.199 (5) 

145-150^ at 40 mm. (2) 

142-149° at 40 mm. (3) 

116° at 12 mm. (4) 

116-118° at 11 mm. (10) 

115-117° at 10 mm. (5) 

113-114° at 9 mm. (6) 

102-105° at 6 mm. (7) 

96.5-97° at 0.4-0.6 mm. (7) 

90-91° at 0.8 mm. (8) 

[For prepn. of C from glycerol a-monochlorohydrin (3:9038) with AC 2 O (1:1015) (75% 
yield (6)) cf. (9) in pres, of a trace of H 2 SO 4 (100% yield (4)) see indie, refs.; from epi- 
chlorohydrin (3:5358) with AC 2 O (1:1015) at 180° (1) (5) or in pres, of anhydrous FeCls 
at ord. temp. (10) see indie, refs.; from 3-hydroxy-l, 2-epoxypropane (glycidol) with large 
excess AcCl (3:7065) on htg. as directed (69% yield (7)) or from glyceryl-glycidol with 
AcCl (3:7065) at 60° for 2 hrs. (37% yield (8)) sec indie, refs.] 

[For prepn. of C from glycerol (1:6540) with AcOH + HCl see (11); from glyceryl 
a,«'-diacetate with AC 2 O -f HCl see (3); from glyceryl triacetate (triacetin) in dry ether 
at 0° with HCl gas (2) (3) cf. (4) see indie, refs.] 

[C in MeOH contg. 1% HCl at 60° for 6 hrs. gives (80% yield (8)) 3’Chloropropanediol- 
1,2 (glycerol a-monochlorohydrin) (3:9038).] 

3:6840 (l) Truchot, CompL rend. 61, 1170 (1865); Ann. 138, 299 (1866). (2) de la Acena, Compl. 

rend. 139, 868 (1904). (3) Seelig, Ber. 24, 3469-3471 (1891). (4) Wegseheider, Zmeralikar, 

Monatsh. 34, 1068-1071 (1913). (5) Gibson, J. Soc. Chem. Ind. 60, 949-954 (1931). (6) Nivifere. 

Compt. rend. 166, 1777 (1913); BuU. soc. chim. (4) 16, 82-83 (1914). (7) Rider, J. Am. Chem. 
Soc. 64, 775 (1932). (8) Sjoberg, Svensk Kern. Tid. 63, 454-457 (1941); Cent. 1942, II 25; C.A. 

37, 4363 (1943). (9) Abderhalden, Eichwald, Ber. 47, 1859 (1914). (10) Knoevenagel, Ann. 

402, 135-136 (1914). 

(11) Berthelot, de Luca, Ann. chim." (,3) 62, 461 (1858).) 


3,4,6-TRICHLOROTOLXJENE CH 3 CtHbCIs Beh. V - 299 



B.P. 245.5-247° at 768 mm. M.P. 44.5-45.5° 


1.4386 (6) 
= 1.4407 <8) 


See 3 : 0580. Division A : Solids. 
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2,4,6-TIUCHLOROPHENOL OH CeHsOCls 


B.P. 344-348^ at 746 mm. M.P. 67-68° 

’ See 3 : 1620. Division A : Solids. 

1,1,1,2,2,3,3-HEPTACHLOROPROPANE C 3 HCI 7 

Cl Cl Cl 

ci(!/ — d/ — (!)h 

ii ii 

B.P. 247-»48° si. dec. M.P. 89-30° = 1.8043 

See 3 : 0200. Division A : Solids. 



Beil. VI— 
VIi- 
Vl2-(180) 


Beil. I - 108 

11- ( 35) 

12- ( 73) 


3,4-DICHLOROBENZALDEHYDE C 7 H 4 OCI 2 Beil. VH - 238 

Cl<^ yjHO vni-(134) 


B.P. 847-248° M.P. 43-44° 

See 3 : 0550. Division A : Solids. 


3:6845 m-CHLOROBENZOTRICHLORID£ 



C 7 H 4 CI 4 


B.P. 247-250° (1) 


Beil. V -303 
Vi- 
V 2 - 


[For prepn. from m-hydroxybenzoic acid (1:0825) (1) or from m-eulfobenzoic acid 
[Beil. XI-3M, XIi-(98)] <2) with PCls sec indie, refs.; for studies on formn. of C from 
benzotrichloride (3:6540) with CI 2 see (3) (4); for purification of C see <5).] 

[For condens. of C with 1-hydroxynaphthoic acid-2 [Beil. X-331, XIi-(144)] in prepn. 
of dyestuff intermediates see (6).} 

C on hydrolysis presumably yields 7n-chlorobenzoic acid (3:4392) q.v. 

3:6845 (l) Anschutz, Moore, Ann. 239, 342 (1887). <2) KEmmerer, Carius, Ann. 131, 158 
(1864). (3) Wert 3 T)oroch, Ann. 493, 157-161 (1932). (4) Spreckels, Ber. 52, 319 (1919). 
(5) Britton (to Dow Chem. Co.), U.S .1,804,458, May 12, 1931; Cent. 1931, II 497; C.A. 25, 3668 
(1931). (6) Soc. Chem. lud. Basel, Ger. 355,115, June 21, 1922; Swiss, 92,406, Feb. 16, 1923; 

Cent. 1923, II 484. 


3 : 6860 l,l,l,2,3,3,3.HEPTACHLOROPROPANE C 3 HCI 7 
(«ym.-Heptachloropropane) Cl H Cl 

cii— i— ia 

<!31 

B.P. M.P. 

849° (1) H-ll.«° (1) = 1.7921 (1) 

165° at 90 mm. (1> 

186-138° at 80 mm. (2) 


Beil. I — 

Ii-(35) 


» 1.5487 (1) 
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3 : 6060 - 0:0864 


Oil with disagreeable odor. 

[For prepn. from trichloroethylene (3:5170) -f- CCI4 + AlCls (49% yield (2)) by stdg. 
48 hrs. at 20-30‘» (2> see (2) <1).J 

C dislvd. in CCI4 and heated at 60-70® with Aids evolves Hd and gives (83% yield (3)) 
hexachloropropene (3:6370). 

C in ale. on titration with alk. gives (3) an apparent Neut. Eq. of 286.5 by loss of 1 Hd 
and formation of hexachloropropene (3:6370). 

3:6860 (1) Prins, J. prakt. Chem. (2) 89 , 417 (1914). (2) Henne, Ladd, J. Am. Chem. 80 c. 66 , 

2494-2495 (1938). {3) Prins, Rec. irav. chim. S4i, 251 (1935). 


3:6864 

DIETHYL CHLOROFUMARATE 

C8Hii04d 

BeU. n - 745 






Cl— C— COOCjHs 


ni-(308) 





CjHbOOC— C-H 


n,-(040) 

B.P. 










260® 


at 760 mm., si. dec. 

u> 


= 1.19617 (7) 

= 1.4598 

(7) 

243-246® u.c. at 736 mm. 

(10) 






802-803° 

at 210 mm. 

(1) 


= 1.188 (8) 

II 

= 1.4671 

(8) 

136.6® 

cor. 

at 

19 mm. 

(2) 


1.187 (8) 


1.4664 

(8) 

135-136° 

at 

17 mm. 

(8) 


1.183 (4) 




187° 


at 

10 mm. 

(3) 






119° 


at 

12 mm. 

(4) 

^18 3 

= 1.1890 (8> 

_18 3 

00 

II 

(8) 

117° 


at 

7 mm. 

(5) 






108‘ 


at 

16 mm. 

(6) 

Dl** 

= 1.1903 (8) 


= 1.46723 

(8) 







= 1.1888 (4) 


= 1.46970 

(4) 


[See also diethyl chloromaleate (3:6697).] 

Colorless liq. with irritating actn. on skin and whose vapor strongly attacks the eyes. — 
Insol. cold aq., eas. sol. ale., ether; volatile with steam. 

[For prepn. of C from chlorofumaric acid (3:4853) in abs. EtOH with Hd gas <1) or 
cone. H2SO4 (4) see indie, refs.; from chlorofumaryl (di)chloride (3:6105) with EtOH see 
(10) (1) (9) (3).] 

[For formn. of C from diethyl d-tartrate (1:4256) with PCU see (11) (note that ethyl 
hydrogen chlorofumarate, cryst. from pet. ether, m.p. 52-53®, has also been obtd. (12) as 
one of the prods, of this reactn.); from diethyl d,/ (?)-«, a-dichlorosuccinate by loss of Hd 
under actn. of dimethylaniline see (6).] 

[C (1 mole) with diethyl sodio-malonate (1 mole) is said (13) to yield tetraethyl cyclo- 
propane-1, 1,2,3-tetracarboxylate [Beil. IX-991] although no details are given; in the 
presence of excess NaOEt in cold ale. for 12 hrs., however, the same components give 
(15-20% yield (14)) (15) triethyl 7-carbethoxyaconitate [Beil. 11-876], b.p. 205-207° at 
16 mm. (14); for reactn. of C (1 mole) with diethyl mono- and di-substituted malonates 
yielding triethyl corresp. subst. aconitates see (13). — C (1 mole) with ethyl sodioaceto- 
acetate (1 mole) in abs. ale. refluxed for K hr. gives (72% yield (3)) (16) triethyl 7-acetyl- 
aconitate [Beil. III-860], yel. oil, b.p. 187-188® at 15 mm. (3), the same as similarly obtd. 
(3) from diethyl chloromaleate (3:6697).] 

[C with o-chlorophenol (3:5980) or its Na deriv. in boilg. xylene for 2 hrs. gives_ (77% 
yield (17)) diethyl o-chlorophenoxyfumarate, b.p. 203-204° at 14 mm. (17). — C with 
p-chlorophenol (3:0475) -f- NaOEt gives (17) diethyl p-chlorophenoxyfumarate, b.p. 
199-200® at 12 mm. (17).] 
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The reactn. of C with NHs under various circumstances is disputed and confused and 
cannot profitably be discussed here; for refs, see Beil. 11-745. 

C (1 mole) with hydrazine hydrate (2 moles) directly (18) or in ale. or AcOH (9) yields 
ethyl pyrazolone-6 (or 3)-carboxylate-3 (or 5) [Beil. XXV-206, XXVi-(567)], ndls. from 
boilg. aq., m.p. 184-185® (18); 178° (9); note that in the direct treatment with just 2 moles 
of hydrazine hydrate much heat is evolved and the product ppts. on cooling; if excess 
base is employed (in which the prod, is soluble) neutralization with acid is necessary. 

(C with phenylhydrazine reacts much more slowly; however, after several hrs. at 100° 
phenylhydrazine HCl ppts. leaving an oil from which a cryst. prod. spar. sol. in boilg. 
AcOH but sepg. from it in colorless ndls., m.p. 272° dec., can be obtd. (18); this prod, is 
n<rf, however, the ethyl l-phenylpyrazolone-5(or 3)-carboxylate-3(or 5) which might be 
expected, but is regarded [Beil. XXVI-578] (18) as a 4,4'-5is derivative of it. 

C on boilg. with 1 : 1 HCl and subsequent evapn. to dryness undergoes hydrolysis 3 rielding 
(4) chlorofumaric acid (3:4853), m.p. 191.5° (4). 

3:6864 (1) Perkin, J. Chem. Soc. 53, 700-703 (1888). (2) Walden, Swinne, Z. physik. Chem. 79, 

742 (1912). (3) Ruhemann, Tyler, J. Chem. Soc. 69, 532-535 (1896). (4) von Auwers, Harres, 

Ber, 62, 1679, 1685-1687 (1929). (5) Darzens, Sejourne, Compt. rend. 164, 1617 (1912). (6) 

von Auwers, Harres, Z. physik. Chem. A-143, 10 (1929). (7) (]rladstone, J. Chem. Soc. 59,293 

(1891). (8) von Auwers, Schmidt, Ber. 46, 481 (1913). (9) Ruggli, Hartmann, Helv. Chim. 

Acta 3, 513 (1920). (10) Claus, Ann. 191. 80-93 (1878). 

(11) Henry, Ann. 166, 178^179 (1870). (12) Patterson, Todd, J. Chem. Soc. 1929, 1768-1770. 

(13) Ruhemann, J. Chem. Soc 81, 1212-1214 (1902). (14) Desai, J. Chem. Soc. 1932, 1089-1090. 

(15) Bland, Thorpe, Proc. Chem. Soc. 28, 131 (1912). (16) Ruhemann, J. Chem. Soc. 71, 323- 

324 (1897). (17) Ruhemann, Ber. 64, 916-918 (1921). (18) Ruhemann. /. Chem. Soc. 69, 

1394r-1397 (1896). 


2,3,6-TRICHLOROPHENOL OH CeHsOCU 

B.P. 252-353° u.c, M.P. 58° 

See 3 : 1160. Division A: Solids. 



Beil. VI - 190 
VIi- 
Vl2-(180) 


8,4-DICHLOROPHENOL OH 



Beil. VI - 190 
VIi-(103) 
Vl2-(179) 


B.P. 253.5° at 767 mm. M.P, 65° 

See 3 : 1460. Division A : Solids. 


1,2^,4-TETRACHLOROBENZENE 


CeHaCU 


Beil. V - 204 
Vi- 

V2-(166) 


6.P. 264° cor. at 761 mm. M.P. 45-46* 
See 3 : 0655. Division A : Solids. 
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3:6870 2-METHOXYBENZOYL CHLORIDE Cl CsHtOsCI Bea.X.85 

(o-Anisoyl chloride; > Xi-(43) 

salicyloyl chloride methyl ether) X x 

OCHa 


254° U.C. 

at 760 mm. 

{!) 

133° 

at 

19 mm. 

{2) 

145° cor. 

at 

17 mm. 

{3) 

136° 

at 

12 mm. 

{4) 

128° 

at 

11 mm. 

(5) 

128.8-129.0° 

at 

8 mm. 

{6) 

119.6° 

at 

1 mm. 

{7) 

105-106° 

at 

1 mm. 

{8) 


Colorless liquid. 

[For prepn. of C from o-methoxybenzoic acid (o-anisic acid) (1:0685) with PCls (1) <4) 
(9) {10) {11) (every trace of salicylic acid must first be removed {9)) or with SOCI2 {2) {3) 
{4) {5) {6) {7) {12) (prolonged heating tends to demethylatc product {4)) see indie, refs.; 
note that for none of the prepns. is the yield recorded.] 

[C on cat. reductn. at 280° with H2 at ord. press, m pres, of Pd gives {11), not the ex- 
pected o-methoxybenzaldehyde, but instead o-methoxy toluene (methyl o-tolyl ether) 
(1 :J480).] 

C with anhydrous Na'iCOa in pyridine shaken for ^2 hr., poured onto ice, yields {13) 
o-methoxybenzoic acid anhydride, ndls. from pot. ether, m.p. 72.4° {13). 

[C with CeHe + AICI3 gives {14) {9) {2) {12) o-hydroxybenzophenone (1:1414) (note 
demethylation of intermediate o-methoxybenzophenone (1:5142) and also the formn. in 
small amt. {12) of 2-h>droxy-5-(2'-hydroxybenzoyl)bcnzophenone, m.p. 131-132° {12)).l 

[C with Et2Zn gives (87% yield {3)) ethyl 2-methoxyphenyl ketone [Beil. VllI-102], 
b.p. 137° cor. at 16 mm. {3).] 

[For reaction of C with ethyl sodio-acetoacetate {5), with ethyl sodio-a-methylacetoacetate 
{15), with ethyl sodio-a-allylacetoacotate {16), or with ethyl sodio-a,7-dimethoxyaceto- 
acetate {17) (together with hydrolytic cleavage of the resulting products to ketones and/or 
acids) see indie, refs.; for reactn. of C with Na phenylacetylene and ring closure of inter- 
mediate to corresp. 2-methoxyflavonc sec {18).] 

[C (1 mole) with HCN (4 moles) in dry ether 4* pyridine gives {4) o-methoxybenzoyl 
cyanide, yel. ndls. from Igr., m.p. 56°, b.p. 161° at 12 mm. {4).] 

[C with urea refluxed in CeHe for 15 hrs. gives {19) iV-(o-mcthoxybenzoyl)urea, ndls. 
from hot aq. or toluene, m.p. 192° {19).] 

[C with methyl salicylate gives {20) methyl 0-(2-methoxybenzoyl)salicylate, m.p. 102- 
104° {20); C with salicylamide in pyridine gives {21) iV-(2-methoxybenzoyl)salicylamide, 
m.p_. 189° {21).] 

[C with MeOH yields methyl o-methoxybenzoatc (1:4091), b.p. 248°; C with EtOH 
yields ethyl o-methoxybenzoate (1 :4151), b.p. 261°; for study of rate of reactn. of C with 
Eton at 0° see f22) {8).] 

C on hydrolysis yields o-methoxybenzoic acid (1:0685), m.p. 100-101°; for the amide, 
anilide, and other derivs. corresp. to C see o-methoxybenzoic acid (1:0685). 

8:6870 {1) Pinnow, Miiller, Ber. 88, 158 (1895). {2) Stau^dinger, Ron, Ann. 384, 99 (1911). 
{3) Fischer, Slimmer, Ber. 36, 2585-2586 (1903). {4) Marsh, Stephen, J. Chem. Soc. 127, 1635 

(1925). {5) von Auwers, Ber. 52, 126-127 (1919). {6) Kahovec, Kohlrausch, Z. physik. Chem. 

B-38, 136 (1938). {7) Thompson, Norris, J. Am. Chem. Soc. 58, 1956 (1936). {8) Norris, Young. 

J. Am. Chem. Soc. 57, 1424 (1935). {9) Ullmann. Goldberg, Ber. 85, 2811-2812 (1902). {10) 

Cohen, Dudley, J. Chem. Soc. 07, 1739 (1910). 
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(11) Frdschl, Danoff, J. prakt. Chem. (2) 144, 224 (1936). (12) Blicke, Weinkauff, J. Am, Chem, 
Soc, 54, 1448 (1932). (13) Rule, Patterson, J. Chem. Soc. 125, 2161 (1924). (14) Graebe, 

Ullmann, Ber. 1^, 824-825 (1896). (15) Robertson, Sandrock, Hendry, J. Chem. Soc. 1931, 24281 

(16) Helferich, Keiner, Ber. 57, 1617-1618 (1924). (17) Pratt, Robinson, /. Chem. Soc. 127, 

1184-1185 (1925). (18) Simonis, Z. angew Chem. 39, 1462 (1926). (19) Kaufmann, Arch. 

Pharm. 265, 236 (1927). (20) Lewicka, Bull. acad. sci. Cracovie, 1927-A; Cent. 1928, I 190; 

C.A. 22, 4515 (1928). 

(21) Anschutz et al., Ann. 442, 33 (1925). (22) Norris, Fasoe, Stand, J. Am, Chem Soc. 57, 
1415-1420 (1935). 


m-XYLYLENE DICHLORIDE 

B.P. 250-255° M.P. 34° 

3:0310. Division A: Solids. 

2-CHLORONAPHTHALENE 

B.P. 256° M.P. 60° 

See 3 : 1285. Division A: Solids. 


SCHzCl CsHgClg 


5H2CI 


Beil. V - 373 
Vi~ 
V2-(291) 



C 10 H 7 CI 


1.178) (ng^ « 


Beil. V - 541 
Vi-(262) 
V2-(445) 

1.631) 


3:6874 


«,cu,«-TRICHLOROACETOPHENONE CsHbOCIs 
(P henyl trichloromethyl ketone) ^ ^ C CCI 3 


A 


B.P. ase-as?” (i) i)L® =• 1.436 (2) 

249° <2) 

145° at 26 mm. (2) 

120-121° at 16 mm. (3) 

128-132° at 14 mm. (4) 

125° at 14 mm. (5) 


Beil. Vn - 283 
VIIi-(152) 


Colorless liq. with agreeable odor. — C has no lachrymatory or hypnotic props. 

[For prepn. of C from acetophenone (1:6516) with CI 2 at 100-200° in sunlight see (2); 
from phenyl-trichloromethyl-carbinol by oxidn. with CrOa ( 6 ) or K 2 Cr 207 4- H 2 SO 4 (72% 
yield (4)) see indie, refs.; from w-dichloroacetophenone (3:6835) in AcOH -f NaOAc 
with CI 2 at 96-100° (79% yield (7)) cf. ( 2 ) see indie, refs.; from trichloroacetyl chloride 
(3:5420) with CeHe + AICI 3 (47% yield (1)) (5) ( 2 ) or from trichloroacetonitrile with 
CeHs + AlCla + HCl gas (70% yield (3)) see indie, refs.] 

(For study of behavior of C with CI 2 or Br 2 see ( 8 ).] 

C with 3 pts. fumg. HNOa gives (96% yield ( 8 )) w-nitro-w,eu,w-trichloroacetophenone, 
yel. oil, b.p. 200-201° at 26 mm., 192-193° at 18 mm. ( 8 ); this prod, with aq. alk. splits 
smoothly and quant, to m-nitrobenzoic acid, m.p. 137-141° ( 8 ). 

[C with alcohols in pres, of corresp. Na alcoholate gives high yields (9) ( 10 ) of corresp. 
benzoates; e.g., C with MeOH -h NaOMe gives (92-94% yield (9)) methyl benzoate 
(1:3586), C with EtOH -f EtONa gives (85% yidd (9)) ethyl benzoate (1:3721) (for 
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corresp. results with isopropyl ale. <9), benzyl ale. (9), linalool (1:6260) (9), menthol 
(1:6940) <9) (10), ethylene glyeol (9), ^ycerol (9), and cetyl ale. (1:5945) (10) see indie, 
refs.); C with phenols in pres, of KOAc gives corresp. benzoates; e.g., C with phenol -h 
KOAc gives (80% yield (10)) phenyl benzoate (1:2257), m.p. 70*; C with o-cresol + KOAc 
^ves (80% yield (10)) o-tolyl benzdate (1:4371); C with p-cresol + KOAc gives (90% 
yield (10)) p-tolyl benzoate (1:2279), m.p. 71*.J 
C with boilg. aq. is scarcely affected (2), but C refluxed 16 hrs. with 10 pts. aq. contg. 
a little KOAc, or C in acetone contg. a little aq. KOAc refluxed 4 hrs., gives (90-96% yield 
(10» benzoic acid (1:0715), m.p. 121*. 

C with cold dil. alk. (3) (7) (5) readily splits yielding benzoic acid (1:0715) and chloro- 
form (3:5060). 

3:6874 (1) BUtz, J. prakt. Chem. (2) 142 , 196-197 (1935). (2) Gautier, Ann. chim. (6) 14 , 

396-402 (1888). (3) Houbeii, Fischer, J. prakt. Chem. (2) 123 , 318-319 (1929). (4) Florence, 

BvU. soc. chim. (4) 49 , 926-927 (1931). (5) Staudinger, Kon, Ann. 384 , 112 (1911). (6) Dines* 

mann, Compt. rend. 141 , 202 (1905). (7) Aston, Newkirk, Dorsky, Jenkins, J. Am. Chem. Soc. 

64 , 1415 (1942). (8) Houben, Fischer, Ber. 64 . 2651-2653 (1931). (9) Houben, Fischer, Ber. 

64 , 244-247 (1931). (10) Houben, Fischer. Ber. 64 , 2639-2645 (1931). 


3:6876 3,4-DICHLOROBENZAL (Dl)CHLORlDE C 7 H 4 CI 4 

CHCI 2 

B.P. 367* {1» lUl = 1.518 (1) 

Oil, sol. ale., ether, CeHe, or AcOH. 

[For prepn. of C from 3,4-dichlorotoluene (3:6355) at its b.p. with CI 2 (1) (5) or with 
dry CI 2 in pres, of 2-3% PCI 5 (2); no yields or details are given, and no further record of 
prepn. of C is made.] 

C on hydrolysis with aq. in s.t. at 220* (3) (4), or with 4 wt. pts. of a mixt. of equal parts 
fumg. H 2 SO 4 ( 10 % SOs) + cone. H 2 SO 4 at 30-40* (yields: 66% (4), 36% (5)) cf. (6), or 
with 98% H 2 SO 4 (no yield stated ( 2 )), or with aq. -f- CaCOa on refluxing 9 hrs. (40% yield 
(5)) gives 3,4-dichlorobenzaldehyde (3:0550) q.v. 

6 on oxidn. (5) with chromic acid (1) slowly yields 3,4-dichlorobenzoic acid (3:4925) 
q.v. 

3:6876 (1) Beilstein, Kuhlberg, Ann. 160, 291-296 (1869). (2) Ruggli, Zaeslin, Lang, Helv. 

Chim. Acta 21, 1248 (1938); Erdmann, Ann. 272, 149-150 (1892). (3) Beilstein, Kuhlberg, 

Ann. 162, 228-229 (1869). (4) Erdmann, Schweehten, Ann. 260, 67, 72 (1890). (5) Kraay, 

Rec. trav. chim. 49, 1086 (1930). (6) B.A.S.F., Ger. 32,238, March 28, 1884; Ber. 18 (Referate), 

470 (1885). 


Beil. V - 303 
Vi- 
Vir- 


CINNAMOYL CHLORIDE C 9 H 7 OCI 

^)>-CH=CH— C=0 


BeU. DC - 587 
DCi-(333) 


B.P. 357.5* at 760 nun. M.P. 35-36* 


!»:*•* « 1.1617 


ng-* = 1.61364 


See 3:0330. Dwisum A: Solids. 
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3:6878 1-CHLORONAPHTHALENE Cl C10H7CI Beil. V - 541 

Vi-(363) 

V2-(444) 


B.P. 




F.P. 




[363° 



(1)1 

-8.3° (9) 


1.193 (6) 


[359-263° 



(2)1 

-3.5° (6) 




359.4-360.3° 

at 760 mm. 

(3) 

-4° (12) 

= 1.1006 (7) 


359.3° 

at 760 mm. 

(4) (5) 



nD = 


358.8° 

at 763 mm. 

(6) 



1.63184 (7) 

358° cor. 



(7) 


II 



355.5-356.0° 



(8) 


1.19383 (4) 


355.6° cor. 

at 762 mm. 

(9) 



1.193 (7) 


348.6° 

at 600 mm. 

(4) 



/Id — 


330.8° 

at 400 mm. 

(4) 



1.63331 (4) (7) 

304.3° 

at 200 mm. 

(4) 





180.4° 

at 

100 mm. 

(4) 


Dll = 

1.1966 (9) 


171.4° 

at 

76 mm. 

(4) 





159.3° 

at 

60 mm. 

(4) 





144.0-146.5° 

at 

29 mm. (10) 





140.3° 

at 

26 mm. 

(4) 





139.54° 

at 

16 mm. 

(5) 





135.4° 

at 

16 mm. (11) 





137.97° 

at 

16 mm. 

(5) 





136.35° 

at 

14 mm. 

(5) 





133.0-133.3° 

at 

13 mm. 

(3) 





118.6° 

at 

10 mm. 

(4) 





104.8° 

at 

6 mm. 

(4) 







85.3° at 1.6 mm. (4) 


Colorless oil, volatile with steam. — Note that presence of as much as 10% of 2-chloro- 
naphthalene (3; 1286) has no effect upon density of C (9). — Note also that addn. of 1,4- 
dichloronaphthalene (3:1655), m.p. 68°, or of l,6-<lichloronaphthalene (3:0810), m.p. 48°, 
lowers m.p. of C (9). 

[For sepn. of mixts. of C with the isomeric 2-chloronaphthalene by fractional freezing 
of their soln. in appropriate solvents see (6). — For purification of tech. C by treatment 
with 1-2% alk. at 150° under reduced press, see (13). — For sepn. of C from dichloro- 
naphthalenes by means of its const.-boil. mixt. (b.p. 99°) with aq. see (18).] 

[For prepn. of C from a-naphthylamine [Beil. XII-1212, Xlli-(519)] via diazotization 
and use of CU2CI2 reactn. (70-75% yield (9)) (8) <7) or even by warming diazo soln. with 
HCl (10-20% yield (14)) or from diazonium/ZnCl2 cpd. on addn. to phenol at 60° (46% 
C + 29% hydroxybiphenyl + 20% diphenyl ether (62)) see indie, refs.; from a-naphtha- 
lenesulfonyl chloride [Beil. XI-167, XIi-(37)] (2), or from l-nitronaphth^ene [Beil. V-563, 
Vi-(264)] (15), or from /9-naphthol (1 : 1500) (16) with PCls as directed see indie, refs.; for 
formn. of C from l-nitronaphthalene with CI2 see (17).] 

[For prepn. of C from naphthalene with CI2 in boilg. naphthalene (19) (48), in vapor 
phase (20) (22) (27), in various solvents (21) (22) (23) (24) (25) (26) see indie, refs.; from 
naphtfa^ene with HCl gas + air in pres, of cat. see (28); from naphthalene with PbCU.- 
2NH4CI at 140-150° (29) or with S(52Cl2 -p AlCla (79% yield (30)) see indie, refs.; from 
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naphthalene dichloride [Beil, y-519] with boilg. ale. KOH (31) cf. (32) or by distn. (33) cf. 
(34) see indie, refs.) 

[For thermal anal, of systems of C with ShBrs see (35); with PkOH sec (36); with 2,4,6- 
trinitroresorcinol (styphnic acid) see (37).] 

[C with CI2 in cold or C with CI2 in It. pet. yields (38) 1-chloronaphthalene tetrachloride, 
m.p. 131° (38), and 1,4-dichloronaphthalene (3:1655), m.p. 68° (38); C with CI2 in CHCI3 
yields (38) the above 1-chloronaphthalene tetrachloride and 1,4-dichioronaphthalene tetra- 
chloride, m.p. 172° (38); C with CI2 in CS2 gives (38) a new dichloronaphthalene tetra- 
chloride, m.p. 158° (38).] 

[C on chloromethylation with paraformaldehyde -f* HCl gas + H3PO4 in AcOH gives 
(81) l-chloro-4-(chloromcthyl)naphthalene, m.p. 78-79° (81).] 

[C is not reduced with excess 5% Na/Hg in ale. even after 5 hrs. (39) nor by HI + P at 
182° for 10 hrs. (42); however, C in boilg. AmOH treated with Na yields (40) 1,4-dihydro- 
naphthalene [Beil. V-518, Vi-(249)] (identified by addn. of Br2 giving dibromide, m.p. 74° 
(40)) and 1,2,3,4-tetrahydronaphthalene (1:7550) q.v.; furthermore, C with Mg in boilg. 
MeOH evolves gas and upon acidification and pouring into aq. gives aim. quant, yield (41) 
naphthalene (1:7200), m.p. 80°.] 

[C on cat. oxidn. with air at 250-300° ^ves (43) 97% phthalic anhydride (1:0725) -f 
3% 3-chlorophthalic anhydride (3:3900).] 

[C with Li in s.t. 171^^ hrs. at 263° followed by treatment with aq. gives (44) naphthalene 
(1:7200) + l,l'-binaphthyl [Beil. V-725, Vr(358)], m.p. 156°. — C with Li in dry ether 
3nelds soln. of a-naphthyl-lithium which with Me2iS04 gives (77% yield (45)) 1-methyl- 
naphthalene (1:7600), the reactn. of C with Li occurring even more readily (46) than with 
MgJ 

[C with Mg at 200-220° reacts very energetically and is complete within a few minutes; 
naphthalene sublimes abundantly, and yield of a-CioH7MgCl is only 10-13% (47).] 

[C with AICI3 at 100° gives small amts. (50) naphthalene (1 : 7200) + 2-chloronaphthalene 
(3:1285).] 

[C with CuCN in pyridine htd. 24 hrs. in bath at 245-250° (92% yield (10)) or C with 
K4Fe(CN)6 4- pyridine at 270° for 18 hrs. (49) gives ce-naphthonitnle [Beil. IX-649, IXi- 
(275)], b.p. 299° cor., b.p. 173-174° at 27 mm., 166-169° at 18 mm. (10).] 

[C does not with Ag 3,5-dmitrobenzoat^ yield corresp. ester (80).] 

(C with 15% aq. NaOH above 300° for 12 hrs. gives (46% yield (51)) a-naphthol (1 : 1500); 
C with 5 moles 3-25% aq. NaOH at 350-360° under pressure in pr^. of Cu for 1 hr. gives 
(52) a mixt. of a-naphthol (1:1500) + /3-naphthol (1:1540). — C with aq. Na2C03 4- 
Cu at 300° under press. (53) or O with aq. Na2C03, Na2HP04, or Na2B407 at 325° and 280 
atm. (54) yields a-naphthol (1 : 1500). — C with aq. vapor over cat. at 300-400° yields 
(55) a-naphthol (1 : 1500).] 

[C with cone. aq. NH4OH + CuO at 150-250° under press. (56) or C with cone. aq. 
NH4OH 4- CU2CI2 4- Ca(OH)2 at 225-230° under press. (57) cf. (58) yields a-naphthyla- 
mine (for study rate of reactn. see (58) (61); under suitable conditions the main prod, may 
be di-a-naphthylamine (60).] 

[C with KNH2 in liq. NH3 at -33° gives (82) only ^3% a-naphthylamine, the main prod. 
(43-53%) being /5-naphthylamine; for behavior of C with LiNEt2 see (83).] 

[C on mononitration, e.g., with a mixt. of cone. HNO3 (D * 1.4) (1 mole) 4- cone. 
H2SO4 (2 moles) at 0° (63) cf. (64) (65) (66) gives a mixt. of three mono nitro derivs., viz., 
l-chloro-4-nitronaphthalene [Beil. V-556, Vi-(264)], pale yel. ndls. from ale., m.p. 85° 
(66) (63), 87-87.5° (67); l-chloro-5-nitronaphthalene [Beil. V-656], m.p. 111° (63) (68); 
and l-chloro-8-nitronaphthalene [Beil. V-566], ndls. from AcOH or CeH®, m.p. 94° (63),. 
93-94° (69). (Note that the relative proportions of these three mononitration products 
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vary rather widely acc. to conds. (63); that thermal anal, of various combinations of these 
three isomers have been recorded (65); and that of the other possible isomers the only 
ones reported are l-chloro-2-nitronaphthalene, pale yel. ndls. from It. pet., m.p. 80.6- 
81° (67), 76° (70) (71), and l-chloro-6-nitronaphthalene, m.p. 118-120° (72), both prepd. 
indiiectly.)] 

[C on dinitration, e.g., with warm cone. HNO 3 (66) or fumg. HNO 3 (66), or l-chloro-8- 
nitronaphthalene (above) on further nitr. (73) gives l-chloro-4,8-dinitronaphthalene 
[Beil. V-561], m.p. 138° (73), and l-chloro-4,5-dinitronaphthalene [Beil. V-561], m.p. 180° 
(66) (68); note that the only other recorded isomer, viz., l-chloro-2,4-dinitronaphthalene 
[Beil. V-SOl, Vi- (266)1, m.p. 146.5° cor., is obtd. only by indirect means, i.e., from 2,4- 
dinitronaphthol-1 with p-toluenesulfonyl chloride in diethylaniline (74).l 

[No record can be found of direct tnnitration of C; the only two recorded 1-chlorotrinitro- 
naphthalenes, viz., l-chloro-2,4,5-trinitronaphthalene [Beil. Vi-(265)1, m.p. 143-144°, and 
l-chloro-2,4,8-trinitronaphthalene [Beil. Vi-(265)1, m.p. 118-126°, have been obtd. from 
nitration (75) of l-chloro-2,4-dinitronaphthalene (above).l 

[C with cone. H 2 SO 4 at 140° yields (76) (77) mainly l-chloronaphthalenesulfonic acid-4 
[Beil. XI-160] (see also below). 1 

© l-Chloronaphthalenestilfonamide-4 (4-chloronaphthalenesulfonamide-l) : cryst. from 
dil. ale., m.p. 185-186° u.c. (78). [From C with chlorosulfonic acid as directed, fol- 
lowed by conversion of the intermediate 1-chloronaphthalenesulfonyl chloride-4, m.p. 
92-93° U.C., with (NH 4 ) 2 C 03 to the desired sulfonamide (78). I 

l-Chloronaphthalene picrate: m.p. 137° (50), 135° (11), 125.7° (36). [Note that this 

cpd. with PkOH forms a eutectic, m.p. 104.7°, contg. 16.3% (36).] 

l-Chloronaphthalene styphnate: m.p. 126-128° (79), 109.8° (37). [From 0 (1 

mole) -f- 2,4,6-trinitrore8orcinol (1 mole) (styphnic acid) in hot ale. (79); Neut. Eq. 
calcd. 203.8, found (79) 207.8.] 

8:6878 (1) Widman, BvXL, aoc. chim. (2) 28, 609 (1877). (2) Carius, Ann. 114, 146-146 (1860). 
(3) Gockel, Z. phyaik. Chem. B-29, 86 (1935). (4) Kahlbaum, Arndt, Z. physik. Chem. 26, 628, 
646, 665 (1898). (6) von Rechenberg, J. prakt. Chem. (2) 101, 117 (1920). (6) Britton, Reed 

(to Dow Chem. Co.), U.S. 1,917,822, July 11, 1933; Cent. 1933, II 2194; C A. 27, 4547 (1933). 
(7) von Auwers, Frtihling, Ann. 422, 194, 200,202 (1921). (8) Hampson, Weissberger, J. Chem. 

hoc. 1936, 394. (9) ZU’berman, Rashevskaya, Martyntseva, J. Applied Chem. (JJ.S.S.R.) 9, 

1832-1840 (1936); C.A. 31, 2697 (1937). (10) Newman, J. Am. Chem. Soc. 69, 2472 (1937); 

Org. Syntheaea 21, 89-91 (espec. Note 10) (1941). 

(11) L. Klemm, W. Klemm, Schiemann, Z. physik. Chem. A-166, 382 (1933). (12) Parts, 

Z. physik. Chem. B-16, 265 (1930). (13) Hanson, Brown (to Halowax Corp.), U.S. 2,025,742, 
Dec. 31, 1935; Cent. 19M, 1 4841; C.A. 86, 1068 (1936). (14) Gasiorowski, Wayss, Her. 18, 1939- 

1940 (1885). (15) de Koninck, Marquart, Ber. 6, 11 (1872). (16) Claus, Ohler, Ber. 15, 312, 
Note 2 (1882). (17) Atterberg, Ber. 9, 317, 927 (1876). (18) Buchheim (to Chem. Fabrik. von 
Heyden), Ger. 616,596, Aug. 1, 1935; Cent. 1935, II 3703. (19) Rymarenko, J. Ruaa. Phya.- 
Chem. Soc. 8, 141 (1876). (20) Ferrero, Wunenburger, Helv. Chim. Acta 11, 416-425 (1928). 

(21) Traubenberg, Wasserman, J. prakt. Chem. (2) 120, 177-178 (1928). (22) Ferrero, Fehl- 
mann, J. prakt. Chem. (2) 122, 340-343 (1929). (23) Ferrero, Fehlmann, Hdv. Chim. Acta 12, 
583-593 (1929). (24) Ferrero, Corbaz, Helv. Chim. Acta 13, 1009-1025 (1930). (25) Ferrero, 
Fehlmann, Swiss 134,089, Sept. 16, 1929; Cent. 1930, 1 2165; C.A. 24, 1652 (193Q). ‘ (26) Britton, 
Reed (to Dow Chem. Co.), U.S. 1,784,267, Dec. 9, 1930; Cent. 1931, I 1970-1971. (27) I.G., 
French 823,021, Jan. 12, 1938; Cent. 1938, I 4719. (28) Prahl, Mathes (to F. Raschig), Ger. 

676, 765, May 3, 1933; Cent. 1933, II 134. (29) Seyewetz, Biot, Compt. rend. 135, 1122 (1902). 
(30) Tdhl, Eberhard, Ber. 26, 2945 (1893). 

(31) Laurent, Gmelin-Kraut (7th ed.) 4, 36, 38. (32) Faust, Saame, Ann. 160, 66-68 (1871). 
(33) Fischer, Ber. 11, 738 (1878). (34) Laurent, Ann. chim. (2) 59, 199 (1835). (36) Men- 

sdiutkin, /. Ruaa. Phy8.-Chem. Soc. 44, 1082 (1912) ; Cent. 1912, II 1436. (36) Jefremov, J. 
Ruaa. Phya.-Chem. Soc. 50, 381 (1918); Cent. 1923, III 379. (37) Jefremov, J. Ruaa. Phya.-- 
Chem. Soc. 51, 359 (1909) ; Cent. 1923, HI* 770. (38) Turner, Wynne, J. Chem. Soc. 1941, 244-245. 



917 LIQUIDS WITH Df > 1.16 3:6878^:6880 

(39) Franzen, Stauble, J. prakt. Chem. (2) 103, 389 (1922). (40) Grien. Rowe. J. Chem, 8oe, 
118, 970 (1918). 

(41) Zechmeister, Rom, Ann. 468, 128 (1929). (42) Klages Liecke, J, prakt. Chem. (2) 61, 
323 (1900). (43) Pongratz, Bassi, Fuchs, Sttss, Wilstner, Schober, Angew. Ch^. 64, 22-26 (1941) ; 

C.A. 36, 3248 (1941). (44) Spencer, Price, J. Chem. Soc. 97, 388 (1910). (45) Vesley, Stursa, 

Collection Czechoslm. Chem. Commun. 4, 141-142 (1932). (46) Gilinan, Zoellner, Selby, J. Am. 

Chem. Soc. 56, 1256 (1933). (47) Shoruigin, Isagulyantz, Guseva, Ber. 66, 1427 (1933). (48) 

DeWitt, Ekely, Univ. Colorado Studies 18, 119-121 (1931) ; C.A. 26, 2974 (1932). (49) A.G.F.A., 

Ger. 293,094, July 12, 1916 ; Cent. 1916, II 288-289. (50) Roux, Ann. chim. (6) 12, 347-349 (1887) 
BuU. 80C. chim. (2) 46, 515 (1886). 

(51) Meyer, Bergius, Ber. 47, 3159 (1914). (52) Britton, Stearns .(to Dow Chengi. Co.), U.S. 
1,996,745, AprU 9, 1935; Cent. 1935, II 2126; C.A. 29, 3354 (1935). (53) Britton (to Dow Chem. 
Co.), U.S. 1,959,283, May 15, 1934; Cent. 1934, II 1688. (54) Hale, Britton (to Dow Chem. Co.), 
U.S. 1,882,824, 1,882,825, 1,882,826, Oct. 18, 1932; Cent. 1933, I 309; C.A. 27, 731 (1933). (66) 

Dreyfus, French 709,184, Aug. 4, 1931; Cent. 1931, II 2933. (56) Williams (to Dow Chem. Co.), 
U.S. 1,776,360, Sept. 9, 1930; Cent. 1931, II 1195. (57) Booth (to Swann Research, Inc.), U.S. 
1,954,469, April 10, 1934; Cent. 1934, II 1846. (68) Federal Phosphorus Co., Brit, 370,774, 
May 6, 1932; Cent. 1932, II 1237. (69) Groggiim, Stirton, Ind. Eng. Chem. 28, 1054 (1936). 
(60) Hale (to Dow Chem. Co.), U.S. 1,804,466, May 12, 1931; Cent. 1931, II 1195. 

(61) Vorozhtsov, Kobelev, J. Gen. Chem. (U.S.S.R.). 9. 1569-1576 (0939); C.A. 34, 2688-2689 
(1940). (62) Hodgson, Foster, J. Chem. Soc. 1942, 582-583. (63) Ferrero, Cafiisch, Hdv. 

Chim. Acta 11, 795-812 (1928). (64) Franzen. Helwert, Ber. 63, 319-322 (1920). (65) Asaoka, 

BuU. Tokyo Ind. Research Inst. 23, (9) 1-26 (1928); C.A. 23, 3923 (1929). (66) Atterberg, 

Ber. 9, 926-928 (1876). (67) Hodgson, Leigh, J. Chem. Soc. 1937, 1352. (68) Friedlander, 

Karamessinis, Schenk, Ber. 56, 47, 52 (1922). (69) Woroshtzow, Koslow, Ber. 69, 413-415 (1926). 

(70) Hodgson, Kilner, J. Chem. Soc. 1926, 7. 

(71) Hoogeveen, Rec. trav. chim. 60, 38-39 (1931). (72) Hodgson, Turner, J. Chem. Soc. 1943, 
391-392. (73) UUmann, Consonno, Ber. 36, 2810 (1902). (74) Ullmann, Bruck, Ber. 41, 

3932-3933 (1908). (75) Rindl, J. Chem. Soc. 103, 1912-1913 (1913). (76) Zinin, J. prakt. 

Chem. (1) 33, 36-37 (1844). (77) Arnell, BuU. soc. chim. (2) 39, 62-63 (1883). (78) Huntress, 

Carten, J. Am Chem.. Soc. 62, 511-513 (1940). (79) Ma, Hsia, Sah, Science Repts. NaU. Tsing Hua 
Univ. 2, 150- 156 (1933). (80) Tseng, Chu, NaU. Central C/mu. {Nanking), Sd. Repts. A-1, No. 2, 

5-7 (1931); C.A. 26, 2166 (1932). 

(81) Horn, Warren, J. Chem. Soc. 1946, 144. (82) Urner, Bergstrom, J. Am. Chem. Soc. 67, 
2108-2109 (1945). (83) Gilman, Crounso, Massie, Henkaser, Spatz, J. Am. Chem. Soc. 67, 

2107 (1945). 


3:6880 o-CHLOROBENZOTRICHLORIDE 


B.P. M.P. 

260® (1) (2) 30® (1) (2) (4) DZ « 1.61 (1) 

129.5® at 13 mm. (2) 39-30® (5) 

116-118® at 6-6 mm. (3) 

Colorless liq. with faint but not disagreeable odor. 

[For prepn. of C from salicylic acid (1:0780) with PCls see (1) (4); from o-chlorobenzoyl 
chloride (3:6640) with PCls in s.t. at 200® for several days see (2); from o-chlorotoluene 
(3:8245) with CI 2 at 130® (6) in pres, of PCI 3 (9), or from o^hlorotoluene-o-sulfonyl chloride 
(3) with CI 2 at 150-180® (3), see indie, refs.; for formn. of C from benzotrichloride (3 : 6540) 
with CI 2 see (6) (7); for purification see (8).] 

[For condens. of C with l-hydroxynaphthoic acid-2 [Beil. i5C-331, Xi-(144)] to yield 1- 
hydroxy-4-(o-chlorobenzoyl)naphthoic acid-2, m.p. 213® (11), see (10) (11) (12); for reactn. 
of C with (j-chlorobenzoic acid (3:4150) + ZnCU to yield o-chlorobenzoyl chloride (3 : 6640) 
see (13); for reactn. of C with 99% HF yielding o-chlorobenzotrifluoride, b.p. 149-152®, 
see (14).] 


<z> 


C 7 H 4 C 14 

iCl3 


Cl 


Beil. V- 303 
Vi.(153) 
V2-(334) 



3:6880-3:6890 


DIVISION B, SECTION 1 


918 


[C on htg. with Cu powder in CeHe for 25 hrs. gives (5) a mixt. of the two stereoisomeric 
forms of l,2-6is-(o-chlorophenyl)-l,2-dichloroethylene, [Beil. V-635]; by repeated cryst. 
from pet. ether this mixt. is separable into 3 pts. higher-melting stereoisomer, m.p. 172^ (5), 
and 1 pt. lower-melting stereoisomer, m.p. 129® <5).] 

C on hydrolysis, e.g., by htg. with aq. in s.t. at 160® ( 1 ) or by boilg. with cone. HNOa 
(2), yields o-chlorobenzoic acid (3:4150) q.v. 

8:8880 (1) Kolbe, Lautemann, Ann. 115 , 183-185, 195-196 (1860). (2) Anschutz, Ann. 454 , 
96-99 (1927). (3) Meister Lucius Bruning, Ger. 229,873, Jan. 6, 1911, Cent. 1911 , I 358. (4) 
Anschutz, Moore, Ann. 239 , 321-322 (1887). (5) Fox, Ber. 26 , 653-656 (1893). (6) Spreckels, 

Ber. 52 , 319 (1919). (7) Wertyporoch, Ann. 493 , 157-161 (1932). (8) Britton (to Dow Chem. 

Co.), U.S. 1,804,468, May 12, 1931; Cent. 1931 , II 497; C.A. 25 , 3668 (1931). (9) Kyrides (to 

Nat. Aniline and Chem. Co.), U.S. 1,733,268, Oct. 29, 1929; Cent. 1930 , 1 3831. (10) Soc. Chem. 

Ind. Basel, Ger. 355,115, June 21, 1922; Swiss, 92,406, Feb. 16, 1923; Cent. 1923 , II 484. 

(11) Soc. Chem. Ind. Basel, Ger. 378,908, Aug. 7, 1923; Ger. 378.909, Aug. 11, 1923; Swiss 
98,659, April 2, 1923; Cent. 1923 , IV 593. (12) Soc. Chem. Ind. Basel, Ger. 418,033, Aug. 26, 
1925; Cent. 1925 , II 2095. (13) Scottish Dyes, Ltd., Bangam, Thomas, Brit. 308,231, April 18, 
1929; Cent. 1929 , II 1348. (14) I.G., French 745,293, May 8, 1933; Cent. 1933 , II 2061. 


3:6890 4-METHOXYBENZOYL CHLORIDE ( SII 7 O 2 CI BeU. X - 163 


(p-Anisoyl chloride) 


CH 80 <( 

X,-( 77) 

B.P. 


M.P. 

ng = 1.6802 ( 6 ) 

a6a-263° si. dec. 

U) 

24® 

(7) Di° = 1.2609 ( 6 ) 

263” 

<9) 

22 ® 

(4) (15) 


258.4-260.5° 

( 2 J 

21 ® 

( 8 ) 



161-168® at 38 mm. (3) 

160-164® at 36 mm. (4) 

152-163® at 24 mm. (4) 

148-153® at 20 mm. (5) 

145® at 14 mm. (4) 

137.6-137.8® at 14 mm. (2) 

90.8® at 1 mm. (6) 

[For prepn. of C from p-methoxybcnzoic acid (p-anisic acid) (1 :0805) with PCls (93% 
yield (3)) (4) (9) (10) (11) or with SOCI 2 (6) (7) (12) (13) see indie, refs.; from sodium p- 
anisate with oxalyl chloride (3:5060) in C6H6(75-90% yield) see (14).] 

[C with 3% H 2 O 2 in acetone + pyridine at 0® yields (15) di-p-anisyl peroxide, cryst. from 
AcOEt or pet. eth., m.p. 128° (15); for reactn. of C with H 2 S 2 + ZnCl 2 giving (60% yield) 
di-p-anisyl disulfide see (30).] 

[C on cat. reductn. with H 2 and cat. as directed gives (81% yield (16)) p-methoxy- 
benzaldehyde (1:0240) (under some conds. (17) reductn. goes to p-methoxytoluene (methyl- 
p-tolyl ether ) ( 1 : 7495 ) ) .] 

[Although 2-methoxybenzoyl chloride (3:6870) with anhydrous Na 2 C 03 -f pyridine 
gives the corresp. anhydride, this reactn. is not specifically reported for C; however, C -h 
a tertiary amine (pyridine) in CeHe with excess K 2 S 2 O 6 yields (18) p-methoxybenzoic acid 
anhydride, m.p. 99-100° (18).] 

[C with CeHe + AICI 3 yirfds (1) p-methoxybenzophenone (1:5170); C with toluene -1- 
AlCTls gives (40% yield (11)) 4-methoxy-4'-methylbenzophenone, cryst. from ale., m.p. 89® 
(11); C with perylene + AlClj in CS 2 gives (19) 3,9-6i«-(p-methoxybenzoyl)perylene, m.p. 
319.5® (19).] 

[C condenses with many phenol ethers in pres, of AICI 3 ; e.g,, for reactn. of C with anisole 



919 


LIQUIDS WITH > 1.15 


3:6890 


yielding 4,4'-dimetho3^benzophenone [Beil. VIII-317, VIIIi-(641)], m.p. 143-144® <20), 
see <20) <21 >; for C with phenetole yielding 4-methoxy-4'-ethoxybenzophenone, m.p. 112® 
(13), 111® (20), see indie, refs.; for C with pyrocatechol dimethyl ether (veratrole) (1:7560) 
yielding 3,4,4'-trimethoxybenzophenone [Beil. VlII-422], m.p. 98-99°, see (22); for C with 
resorcinol dimethyl ether (1:7570) yielding 2,4,4'-trimcthoxybenzophenone [Beil. VIIIi- 
(702)1, m.p. 70-71° (23), see (23); for C with phloroglucinol trimethyl ether (1:7148) 
yielding 2,4,6,4'-tetramethoxybenzophenone [Beil. VIII-4961, m.p. 146°, see (22); for C 
with many other phenol ethers see (20).] 

[C with MeZnI (24) or better with Me 2 Cd (25) gives (yields: 25% (24), 84% (25)) p- 
methoxyphenyl methyl ketone (p-methoxyacetophenone) (1:5140), m.p. 38°; C with 
CeHsZnBr gives (65% yield (26)) p-methoxybenzophenone, (1:5170), m.p. 61°, b.p. 202° 
at 14 mm. (26).] 

[C with ethyl sodioacetoacetate yields (4) ethyl a-(p-methoxybenzoyl)acetoacetate 
[Beil. X-1004]; C with ethyl sodio^, 7 -dimethoxyacetoacetate yields (27) ethyl a, 7 -di- 
methoxy-a-(p-anLsoyl)acetoacetate (which on ketomc hydrolytic cleavage yields (27) 
a»,4-dimethoxy acetophenone ) .] 

[C (1 mole) with IICN (4 moles) in dry ether + pyridine gives (12) 7 >-methoxybenzoyl 
cyanide, m.p. 63°, b.p. 150° at 12 mm. (12); C with KCN -f- quinoline yields (28) l-(p- 
anisoyl)-2-cyano-l,2-dihydroquinoline, m.p. 120°, which upon acid hydrolysis gives (57% 
yield (28)) p-methoxybenzaldehyde (p-anisaldehyde) (1:0240).] 

[C with urea refluxed in CsHe for 15 hrs. yields (29) iV-(/>-methoxybenzoyl)urea, ndls. 
from ale., m.p. 215° (29).] 

[For reactn. of C with K^S in ale. -f ether yieUhng K salt of p-methoxythiobenzoic acid 
see (30); for reactn. of C with sodium phenylacetylene see (31); for reactn. of C with di- 
phenylketcne see (32); for reactn. of C with d-glucose and other carbohydrates see (33); for 
reactn. of C with 3,4-dimcthoxyphonylethylamine (34) or with /3-(a-butylamino)ethanol 
(3) see indie, refs.] 

C with MeOH yields methyl />-methoxybonzoate (methyl p-amsate) (1:2128), m.p. 
49°; C with EtOH yields ethyl p-anisate (1.4191), b.p. 269°, m.p. +7° (for study of rate 
of reactn. of C with EtOH see (8) (35)). 

C on hydrolysis yields />m(*,thoxybe'iizoic acid (1 .0805), m.p. 184°; for the amide, anilide, 
p-toluidide, and other derivs. corresp. to C see p-methoxybenzoic acid (1:0805). 

3:6890 (l) Ullnmnn, Goldberg, Der. 35, 2814 (1902) (2) Kohlr:'usch, Pongratz, Stockmair 

Monatsh. 67, 110 (1935). (3) Pierce, SaUsbury, Fredericksen, J. Am. Chem. Soc. 64, 1691-1694 

(1942). (4) Sehoonjans, BuU. acad. roy. Belg (3) 33, 810 820 (1897); Ce7it. 1897, II 616. (5) 

de Ceuster, Natuurw. Tijdachr 14, Nos. 3 6, 188-202 (1932), Cent. 1932, II 1296. (6) Thompson, 

Norris, J. Am. Chem. Soc 68, 1950 (1930). (7) Meyer, Monatah. 22, 428 (i901). (8) Branch, 

Nixon, J. Am Chem. Soc 58, 2499-2504 (1930). (9) Cahoui s, A nn. chwi. (3) 23, 350-354 (1848) , 

Ann. 70, 47-48 (1849). (lO) Lessen, Ann. 176, 284, Note (1875). 

(11) Orechow, Brouty, Ball. soc. chim. (4) 47, 623 (1930). (12) Marsh, Stephen, J. Chem. 

Soc. 127, 1635 (1925). (13) Schonbeig, Schutz, Nickel, Bcr. 61, 1380 (1927). (14) Adams, 

UhUch, J. Am. Chem. Soc 42, 606 (1920). (15) Vaiuno, Uhlfeldor, Ber. 37, 3624 (1904). (16) 

Rosenmund, Zetsche, Ber. 66, 1483 (1923). (17) Rosenmuiid, Zetsche, Bcr. 64, 641 (1921). 
(18) Gasopoulos, Prakhka Akad. Athenon 6, 347-353 (1931); Cent. 1932, I 3172. (19) Zinke, 

Funke, Ber. 68, 2225 (1925) . (20) Jones, J. Chem. Soc. 1936, 1860. 

(21) Schnackenberg, Schell, Ber. 36, 654 (1903). (22) von Kostanecki, Tambor, Ber. 39, 

4024, 4026 (1906). (23) Ziegler, Ochs, Ber. 55, 2273 (1922). (24) Mauthner, J. prakt. Chem. 

(2) 103, 392, 396 (1922). (26) Gilman, Nelson, Rec. trav. chim. 55, 528-629 (1936). (26) 

Martynoff, Ann. chim. (11) 7^ 439 (1937). (27) Pratt, Robinson, J. Chem. Soc. 127, 169 (1925). 

(28) Sugasawa, Tsuda, J. Pharm. Soc. Japan, 66, 103—105 (1936); Cent. 1936, II 3670. (29) 

Kaufmann, Arch. Pharm. 266, 236 (1927). (30) Block, Bergmann, Ber. 53, 974r-975 (1920). 

(31) Weygand, Bauer, Ann. 469, 141 (1927). (32) Staudingor, Kon, Ann. 384, 117 (1911). 

(3) Oden, ArHv Kemi, Mineral. Geol. 7, No. 16, 1-16 (1918); Cent. 1928, III 254-266; C.A. 14, 

2171 (1920). (34) Ahluwalia, Narang, Ray, J. Cfiem. Soc. 1931, 2058. (35) Norris, Fasce, 

Staud, J. Am. Chem. Soc. 67, 1416-1420 (1935). 
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TEREPHTHALYL (DI)CHLORIDE C 8 H 4 O 2 CI 2 BeO. IXi- 844 

IXi-(376) 

B.P. 263° M.P. 83° 

See 3:2205. Division A: Solids. 



2,4,6-TRICHLORO-3-METHYLPHENOL CyHgOCla 

OH 



B.P. 265° M.P. 46° 


See 3 : 0618. Division A : Solids. 


Beil. VI — 
VIi- 
Vl2-(356) 


3:6895 DI-( 7 -CHLOROPROPYL) CARBONATE C 7 H 12 O 3 CI 2 
( 7 , 7 -Dichloropropyl carbonate) C 1 .CH 2 CH 2 CH 20 \ 

>C=0 

CI.CH 2 CH 2 CH 2 O/ 


Beil, in — 

mi- 

m2-(5) 


B,P. 266-270° at 740 mm. ( 1 ) 

[Obtd. as by-product in prepn. of 7 -chloropropyl chloroformate (3:6010) from phosgene 
and trimethylene chlorohydrin (3:8285) <!).] 

3:6895 <1> Pierce, Adams, J. Am. Chem. Soc. 45, 791-792 (1923). 


OCTACHLOROPROPANE 

B.P. 268—269° at 734 mm. 

See 3 : 4450. Division A: Solids. 


Cl 

CI3C— i— CCI3 

ii 


M.P. 160'' (?) 


CjCls 


BeU. I - 108 
Ii-( 36) 
— 


^-CHLOROPHENACYI, CHLORIDE CgHeOCl, 

Cl< ^^ ) >— C— CHaCl 


BeU. Vn - 282 
vni-(i5S) 


B.P. 870“ 


M.P. 101-108® 


See 3 : 2990. Division A : Solids. 



921 


LIQUIDS WITH Df > 1.16 


3:6900 


ISOPHTHALYL (DI)CHLORIDE 


-C =0 C8H4O2CI2 
Cl 


B.P. 276® M.P. 43® 

3:0520. Division A: Solids. 

3,4,6-TRICHLOROPHENOL 


B.P. 271-277® U.C. at 746 mm. 

See 3 : 2885. Division A . Solids. 

PENTACHLOROBENZENE 


B.P. 275-277® M.P. 86-87® 

See 3 : 2290. Division A: Solids. 



M.P. 101® 



CeHsOCla 


CcHCIb 


Beil. IX - 834 
IXr(372) 


BeU. VI — 
VIi- 
Vl2-(181) 


Beil. V - 205 
Vi-(113) 
V2-(157) 


3 : 6900 sym.-o-PHTHALYL DICHLORIDE O 

(syw.-o-Phthaloyl dichloride) 


C8H4O2CI2 



Beil. DC - 805 
IXi-(363) 


B.P. 



M.P. 


1^0 = 


276.7® 

at 

760 mm. (1) 

16° 

(7) 

: 1.4089 (2) 

275.4® 

at 

726 mm. (2) 

15-16® 

<1) (8) 


1.4060 (6) 

269-270® 


(3) 

13® 



nl? = 1.5692 (6) 

156-157® 

at 

23 mm. <4} 

11.6-ia'’ <6) 

^16 » 

1.56919 (2) 

150® cor. 

at 

23 mm. (5) 

11-12® 

<7) 

= 1.4077(4) 

153.3-153.7® 

at 

22 mm. <6) 




ii{>®® = 1.57099(4) 

131-133® 

at 9-10 mm. <7) 






[See also unsym.’-o-phJthalyl dichloride (3:2396).] 


The m.p. of ord. samples of C is usually abt. 12®, but distn. at ord. press. (7) yields a] 
pw)d. with m.p. 16®. The chem. of C is closely connected with that of the isomeric unsym.- 
o-phthalyl dichloride (3:2395) q.v.; for f.p./compn. curve for mixts. of the two isomers see 

( 8 ). 
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[For prepn. of C from phthalic anhydride (1:0725) with PCI 5 (92% yield (7)) (1) (3) 
(9) (10), with PCI 3 + CI 2 (12), with benzotrichloride (3:6540) + a little ZnCh (13), with 
a little ZnCl 2 at 220° by grad. addn. of SOCI 2 (100% yield (14)) (15), or with CCU (etc.) + 
2% ZnCl 2 at 250-280° (16) see indie, refs.; from phthalic acid (1:0820) with benzotri- 
chloride 4- a little ZnCl 2 see (17).] 

[For prepn. of C from w?isym.-o-phthalyl dichloride (3:2395) by htg. at 150° for 1 hr. 
see (5); from thiophthalic anhydride [Beil. XVII-486, XVIIi-(256)] with dry CI 2 at 245° 
see (18); for formn. as by-product of action of CI 2 on o-toluoyl chloride (3:8740) see (19).l 
[For purification of C by treatment with MgO or CaO see (20).] 

C on htg. with AICI 3 (3^ mole), then deeg. cpd. with aq. and extracting with pet. ether, 
isomerizes (72% yield (7)) (1) (21) to Mn5ym.-o-phthalyl dichloride (3,3-dichlorophthalide) 
(3:2395), m.p. 89°, 

[C with CI 2 at 120-170° in pres, of Fe yields (22) tctrachlorophthalic acid (3:4946).] 

[C on reduction with Zn -f HCl (23) (24) or HI 4- P in CS 2 (23) (25) yields phthalide 
(1:4920); C on boilg. with AcOH 4- Na/Hg yields (26) phthalyl alcohol (o-xylylene 
glycol) [Beil. VI-910].] 

C on heating with K in xylene (27), or with ter-bases 4- K 2 S 2 O 6 (28), or with ZnCl 2 4- 
SO 2 at 200° (14) yields phthalic anhydride (1 :0725). [Note that last reaction is the reverse 
of an impt. method (15) of prepn. of C.] 

[C on shaking for 20 min. at 60° in glass flask with ZnF 2 , then extracting with pet. eth. 
yields (29) o-phthalyl difluoride, m.p. 42-43°, b.p. 224-236° at 760 mm. (29); C with HBr 
gas at 150-160° gives (50% yield (30)) sym -o-phthalyl dibromide, m.p. 78-81° rap. htg., 
b.p. 191° at 24 mm., 134° at 2 mm. (30). J 

[C htd. with a little ZnCl 2 and diethyl ether (31) or diethyl phthalate (32) gives (80% 
yield (31)) ethyl chloride (3:7015).] [Use in mfg. of alkyl chlorides (33).] 

[For reactn. of C with glycols see (34); for use of C in acylation of cellulose see (35).] 

[For behavior of C with H 2 O 2 yielding phthalyl peroxide see (36); with PCls see (37); 
with NaNs see (38) (39); with CeHsMgBr see (40).] 

C on treatment with cold cone. NH4OH followed by acidification yields (41) (42) 0 - 
cyanobenzoic acid [Beil. IX-814, IXi-(365)], m.p. 190° dec., converted by htg. to phthal- 
imide, m.p. 228.5° u.c. [For reactn. of C with dimethylaminc yielding N,N,N\N'-tetTB.- 
methyl-o-phthaldiamide, m.p. 121-122°, see (43); with diethylamine yielding (44) (45) 
corresp. iV,iV,Ar',Ar'-tetra-ethyl-o-phthaldiamide, m.p. 36° (44), 39° (45) see indie, refs.] 

C htd. with 1 mole acetamide until no more HCl is evolved gives in good yield (46) N- 
acetylphthalimide, cryst. from toluene, m.p. 135-136° (46); similarly benzamide gives 
N-benzoylphthalimide, m.p. 168° (46). 

C reacts instantly with aniline yielding (29) 8ym.-phthalyldiamlide, m.p. 253-255°. 
[Note that when C is treated with aniline in ether or CeHe and stood for some time the 
prod, has m.p. about 231°; when recr 3 rstd. from EtOH, however, the m.p. rises to 253-255°. 
This apparent anomaly is attributable to the pres, in most samples of C of some phthalic 
anhydride whose slower reactn. with ahiline contaminates the main prod, but is removed 
by recrystn. from ale. If, on reactn. of ord. C with aniline, the resultant ppt. is filtered 
at once (before the anhydride has reacted), washed with CeHe, ale., and then aq., the 
prod, shows m.p. 253-255° without recrystn. (29).] 

C on hydrolysis yields o-phthalic acid (1:0825) q.v. 

3:8900 (1) Ott, Ann. 392, 273-277 (1912). (2) Brilhl, Ann. 235, 13-14 (1886). (3) Claus. 
Hoch, Ber. 19, 1187-1194 (1886). (4) von Auwers, Schmidt. Ber. 46, 483 (1913). (5) Garner, 

Sugden, J. Chem. Soc. 1927, 2878, 2881. (6) Martin, Partington, J. Ckem. Soc. 1930, 1181. 
(7) Ott, Org. Syntheses. Cofl. VoL 2 (1st ed.), 528-530 (1943); 11, 88-91 (1931). (8) Csanyi, 
Monatsh. 40, 81-92 (1919). (9) Auger, Ann. chim. (6) 22, 295-302 (1891). (10) Tingle. Cram, 
Am. Chem. J. 37, 603-604 (1907). 
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(11) Graebe, Ann. 238, 329 Note (1887). (12) Ciemmensen, Miller (to Monsanto Chem. Co.), 

U.S. 1,974,845, Sept. 25, 1934; Cmt. 1935, I 960; C.A. 28, 7265 (1934). (13) Kyrides (to Mon- 
santo Chem. Co.), U.S. 1,963,749, June 19, 1934, CerU. 1934, II 2900; C.A. 28, 5079 (1934), 
(14) Kyrides, Am. Chem. Soc 59, 206-208 (1937). (15) Kyrides (to Monsanto Chem. Co.), 

U.S. 1,951,364, Mar. 20, 1934; Cent. 1934, II 3.33; C.A. 28, 3424 (1934). (16) Mares (to Monsanto 

Chem. Co.), U.S. 2,051,096, Aur. 18, 19,36; Cent. 1936, II 3594, C.A. 30, 6762 (1936). (17) 
Kyrides (to Monsanto Chem. Co.), U.S. 1,963,748, June 19, 19.34; Cent. 1934, II 2900; C.A. 28, 
5080 (1934). (18) Ott, Langeiiohl. Zerweck, Ber. 70, 2360-2362 (1932). (19) Davies, Perkin, 

J. Ch^. Soc. 121, 221.3 (1922). (20) Luthy, Thomas (to Monsanto Chem. Works), U.S. 1,906,761, 

May 2, 1933; C.A. 27, 3484 (1933); Brit. 397,775, Sept. 21, 1933; Cent. 1933, II 3194. 

(21) Scheiber, Ber. 46, 2366-2370 (191.3). (22) Zal’kind, Belikova, Russ. 35,188, Mar. 31, 
1934; Cent. 1935, II 1090; C.A. 30, 3443 (19.36). (23) Hessert, Ber. 10, 1445-1447 (1877). (24) 
Hessert, Ber. 11, 238-239 (1878). (25) Bacyer, Ber. 10, 123-124 (1877). (26) Hessert, Ber. 12, 

646-648 (1879). (27) Pearl, Evans, Dehn, J. Am. Chem. Soc. 60, 2479 (1938). (28) Gasopoulos, 

Praklika Akad. Athenon. 6, 347-3.53; Cent. 1932, I 3172. (29) Daiin, Davies, Hambly, Paul, 

Semmens, J. Chem. Soc. 1933, 17. (.30) Davies, Hambly, Semmons, J. Chem. Soc. 1933, 1309- 
1315. 

(31) Kyrides, J. Am. Chem. Soc. 55, 1209-1212 (1933). (32) Kyrides, Dvornikoff, J. Am. Chem. 
Soc. 66, 4630-4632 (1933). (33) Kyrides (to Monsanto Chem. Co.), U.S. 1,939,216, Dec. 12, 
1933; Cent. 1934, I 2040; C.A. 28, 1361 (1934). (.34) Carothers, Arvdn, /. Am. Chem. Soc. 51, 
2560-2570 (1929). (35) Brit. .319,584, Nov. 20, 1929; Cent. 1930, I 1377. (36) McKee, U.S. 

1,614,037, Jan. 11, 1927, Brit. 271,725, June 23, 1927, Cent. 1927, II 1085; C.A. 21, 745 (1927). 
(37) Ott, Ber. 55, 2108-2125 (1922). (38) Darapsky, Gaudian, J. prakt. Chem. (2) 147, 47-48 

09.36). (39) Lindemann, Schultheis, Ann. 464, 249-253 (1928). (40) Clar, St. John, Hawran, 
Ber. 62, 940-950 (1929). 

(41) Hoogewerff, van Dorp, Rec. irav. chim 11, 91-94 (1892) (42) Scheiber, Knothe, Ber. 45, 

2252-2255 (1912). (43) von Braun, Kaiser, Ber. 55, 1307-1310 (1922). (44) Maxim, Compt. 
rend. 184, 690 (1927). (45) French 785,428, Aug 9, 1935; Cent. 1935, II 3441 ; C.A. 30, 488 (1936). 

(46) Evans, Dehn, J. Am. Chem. Soc. 51, 3652 (1929). 


2,3,6,6,6,6-HEXACHLOROCyCLOHEXEN-2- O CeOzCle Beil. VH - 574 

DIONE-1,4 11 VUi— 

c/Nci, 



B.P. Z7S-2S6° dec. M.P. 89° 

See 3 : 2360. Division A: Solids. 

3:6910 2,4,6-TRICHLOROBENZAL (DI)CHLORIDE C 7 H 3 CI 6 BeU. V - 303 

(2,4,5-Trichlorobenzylidene (di)chloride) Cl Vi-(153) 

Cl< ( ^ HCl, V 2 — 


B.P. a80-a8i° (1) 


= 1.607 ( 1 > 


Oil which below 0® solidifies to colorless cryst. 

[For prepn. of C from 2,4,5-trichlorotoluene (3:2100) at b.p. with CI 2 see (1); for formn. 
of C from toluene in AcOH/HCI on electrolysis in dark see (6).} 

C on hydrolysis with fumg. H 2 SO 4 (2), warm cone. H 2 SO 4 (3), or with aq. in s.t. at 260® 
(4) (1) gives 2,4,5-trichlorobenzaldehyde (3:3375). 

[For use of C in prepn. of dyestuffs see (5).] 

3:6919 ( 1 ) Beilstein, Kuhlberg, Ann. 150, 299 (1869). (2) Seelig, Ann. 237, 148-149 (1887). 

(3) Fischer, Ger. 25,827; June 23, 1883, Friedl&nder 1, 42 (1877-87). (4) Beilstein, Kuhlberg, 

Ann. 152, 238-239 (1869). (5) Schmidlin (to Cassella and Co.), Ger. 363,290, Nov. 6, 1922; 

Cent. 1923, II 482; not in C.A. (6) Fichter, Glantzstein, Ber. 49, 2484 (1916). 
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— 2,6-DICHLORONAPHTHALENE 

Cll 

B.P. 285® U.C. M.P. 136® 

See 3 : 4040. Division A : Solids. 

1,7-DICHLORONAPHTHALENE 

(2,8-Dichloronaphthalene) q] 


B.P. 286® U.C. M.P. 63.5-64.5® 

See 3; 1385. Division A: Solids. 



Cl 



1,4-DICHLORONAPHTHALENE Cl 



B.P. 286-287® at 740 mm. M.P. 68® 

See 3 : 1655. Division A : Solids. 


1,3-DICHLORONAPHTHALENE Cl 



B.P. 291® cor. at 776 mm. M.P. 61-62° 

See 3 : 1310. Division A : Solids, 

1,2-DICHLORONAPHTHALENE Cl 



B.P. 295-298® M.P. 34r-35® 

See 3:0320. Division A: Solids. 


C10H6CI2 


C10H6CI2 


CioHcCl2 


CioHeCh 


C10H6CI2 


BeU.V- 544 
Vi- 
V2-(446) 


BeU.V- 543 
Vi-(263) 
V2-(446) 


BeU. V - 542 
Vi-(262) 
V2-(445) 


BeU. V - 542 
Vi.(262) 
V2-(445) 


BeU. V - 542 
Vi-(262) 
V2-(445) 


3:6930 a-NAPHTHOYL CHLORIDE O 



B.P. 

297.5® <1) 

182-183® at 14 mm. <2) 
172-173® at 16 mm. <3) (4) 
167-168® at 16 mm. (11) 
158® at 12 mm. (5) 
168® at 10 mm. (6) 
163® at 10 mm. (7) (8) 


M.P. 

26® (7) 

22® (5) 
20® (3) (9) 


C11H7OCI 


BeU. IX - 648 
IXi-(275) 
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[For prepn. of C from «-n»phthoic acid (1 :0786) with PCIb (yield: 100% (4) (8)) (6) (1) 
(11) in 004 (10) or with SOClj (12) (13) (14) (7) see indie, refs.] 

C + anhyd. Na 2 C 03 + pyridine treated with a few drops of aq. (14), or C with various 
RMgX or other organometallic cpds. (15), or C htd. with Ca a-naphthoate (1), gives (80% 
yield (14)) «-naphthoic acid anhydride, pr. from CeHc, m.p. 145-146° (1) (14) (15). 

[C on cat. hydrogenation gives (33% yield (5)) a-naphthaldehyde [Beil. VII-400, VIIi- 
(212)], b.p. 173-174° at 35 mm. (p-nitrophenylhydrazone, m.p. 233-235° (5)).] 

(C with AICI 3 + hydrocarbons give corresp. a-naphthyl ketones: c.g., with CeHe (6), 
biphenyl (8), a-methylnaphthalene (16), /3-methylnaphthalene (17) (18), with 2,3- (19), 
2,6- and 2,7- (20) dimethyl-naphthalenes, with various subst. perylenes (21) (22), see indie, 
refs.; C with RMgX cpds. also yields corresp. a-naphthyl ketones: e.g., with a-naphthyl 
MgBr (14) or a-tetralyl MgBr (23), see indie, refs.] 

C with aq. hydrolyzes very slowly (9) yielding a-naphthoic acid (1.0785) m.p. 161-162°. 
— For the amide, anilide, and other derivs. corresp. to C see a-naphthoic acid (1:0785); 
in addition to these see below. 

(P a-Naphthoic/3-naphthaUde: cryst. from ale., m.p. 200° (13). [From C + /?-naphthyl- 
amine in CeHe (13).] 

3:6930 (l) Hofmann, Ber. 1, 41-42 (1868). (2) Bergmann, Rchuchardt, Ann. 487, 253 (1931). 
(3) Linnell, Roushdi, Quart. J. Pharm. Pharmacol. 14, 270-280 (1941). (4) von Braun, Bcr. 38, 

180 (1905). (5) Shoesmith, Guthrie, J. Chem. Soc. 1928, 2332 (6) Reddehen, Ber. 46, 2722, 

Note 2 (1913). (7) Bell, J. Chem. Soc. 1930, 1984-1985. (8) Schmidhn, Garcia-Banus, Ber. 45, 
3183 (1912) (9) Pope, Winmill, J. Chem. Soc. 101, 2316 (1912). (10) West, J. Am. Chem. Soc. 

42, 1662 (1920). 

(11) Szperl, Herszaft, Roezniki Chem. 14, 1238-1242 (1934), Cent. 1935, I 2530. (12) StoU6, 
J. prakt. Chem. (2) 74, 19 (1906). (13) Beckmann, Liescho, Correns, Ber. 66, 354 (1923). (14) 

Blicke, J. Am. Chem. Soc. 49, 2847-2848 (1927). (lo) Bruce, J. Am Chem. Soc. 60, 2277 (1938). 
(16) Cook, Robinson, J. Chem. Soc. 1938, 510. (17) Clar, Ber 62, 355-356 (1929). (18) French 
614,959, Dec. 27, 1926; Cent. 1929, II 796. (19) Cook, J. Chem. Soc. 1933, 1596. (20) Cook, 

J. Chem. Soc. 1932, 492. 

(21) Zinkc, Funke, Ber. 68, 2222-2227 (1925). (22) French 589,643, June 2, 1925; Cent. 1926, 

I 1053. (23) Fieser, Seligman, J. Am. Chem. Soc. 68, 478-480 (1936). 


2,6-DICHLOROBENZOIC ACID C7H^02Cl2 Beil. IX - 342 

9 ! ^ IXi-(141) 

y~COOH 

^ 61 

B.P. 301° M.P. 155° 

See 3 : 4340. Division A : Solids. 


2,3,4,6,6-PENTACHLOROTOLUEHE CH, C 7 H 3 CI 6 

Clj^Cl 



B.P. 301° M.P. 234-225° 


BeU. V - 303 
Vi-(153) 
V2-(234) 


See 3 : 4937. Division A : Solids. 
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/S-NAPHTHOYL CHLORIDE 

B.P. 30^306** M.P. 5V 

See 3 : 0900. Division A : Solids. 



CuHtOCI 


Beil. IX -657 

Ki- 


3 : 6060 a,a-DICHLORODIPH£NYLM£THAN£ 

(Benzophenone (di)chloride; ^ 


a,a-dichloroditan ) 


<z>^ 


C13H10CI2 

CCI2 


B.P. 

306** cor. dec. (1) 

320® at 671 mm. (1) 

335® at 70 mm. (2) 

301-303® at 36 mm. (3) (4) (15) 

193® at 30 mm. (5) (10) 

186® at 26 mm. (6) 

189-190® at 21 mm. (7) 

173® at 16 mm. (8) 

165® at 12 mm. (23) 


Dill = 1.235 (1) 


Beil. V - 590 
Vi-(278) 
V2-(601) 


Colorless oil showing bluish fluorescence and having only faint odor (3). 

(For prepn. of C from benzophenone (1:5150) with PCls (yield: 90% (3), 85% (7), 68% 
(9)) (1) (10) (11) (12) (15); with PCI5 in Celle (92% yield (13)), or with oxalyl dichlondc 
(3:5060) in s.t. at 130-140® (14) see mdic. refs.; from CeHe + AICI3 + excess CCI4 (yield: 
90-95% (16), 80-90% (18)) (17) see indie, refs.; for formn. of C from diphcnylmethane 
(1:7120) with PCle in s.t. at 170® see (13), from 5z5-(triphcnylmethyl) peroxide with PCI5 
(19) or with CI2 in CCI4 in pres, of I2 (19), from diphenyldiazomethane with SOCI2 or 
SO2CI2 in pet. ether (100% yield (20)), or from benzotrichloride (3:6540) htd. with uranium 
metal at 115-128® (4) sec indie, refs.] 

[For use of C in prepn. of acid anhydrides by htg. at 110-120® with salts of aliph. or arom. 
acids see (21).] 

C hydrolyzes slowly with cold but rapidly with hot aq. yielding (1) benzophenone (1:5150) 
and HCl (for study of rate of hydrol. of ether soln. on shaking with aq. see (22)); C dis. in 
cone. H2SO4 with yel. color (which grad, disappears) and on pouring onto ice yields (6) 
benzophenone (1:5150); C in dry ether shaken 2 hrs. with silver oxide gives (78% yield 
(23)) benzophenone (1:5150); C with ale. NH3 yields (33) benzophenone. 

C with MeOH alone (6), with dry MeOH + Mg (24), with dry MeOH in dry pyridine 
at 0® (25), with NaOMe in MeOH (3) (26), or with NaNs in dry MeOH (27) gives (yields: 
fl6% (6) (24), 81% (3)) a,a-dimethoxy-diphenylmethane (benzophenone dimethylacetal) 
[Beil. VII-415], cryst. from MeOH, m.p. 107-108® (25), 107.5° cor. (24), 106.5-107® (3) 
(for application to higher ales, see (3) (26)). 

C htd. with Ag (11) (5), or stood overnight with Ag or Zn in dry EtOAc (28) cf. (29), or 
refluxed in CS2 with 3-4 moles Hg (28) (less Hg gives different result), or with 2 moles 
Nal in boilg. acetone (30) (1 mole Nal gives different result), or with excess cyclohexyl- 
MgBr (31) (less reagent gives different result), or with Na in liq. NH3 (90% yield (32)) 
or htd. 8 hrs. with diphenylmethane (1:7120) (88% yield (12)) gives tetraphenylethylene 
[Beil. V-743, Vi-(376)], m.p. 227® cor., 222® u.c. (31), 221® (11). — [C does not react with 
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Mg in dry ether even in pres, of I 2 (28).l — (C refluxed in CS 2 with less than 3 moles Hg (28), 
or C with 1 mole Nal in acetone in cold (30), or C with 1 mole cyclohexyl MgBr (31), gives 
tetraphenylethylene dichloride [Beil. Vi-(371)], cryst. from ether, m.p. 186® cor. dec. (31).) 

[C with 2 moles Ag azide in ether gives (88% yield (34)) benzophenone diazide, m.p. 
42°; C treated as directed (15) with ale. NaSH gives 42-50% yield thiobenzophenone 
[Beil. VII-429, VIIi-(232)], cryst. from pet. ether, m.p. 53-54® (15) (note that an excess of 
C must always be present to prevent reduction of the thiobenzophenone to dibenzohydryl 
disulfide [Beil. VI-^1], ndls. from ale., m.p. 152°, and that the latter is obtd. in 70% yield 

(15) if (5 is added to the ale. NaSH instead of the reverse); for reactn. of C with diethyl 

sodio-malonate (2) (9) or with ethyl sodioacetoacetate (8) see indie, refs.; for reaction of 
C with SbFa yielding a,a-difluorodiphcnylmethane, b.p. 260° dec., 125° at 10 mm., m.p. 
-1.8®, Df = 1.1614, = 1.53786, see (35).] 

C with 4 moles aniline in cold gives (36) benzophenone anil [Beil. XII-201, XIIi-(174)l -f 
aniline hydrochloride; the former is sol. in ether, the latter in aq.; sepn. of the layers and 
addition of ale. to the ether ppts. benzophenone anil, pale yel. Ifts. from abs. ale., m.p. 109° 
U.C. (36) 113®. 

3:6960 (1) Kekul6, Franchimont, Ber. 5, 908-909 (1872). (2) Phalnikar, Nargund, J. Univ. 

Bombay 6. Part 2. 105-108 (1936); Cent. 1938, I 61. C.A. 31. 3036 (1937). (3) Mackenzie, J. 

Chem. Soc. 69. 987-991 (1896). (4) Lai, Dutt, J. Indian Chern. Soc. 13. 390 (1935). (5) An- 
schutz, Ann. 236. 221-222 (1886). (6) Straus. Ecker, Ber 39, 3005 (1906). (7) Hsu, Ingold, 

Wilson, J. Chem. Soc. 1936. 1782. (8) Klages, Fanto, Ber. 32. 1433 (1899). (9) Adickes, J. 

praki. Chem. (2) 146, 239 (1936). (10) Gattermann, Schulze, Ber. 29, 2944-2945 (1896). 

(11) Behr, Ber. 3, 752 (1870). (12) Norris, Thomas, Brown, Ber. 43,2958-2959 (1910). (13) 
Cone, Robinson, Ber. 40, 2161-2162 (1907). (14) Staudingcr, Ber. 42, 3976 (1909). (15) 

Staudinger, Freudenliergcr, Org. Syntheses, ColL Vol. 2 (1st ed.), 573-574 (1943); 11, 94-95 (1931). 

(16) Gomberg, Jickling, J. Am. Chem. Soc. 37, 2577-2578 (1915). (17) Riddell, Noller, J. Am. 

Chem. Soc. 64, 292 (1932). (18) Boeseken, Rec. trav. ch%m. 23, 101-102 (1904), 24, 1-3 (1905), 

(19) Gomberg, Cone, Ber. 37, 3544 (1904). (20) Staudinger, Anthes, Pfenmnger, Ber. 49, 1941 

(1916). 

(21) Evlampiev, Russ. 52,811. March 31, 1938; Cent. 1939, I 1449, C.A 34, 5468 (1940). (22) 

Straus, Hussey, Ber. 42, 2171 (1909). (23) Straus, Caspar!, Ber. 2709 (1907). (24) Zech- 

meister, Rom, ilnn. 468, 127 (1928). (25) Papadakis, J. Am. Chem. Soc. 68, 666 (1936). (26) 

Mackenzie, J. Chem. Soc. 121, 1095-1()96 (1922). (27) Schroeter, Ber. 42, 2340-2342 (1909). 

(28) Ref. 12, pp. 2946-2947. (29) Staudinger, Clar, Czako, Ber. 44, 1644 (1911). (30) Finkel- 

stein, Ber. 43, 1532-1533 (1910). 

(31) Schmidlin, von Escher, Ber. 46, 894-895 (1912); 43, 1157, 1159 (1910). (32) Dean, 

Berchet, J. Am. Chem. Soc. 62, 2825 (1930). (33) Pauly, Ann. 187, 217-220 (1877). (34) 

Gdtzky, Ber. 64, 1558 (1931). (35) Henne, Leicester, J. Am. Chem. Soc. 60, 864-865 (1938). 

(36) Ref. 33, pp. 199-202. 


3:6980 2,3,4,6-(or 2,3,6,6)-TETRACHLOROBENZAL C 7 H 2 CI 6 
(DDCHLOKIDE 

Cl Cl Cl 



B.P. 305-306® (1) 


Di® = 1.704 (1) 


BeiL V - 303 
Vi-(153) 
Vt- 


JFor prepn. of C from 2,3,4,6-tetracblorotoIuene (3:2480) or from 2,3,5,6-tetrachloro- 
toluene (3:2575) at their b.p.*s with CI 2 (1) or with CI 2 at 100-130® (especially in light 
from Hg-vapor lamp) (2) see indie, refs.] 

C with strong H 2 SO 4 at 90® is hydrolyzed (2) to 2, 3, 4, 6- (or 2,3,5,6-)-tetrachlorobenzalde- 
hyde (3:2700). 


3:6080 (1) Beilstein, Kuhlberg. Ann. 160, 303-304 (1869). (2) Cassella and Co.. Ger. 290, 209, 

Feb. 8, 1916; Cent. 1016, I 396-397; not in C.A. 
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PENTACHLOROPHENOL 



CaHOClfi BeU. VI - 194 
VIi-(104) 
Vl2-(182) 


B.P. 309-310° at 764 mm. M.P. 190° 

See 3 : 4850. Division A : Solids, 


4,6-DICHLOROPHTHALIC ANHYDRIDE C 8 H 2 O 3 CI 2 

O 



A 


BeU. XVII - 483 
XVni-(254) 


B.P. 313° M.P. 187-188° 

See 3 : 4830. Division A : Solids. 


4,4'-DICHLOROBIPHEim, CjjHsCb Beil. V- 579 

Vi-(S73) 
Vs-(484) 

B.P. 316” M.P. 148° 

See 3 : 4300. Division A : Solids. 



3,8'-DICHLOROBIPHENYL 



C12H8CI2 


B.P. 326° M.P. 29° 

See 3 : 0180. Division A : Solids, 


BeU. V - 579 
Vi-(272) 
V2-(484) 


HEXACHLOROBENZENE 



B.P. 326° 


M.P. 229° 


CeCle BeU. V - 205 
Vi-<113) 
V2-(157) 


See 3 : 4939. Division A: Solids. 
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S,6-DICHL0R0PHTHALIC AiniYDRIDE CgHjOsai BeU. XVH - 483 

xvni-(a«4) 

o 

B.P. 339” M.P. 194” 

See 3 : 4860 . Division A : Solids. 

4,4'-DICHLOROBENZOPHENONE C 13 H 8 OCI 2 Bdl. Vn-420 

c\^ vni-(»»8) 

c=o 




B.P. 353® at 767 mm. M.P. 145® 

See 3 : 4270 . Division A : Solids. 

OCTACHLORONAPHTHALENE Cl Cl CioCl« Beil. V - 547 



B.P. 440-443® M.P. 303® 


See 3 : 4893 . Division A : Solids. 



CHAPTER XVI 


DIVISION B. LIQUIDS WITH BOILING POINTS REPORTED 
AT ORDINARY PRESSURE 


Section 2. less than 1.1600 

(3:7000-3:7499) 


3:7000 CHLOROACETYLENE 

HC^— Cl 

C2HCI 

BeU. I - 244 

(Chloroethyne) 



11- (106) 

12- (331) 

B.P. -89.6° (1) 




-33 to -30° (2) 





[See also dichloroacetylene (3:5010).] 

C is a gas with extremely nauseating odor reminiscent both of yellow phosphorus and 
of carbylamines; its inhalation even in traces prtxluces very unpleasant symptoms. It is 
also treacherously explosive and may detonate during manipulation (2). — C ignites 
spontaneously in air (6) (3). 

[For prepn. of C from as-l,2-dichloroethylene (3.5042) via treatment in dil. ale. with 
aq. 8dk. Hg(CN)2 to yield Hg(C=CCl)2 (sec below) which is then warmed (under N2) 
with alk. NaCN soln. see (1) (2) (3) <4)1 cf. (7). 

[For fornm. of C during reaction of 1,1,2,2-tctrachloroethane (acetylene tetrachloride) 
(3:5750) with solid KOH see <5); from l,2^ich]orfx^thylene with ale. KOH see <3) <4); 
from /3,/8-dichloroacrylic acid (3:1875) with Ba(OH)2 see <6_).l 

C with NH4OH/CUCI gives (3) (6) an explosive ppt. — C with NH40H/AgN03 gives 
(2) <3) a ppt. of silver salt, which is extremely explosive, detonating with great violence 
not only in dry state but also when moist and even under watery quantities as small as 0.1 g. 
causing considerable damage (2). 

C with aq. alk. Hg(CN)2 yields (3) (4) <1) (2) a mercury salt, Hg(C^CCl)2, cryst. from 
CHCI3 (1) <2) <3) <4), m.p. 185° <1) <4), 186° (2); explodes at 195° with flame and deposition 
of soot <3) <4). [This prod, with alk. KCN evolves C (use in prepn. of C as above).] 

C with Br2/aq. yields (6) l-chloro-l,l,2,2-tetrabromoethane [Beil. 1-95], m.p. 33-34° <6). 

[For other reactns. see <2) <7); for study of oxidation of C see (1).] 

3:7000 (1) Bashford, Fmelfeus, Briscoe, J. Chem. Soc- 1938 , 1358-1364. (2) Ingold, J. Chem* 

Soc. 135 , 1535-1536 (1924). (3) Hofmann, Kirmreuther, Ber. 43 , 4232-4238 (1909). <4) 

Hofmann, Kirmreuther, Ber. 41 , 314r“317 (1908). (5) Sastry, J. Soc. Chem. Ind. 35 , 450-452 

(1916). <6) Wallach, Ann. 303 , 87-94 (1880). (7) Ott, Dittus, Weissenburger, Ber. 70 , 87-88 


(1943). 

3 : 7005 CHLOROMETHANE 

CHs-Cl 

CHsCI Beil. I - 69 

(Methyl chloride) 


Ii-( 8) 

B.P. 

M.P. 


—24.22° at 760 mm. (1) 

-97.72° <1) 

® = 1.3830 <3) 

-23.7° at 760 mm. (3) <4> 

-06.65° (2) 
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Colorless gas with ethereal faintly sweet non-irritating odor. — Important comml. fluid 
for refrigerating systems; for extensive reviews of properties, uses, handling, toxicity, 
hazards, etc., see <4> (6> (6). — For b.p. at various pressures from 26-761 mm. together 
with extensive thermodynamic data see (1) (4). — Solubility of C (in cc.) in 100 cc. solvent 
at 20^0 and 760 mm.: water, 303; EtOH, 3740; AcOH, 3679; CCI 4 , 3756; CeHe, 4723 (4); 
for extensive data on solubility of C in other solvents see (7) (8) (9). 

[For prepn. of C from MeOH (1:6120) with cone. H 2 SO 4 -f NaCl (10); with cone. 
HCl + ZnCl 2 (yield: 79% (11), (12)); with HCl gas + various catalysts (13) (14) (15); 
with PCI 3 4 - ZnClz (68% yield (11)); with PCI 5 + ZnClg (72% yield (11)); with SOCI 2 + 
pyridine (80% yield (11)); with AICI 3 (100% yield (16)); with FeCls (17) (20) see indie, 
refs.; for prepn. of C from Me 2 S 04 with strong HCl (or NaCl) (90% yield (18)) or with 
AICI 3 (100% yield (19)) see indie, refs.] [For study of mechanism of formn. of C from 
MeOH -f HCl see (24).] [For formn. (53% yield) from NH 4 CI with diazomethane in 
ether see (36).] 

[For study of drying of C see (21); for detn. of aq. in C see (22); for study of pyrolysis 
see (23); for behavior with Na see (25).] 

C on warming with Nal in MeOH or EtOH gives (26) methyl iodide, b.p. 42°. [Use 
in detection and detn. of C (26).] 

C is inflammable in air within range 8.1-17.2% by vol. (4) (28) cf. (35). — [For study of 
detn. of C via combustion see (27) (29) (31) (32).] — C on burning in presence of copper 
^ves strong Beilstein test; [use in detection and detn. of C in air and foods (29); for 
testing device see (30)]. 

[For detn. of C by absorption in AcOH see (27); for detn. of small amts, of C in air (31) 
(37) or in mixts. with other gases (32) see indie, refs.] 

<@ Acetanilide: m.p. 112-113° u.c. (33). [From C via conversion to CHsMgCl and 
reaction with phenyl isocyanate (33): note that C with Mg in dry ether -j- trace I 2 
gives in 4 hrs. (99.7% yield) MeMgCl (38).] 

iV-Methyl-3-nitrophthalimide: ndls. from CS 2 , m.p. 112-113° (34). [Not recorded 

directly from C but from Mel by reactn. with K 3-nitrophthalimidc; probably there- 
fore from C -f Nal + K 3-nitrophthalimide in MeOH.] 

3:7005 (1) Messerly, Aston, J. Am. Chem. Soc. 63, 886-890 (1940). (2) Booth, Martin, J. Am. 

Chem. Soc. 04, 2201 (1942). (3) Grosse, J. Am. Chem. Soc. 60, 2739-2741 (1937). (4) Willson, 

Walker, Riuelli, Mars, Chem. Eng. News, 21, 1254-1261 (1943). (5) McGovern, Refrig. Eng. 34, 

29-38 (1937). (6) Churchill, Ind. Eng. Chem. 24, 623-626 (1932). (7) Zellhoefer, Ind. Eng. 

Chem. 29, 548-551 (1937). (8) Zellhoefer, Copley, Marvel, J. Am. Chem. Soc. 60, 1338 (1938). 
(9) Kaplan, Romanchuk, J. Gen. Chem. {U.S.S.R.) 6, 950-954 (1936), Cent 1937, II 1771; C.A. 
31, 594 (1937). (10) L. I. Smith, Org. Syntheses, CoU. Vol. 2 (1st ed.), 251-252, Note 3 (1943). 

(11) Clark, Streight, Trans. Roy. Soc. Can. (3) 23, III 77-89 (1929). (12) Norris, Taylor, 

J. Am. Chem. Soc. 46, 756 (1924). (13) McKee, Burke, U.S. 1,738,193, Dec. 3, 1929; Cent. 1930 

I 3829. (14) Carlisle (to Roessler & Hasslacher Chem. Co.), U.S. 1,834,089, Dec. 1, 1931; Cent. 

1032, I 1438. (15) Daudt (to du Pont), U.S. 2,016,075, Oct. 1,1935; Cent. 1936, I 2206. (16) 

Norris, Sturgis, J. Am. Chem. Soc. 61, 1415 (1939). (17) Harding (to Roessler & Hasslacher 

Chem. Co.), U.S. 1,816,845, Aug. 4, 1931; Cent. 1931, II 3392. (18) Bouhn, Simon, Compt. 
rend. 170, 595-597 (1920); C.A. 14, 2623 (1920). (19) Shamshurin, J. Gen. Chem. (U.S.S.R.) 9, 
2207-2208 (1939); C.A. 34, 4052 (1940). (20) Dangyan, J. Gen. Chem. (U.S.S.R.) 9, 1907-1910 
(1939); C.A. 34, 4052 (1940). 

(21) McGovern, Power 79, 579-580 (1935); C.A. 30, 654 (1936). (22) Walker, Rinelli (to 

Ansul Chem. Co.), U.S. 2,145.203, Jan. 24, 1939; Cent. 1939, I 3778. (23) Wiesler, Chem. Ztg. 
52, 182-183 (1928). (24) Hinshelwood, J. Chem. Soc. 1935, 599-601. (25) Morton, LeFevre, 

Hechenbleikner, J. Am. Chem. Soc. 58, 757 (1936). (26) Roka, Fuchs, Z. anal. Chem. 71, 381— 

386 (1927). (27) Allison, Meighan, Ind. Eng. Chem. 11, 943-946 (1919). (28) Jones, Ind. 

Eng. Chem. 20, 367-370 (1928). (29) Martinek, Marti, Ind. Eng. Chem., Anal. Ed. 3, 408-410 

(1931). (30) Lamb, U.S. 1,864,544, June 28, 1932; C.A. 20, 4214 (1932). 
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(31) Patty, Schrenk, Yant, Ind. Eng. Chem., Anal. Ed. 4, 259-262 (1932). (32) McKee, 
Burke, Ind. Eng. Chem. 16, 578-679 (1923). (33) Underwood, Gale, J. Am. Chem. Soc. 66, 2119 
(1934). (34) Sah, Ma, Ber. 66, 1632 (1932). (35) Willson, Walker, Ind. Eng. Chem. 36, 466- 
468 (1944). (36) Frankel, Katchalski, J. Am. Chem. Soc. 66, 764r-766 (1944). (37) FrankUn, 
Gunn, Martin, Ind. Eng. Chem.^ Anal. Ed. 18, 314-317 (1946). (38) Houben, Boedler, Fischer, 
Ber. 66 , 1768, 1774-1776 (1936). 

3:7010 CHLOROETHENE CHjf=CHC1 C 2H3CI BeB. I - 186 

(Vinyl chloride) Ii-( 77) 

l2-(167) 

B.P. -13.9° at 760 mm. (1) F.P. -159.7° (1) 

Colorless gas easily liquefied by cooling. — For b.p.’s at various pressures from 39.5- 
760.3 mm. see (1). — Readily polymerizes in light or in dark if catalysts are present. The 
literature on polymerization of C and on its polymers and copolymers is extremely extensive 
and cannot be treated here. 

[For prepn. of C from 1,2-dichloroethane (ethylene dichloride) (3:5130) by action of 
ale. KOH (85% yield (2)) see (2) (3); for prepn. of C from acetylene by addn. of HCl see 
(4) (5) (14) (15) -f Beil.; for purification of C with cone. H2SO4 see (8).] 

C as liq. + SO2 as liq. in 95% ale. + catalyst gives ppt. (6) of insol. pdr. of vinyl chloride 
poljrsulfone [ (CH2=CHQ)2.S02]n, darkens 135-140°, melts 250-275° (6); on hydrolysis 
with 20% aq. NaOH this polymer gives (7) acetaldehyde (1:0100) q.v. 

C adds HBr to give according to conditions (9) (10) either 100% 1-chloro-l-bromoethane 
(ethylidene chlorobromide), b.p. 82.7° at 760 mm. (11), b.p. 80.5-81.5° at 735 mm. (9), 
ni) = 1,4660 (9), or l-chloro-2-bromoethane (ethylene chlorobromide), b.p. 106.7° at 760 
mm. (12), b.p. 104-105° at 735 mm. (9), nf) = 1.4908 (9). [Note: the ethylidene chloro- 
bromide may be further identified by htg. with moist silver oxide in a s.t. for 5 hrs, at 100° 
giving acetaldehyde (1:0100) q.v.; the ethylene chlorobromide may be further identified 
by refluxing with aniline to yield V,-V'-diphenylethylcnediamine, m.p. 63.5-64° (9).] 

C with HI 3delds only (9) 1-chloro-l-iodoethane (ethylidene chloroiodide), b.p. 117-119° 
(13), 114-115° (9). 

C adds Br2 yielding (16) (17) l-chloro-l,2-dibromoethane, b.p. 159-160° (16); 163° at 
760 mm., 48° at 12 mm.; DL® = 2.248; wL® = 1.664 (17); for study of this photochem. 
reaction see (18). 

3:7610 ( 1 ) Dana, Burdick, Jenkins, J, Am. Chem. Soc. 49, 2802-2805 (1927). (2) Ostromys- 
slenski, J. Russ. Phys.-Chem. Soc. 48, 1132-1161 (1916); Cent. 1933, IV 606. (3) Brous (to 
B. F. Goodrich Co.), U.S. 2,041,814, May 26, 1936; Cent. 1936, II 4048. (4) Wibaut, van Dalfsen, 
Rec. trav. chim. 51, 636-640 (1932). (5) van Dalfsen, Wibaut, Rec. trav. chim. 53, 489-496 (1934). 
(6) Marvel, Glavis, J. Am. Chem. Soc. 60, 2622-2628 (1938). (7) Marvel, Dunlap, J. Am. 
Chem. Soc. 61, 2709-2710 (1939). (8) Dosser, Arnold (to Dow Chem. Co.), U.S. 2,266,177, 
Dec. 16, 1941; C.A. 36, 2271 (1942). (9) Kharasch, Hannum, J. Am. Chem. Soc. 56, 712-714 
(1934). (10) Kharasch, Haefele, Mayo, J. Am. Chem. Soc. 63, 2049 (1940). 

(11) St&del, Denzel, Ber. 15, 2663 (1882). (12) Timmermans, BuU. soc. chim. Bdg. 35, 300- 
327 (1911); Cent. 1911, II 1016. (13) Simpson, Bull. soc. chim. (2) 31, 411 (1879). (14) Toua- 
saint (to Carbide and Carbon Chem. Corp.), U.S. 1,926,638, Sept. 12, 1933; C.A. 37, 5766 (1933). 
(16) Perkins (to Carbide and Carbon Chem. Corp.), U.S. 1,934,824, Nov. 7, 1933; C.A. 38, 488 
(1934). (16) Foldi, Ber. 60, 669 (1927). (17) Kirrmann, BuU. soc. chim. (6) 6, 846 (1939), 
(18) Schmitz, Schumacher, Z. physik. Chem. B-53, 80-89 (1942). 
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3:7016 ETHYL CHLORIDE 

CH 8 CH 2 CI 

CsH^a B«iL I - 83 

(Chloroethane) 


ii-(a3) 




l2-(60) 

B.P. 


F.P. 


+13.1° 

at 760 mm. (1) (2) 

-142.5° (15) 

[Di‘ = 0.90380 (11)] 

12.6° 

(3) 

-141.6° (16) 

nS> = 1.3790 (10) 

[12.5-12.6° 

at 726 mm. (4)] 

-140° (17) 

Dii = 0.8510 (19) 

12.52° 

(5) 

-130.4° (18) 

n5*® = 1.3913 (2) 

12.50° 

(6) 

-138.7° (1) 

Df = 0.9176 (12) 

12.5° 

(7) (8) (9) 

-136.4° (11) 

n5*® = 1.4086 (2) 

12.4° 

(10) 


Dg = 0.93138 (20) 

12.3° 

at 760 mm. (11) 



12.18° 

at 760 mm. (12) 



12-12.5° 

(13) (14) 




Colorless mobile liq. with pungent ethereal odor and sweetish taste. — C is inflammable 
(see also below) and burns with smoky green-edged flame producing fumes of HCl. 


SELECTED PHYSICAL PROPERTIES 

Vapor pressure. [For vapor-press, data over various temp, ranges, e.g., from —30 to 
+40° (5), -30° to 100° (21), 12-187° (4) (22), see indie, refs.] 

Solubility relations. C is very spar. sol. aq., e.g., 100 g. aq. at 0° dis. 0.447 g. C (23), 
0.570 wt. % (24), although even this is somewhat more than its homologs (24). 

C is miscible with EtOH although forced out of soln. by addn. of aq. (25); for use of 
mixt. of EtOH (50-80%) + aq. (50-20%) as selective solv. for C in sepn. from butane 
see (26). — C is also miscible with ether. — [For study of rate of volatilization of C from 
solns. in ether or oils see (32),] 

[For soly. of C in CCU (3:5100) or in ethylene dichloridc (3:5130) at —10° and 20° 
and at 100-760 mm. press, see (27); for soly. of C in various high-boilg. ethers and esters 
of interest to refrigeration industry see (28) (29); for solubility, density, b.p., vapor/liq. 
equil., etc., of system C + kerosene see (30); for sepn. of C from butane by azeotropic 
distn. with SO 2 see (31).] 

[For soly. in C of anhydrous FeCla (33) (34) or anhydrous AlCls (35) (36) see indie, refs.] 

Adsorption of C. [For studies on adsorption of vapors of C by activated carbon at 
-15° (37), 0° (37) (38), 20° (37), 25° (39), or 50° (40) see indie, refs, and also (41); for sepn. 
of C from ethylene + HCl gas by adsorption on carbon see (42). — For adsorption of vapors 
of C by dehydrated chabasite see (43).] 

Inflammability of C or its mixtures. C is readily inflammable ; in mixts. with air explosive 
range conts. 4.00-14.18 vol. % C with minimum ignition temp. 517°C. (44) cf. (47) (48); 
in mixts. with O 2 explosive range conts. 4.05-67.2 vol. % C (44) (45) with min. ignition 
temp. 468°C. ; in mixts. with N 2 O explosive range conts. 2.1-32.8 vol. % C (45) cf. (46); 
for study of explosion range of C + C 2 CI 2 F 2 (“ Freon *') + air or C + butane + air see 
(49). — See also below under use of C as anesthetic. 

Other miscellaneous physical props. [For study of thermal conductivity of C see (50).] 

Binary systems contg. C. [For f.p./compn. data and diagram of system C + methylene 
(di)chloride (3:5020), eutectic, f.p. —140.7°, contg. 68.3 wt. % C, see (18); for f.p./compn. 
data and diag. of system C + EtBr (note no eutectic is formed) see (18); for system C + 
solid CO 2 sec (8).] 
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TOXICITY AND PHYSIOLOGICAL ACTION OF C 

Pull treatment of this topic is beyond the scope of this work; however, for lead references 
on its pharmacology (51), toxicity (52) (53) (54) (55), or anthelmintic props. (56) see indie, 
refs. — For use as narcotic and anesthetic see below. 

USES OF C 

Use for anesthesia and narcosis. [For general reviews on use of C as anesthetic see 
(57) (58) (59) (60); for use of C as dental anesthetic see (61) (62) (63); for short narcosis 
see (64) (65). — For data on mortality from use of C as anesthetic see (66). — For studies 
of explosion hazards with C or C + ether (67) especially in presence of X-ray apparatus 
(68) see indie, refs, (see also above under inflammability of C).] 

Use as a refrigerant. C either alone or mixed with other cpds. is often used in refrigerat- 
ing systems: e.g., for general survey of this aspect see (21); for examples of patents on use 
in refrigerating systems of C (70), of C (96%) + MeCl (4%) (3:7005) (71), of C (25%) + 
methylene (di)chloride (3:5020) (75%) (72), of C (40%) + EtBr (60%) (72), of C -f 
an ale. -f a hydrocarbon lubricant (74) see indie, refs. — For study of use of C with other 
suitable liq. in low-temp, cryostats see (18). 

Use as solvent for extraction of oils. For use of C as extremely volatile solvent for 
extraction of oils, fats, resins, perfumes, etc., see (75) (76) (77). 

Miscellaneous uses of C. 0 is now an important raw material in the prepn. of tetra- 
ethyllead for use as an anti-knock agent in gasoline; for further details sec below under 
chem. behavior of C toward metals. 

[For use of C in purification of metallic mercury see (78).] 

Because of its inertness toward ozone, its availability, and its low b.p., C is often used 
as solvent for ozonolysis. 


DETERMINATION OF C 

For detn. of C by pyrolytic dissociation at 900° into ethylene and HCl, followed by 
detn. of chloride ion with stand. AgNOa (42) (80) cf. (81) or by combustion with O2 in an 
explosion pipet to yield H2O, CO2 + HCl (47), see indie, refs. — For detn. of C by hydrolysis 
with excess std. N/2 ale. KOH in s.t. at 120° for 15 min. and back titration with N/2 
HCl see (79). 

For detn. of C in CHCI3 (3:5050) see (82); for detection of C in perfumes see (83). 

For further aspects of identification of C see below under ®. 

PREPARATION OF C 

C can be prepared from various sources and by many methods (see amplification below) ; 
however, for quick laboratory methods the most convenient are those from EtOH by htg. 
with AICI3 (1 mole) at 150° (97.6% yield (13)) and from diethyl sulfate with aq. CaCl2 
(63% yield (84)). 

From ethyl alcohol (1 : 6130). 

With hydrogen chloride or hydrochloric acid. [For prepn. of C from EtOH* by reactn. 
with HCl in absence of cat. under reflux (85) (86) or at 125° and 16 atm. (87), or 140° and 
24 atm. (88), see indie, refs.; for use of EtOH -h Wq- HCl see (89).] 

For prepn. of C from EtOH with cone. HCl in pres, of ZnCl2 (60% yield (7) (91)) see 
articles represented by (90) (7) (91) (92) (93) [for patents (often including also other metal 
salt cat. such as BiCla, etc.) see (94)-(102), incl.j. 

[For prepn. of C from EtOH + HCl in pres, of H8PO4 (103) (104) (105) or H2SO4 (106) 
or EtHS04 (107) see indie, refs.) 
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By use of rnstal sails. For prepn. of C from EtOH by use of AICI 3 at 160® (97.6% yield 
<13)) or of aq. FeCls at 80° (108), or by reflux with subl. FeCL for 1 H lira. ( 86 % yield ( 112 )), 
see indie, refs. 

By use of inorganic acid chlorides. For prepn. of C from EtOH by use of PCI 3 (43% 
yield (109)), PCI 3 + ZnCl 2 (62% yield (91)), PCI 5 4- ZnCl 2 (70% yield (91)), SOCl* + 
pyridine (75% yield (91)), or SO 2 CI 2 4 pyridine (110) see indie, refs. 

By use of organic acid chlorides. [For prepn. of C from EtOH with benzotrichloride 
(3:6540) 4 FeCls see (111).] 

From diethyl ether (1:6110). 

By cleavage rvith HCl 4 a catalyst. [For prepn. of C from diethyl ether with HCl 4 
ZnCl 2 (113) at 80-280° under press. (114) or at 300-370° under press. (115), or with HCl 4 
AlCls/NaCl/FeCls at 200-325° (116), or with HCl 4 a nitrogen heterocyele (117) see 
indie, refs.] 

By cleavage with acid chlorides 4 a catalyst. [For prepn. of C from diethyl ether with 
SOCI 2 or S 2 CI 2 in pres, of SnCU or TiCU (118); or with SOCI 2 4 ZnCh (119) ; or with benzoyl 
chloride (3:6240) in pres, of Zn (120) cf. (121), ZnC ]2 at 150° (78% yield (122)) cf. (123) 
(124), MeZnI (125) or AICI 3 (126); or with phthalyl (di)chloride (3:6900) in pres, of ZnCh 
at 170° (80% yield ( 122 )); or with acetyl chloride (3:7065) in pres, of ZnCl 2 (127) or AICI 3 
(126) see indie, refs.] 

[For formn. of C from diethyl ether 4 CHCI 3 (3 : 5050) 4 cat. at 290° and 25 atm. see 
(128).] 

From various ethyl esters of inorganic and organic acids. [For prt'pn. of C from diethyl 
sulfate with aq. CaCh as lab. method (63%, yield (84)) or as manufacturing process (129); 
from diethyl sulfate with cone. ITCl at 140° and 24 atm. (130); from ethyl chlorosulfonate 
with fumg. HCl at 100° (91% yield (131)) (132) cf. (189), pyridine (133), or di-n-butylamine 
at 100° (53% yield (134)) see indic. refs ] 

[For prepn. of C from ethyl formate (1:3000) with AICI 3 (1 mole) at 110° (82% yield 

(135) ); from ethyl chloroformate (3:7295) on htg. at 250° (for study of this reaction see 

(136) (137)), with dimethylaniline at 150° (138), with pyridine (139), with quinoline at 
100° (139) or even 59° (140) (141), or with AICI 3 at room temp. (142), or with EtHS 04 
(143) see indic. refs.] 

[For prepn. of C from ethyl acetate (1:3015) with subl. FeCls on 114 hrs. reflux (73% 
yield (112)), or with SiCU (144), from ethyl benzoate (1 :3721) with subl. FeCls on IH hrs. 
reflux (74% yield (112)); or from diethyl phthalate (1:4331) wdth phthalyl (di)cUoride 
(3:6900) 4 trace ZnCl 2 at 130° (145) see indic. refs.] 

From vinyl chloride (3:7010). [For prepn. of C from vinyl chloride by cat. hydrogena- 
tion at elev. temp, and press, sec (146).] 

From ethane. [For prepn. of C from ethane with CI 2 above 290° in pres, of ethylene or 
PbEt 4 as cat. (yields 67.8-71.4% (147)) (148) see indic. refs. — For examples of other 
patents on prepn. of C from ethane with CI 2 m pres, of various cat. (149) (150) (151) (152) 
(153) see indic. refs.] 

From ethylene. The preparation of C from ethylene by catalytic addn. of hydrogen 
chloride has been extensively studied both in the scientific and in technical literature. 
At very low temperatures, the catalyzed reaction is quantitative, but as the temperature 
is increased the reverse reaction (dissociation of C into ethylene and HCl) is favored. 

[For studies on the prepn. of C from ethylene with HCl in pres, of AICI 3 or BiCls at —78° 
(100% yield (3) (155)), or as high as -12° (95% yield (154) (155)) or 130° (37% yield 
(42)), see indic. refs.; for studies on equilibrium at 114° and 124° (156), at 170°, 200°, and 
230° (157) or for calcn. of entropy of system (158) see in^c. refs.; for study of various cat. 
see (159).] 
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[The patent literature on prepn. of C from ethylene + HCl is extensive and overlapping, 
but illustrative examples may be cited. For patents involving use of Aids (160) (161) 
under pressure (162) (163) (164) (165) in the pres, of a solvent (often C itself) (162) (166) 
(167) (168) (190) see indie, refs. — For use of ethylene + mixt. of HCl (90%) + CI 2 
(10%) + AICI 3 (169) (170) or for prepn. (171) or revivification (172) of Aids cat. see indie, 
refs.] 

(For patents on prepn. of C from C 2 H 4 + HCl with various cat., e.g., with BiCls (173) 
(174) (175), with anhydrous EtHS 04 (176), with^SnCU on activated carbon at 150® (177), 
with bauxite cat. (178), with iron oxide cat. at 50® and ord. or increased press. (179), with 
BaCL at 250® (180), with FeCla in C or Aids m nitrobenzene (181), with ZnCls on acti- 
vated carbon, silica gel, etc., (182) (183), with various surface agts. (184) (185), with SO 2 
(186), with 90% H 2 SO 4 -h NaCl (188), or in liq. ethyl chlorosulfonate + Bids (189) see 
indie, refs.] 

[For purification of C obtd. from techn. gases by HCl method see (187).] 

From miscellaneous sources. [For formn. of C from EtBr with CHCls (3:5050) in 
pres, of AICI 3 at 50® (191), from EtMgBr during reaction with S 2 d 2 (192) or with 1 , 2 - 
dichloroethylene (3:5030) (193), from EtI with HgsCls in s.t. at 140® ( 12 ), from ethyl a,j 8 - 
dichlorovinyl ether (3 : 5540) with CI 2 at ord. temp, followed by warmg. or stdg. in absence 
of aq. (194), or from dichloroacetaldehyde diethylacetal (3:6110) with ZnEt 2 (195) see 
indie, refs.] 

[For formn. of C from succinic acid (1:0530) with aq. FeCls in sunlight (196) or from 
MeCl (3:7005) + aq. by disproportionation over cat. at 200-275° (197) see indie, refs.] 

CHEMICAL BEHAVIOR OF C 
Pyrolysis op C 

C passed through plain tube at 410® is largely unchanged, but C passed at 550° through 
tube contg. pumice (198) cf, (42) or other cat. (199) dissociates completely into ethylene -f 
HCl (use in detn. of C (42)). 

Behavior of C with Inorganic Reactants 

Chlorination. [C with liq. CI 2 (1 mole) in u.v. light and cooling yields (200) mainly 
1,1-dichloroethane (3:5035) accompanied by some 1,2-dichloroethane (3:5130) and higher 
chlorination prods.; the two dichloroethanes are also obtd. from C with CI 2 -f- aq. (201). — 
For very impt. study of behavior of C with CI 2 at 202-380° see ( 202 ) (147).] 

[C with SbCls in s.t. at 100 ° (203) or C with NCI 3 (204) yields 1,2-dichloroethane (ethylene 
dichloride) (3:5130).] 

Bromination. [For behavior of C with Br 2 see (207) (208).] 

Fluorination. [C at 900® with F2 in pres, of Cu yields (205) CF4, CF3CI, CF8.CF2CI, 
CHF2.CH2CI, CF2=CCl2, and other prods.] 

Hydrogenation. [For behavior of C with atomic hydrogen see (206).] 

Hydrolysis. [C over suitable partially dehydrated Al(OH )8 at room temp.* (209), or 
C -f- aq. vapor over cat. at 300-500° at ord. press. (210) ( 211 ) ( 212 ), or C with aq. NaOH 
above 150® under press. (213), or C with ale. NaOH (214)j^alc. Na 2 C 08 , MgO, or CaOe (215) 
is saponified 3 rielding EtOH (1 : 6130). — The reaction of C with EtOH/KOH is bimolecular 
(216); furthermore during hydrol. of C with alk. some diethyl ether is always formed cf. 
(213) (214) and the reaction may be adapted to its prepn. (217).] 

Amination. [C with ale. NHs in s.t. at 1 (X)® (218) or 0 with liq. NHs at 220° and 220 
atm. press. (219) gives salts of ethylamine, diethylamine, triethylamine, and other prods. — 
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C with NaNH: in liq. NH> at 0° and 20 atm. gives ethylamine (30% yield (220» and ethy- 
lene.] 

Behavior of C with inorganic acids. [O passed through boilg. H2SO4 gives C2H4 -f 
SO2 + HCl; C is absorbed by SOa giving a liq. which probably comprises a mixture of ethyl 
chlorosulfonate, /S-ehloroethanesulfonic acid, and /9-hydroxyethanesulfonyl chloride <221).] 
Behavior of C with inorganic salts. [For study of rate of reaction of O with K1 in acetone 
at 50® and 60® see <222). — C with AlBra under suitable cond. yields <223) ethyl bromide.] 
Behavior of C with metals. With sodium. The most important reaction of C with 
metals is that involved in the manufacture of tetraethyllead for use as an anti-knock agent 
in motor fuels. Tetraethyllead is prepared for C either by direct reaction with Na/Pb 
alloys, or by reaction with Mg and subsequent conversion of the EtMgCl by means of 
PbCla. For a general survey (without references) on the manufacture of tetraethyllead 
see <224). 

For patents involving the prepn. of Et4Pb from C by reactn. with Na/Pb allo3rs under 
various circumstances see <225)-<244) incl. ; for patents involving the use of EtMgCl see 
<245)-<248) incl. 

[For behavior of C with Na in Igr. followed by CO2 <249) or with amyl-sodium or octyl- 
sodium <250) see indie, refs. — C with K/Na alloy in xylene gives <251) ethane (32%) 
and ethylene (5.5%). — C with Tl/Na yields <252) TlEta-] 

With magnesium. [C with Mg in s.t. at 260® for 4 hrs. gives <253) gas (consisting of 
45% butane -f 20% olefins + 22% H2) and a white solid which with aq. gives a gas contg. 
86% H2 + 13% ethane.] 

C with Mg in dry ether in absence of air and in pres, of trace of I2 gives (99.7% yield 
in 4 hrs. <254)) EtMgCl; this reagt. is actually an equil. mixt. contg. 25% EtMgCl + 
42.5% MgEt2 + 42.5% MgCb <255). — For study of competitive reaction with Mg in 
ether of an equimolar mixt. of C + EtI yielding 27% EtMj^l + 73% EtMgl see <256). 
— [For reactn. of EtMgCl with NH4CI or triethylamine.HCl <254), with NH2CI (257), or 
with NCI3 <258) see indie, refs.; for study of electrolysis of EtMgCl in ether see <259). — 
For reactn. of EtMgCl with PbCl2 yielding PbEt4 see <245)-<248) incl.; with CeHsNCO 
yielding propionanilide sec below under (©’s.] 

Behavior of C with Organic Reagents 

[C with CeHe + Al/Hg gives (76% yield <260)) ethylbenzene (1:7410); C -f hexane + 
AICI3 gives <261) octane.] 

[C with CO + AICI3 at 40-50® and 120 atm. followed by treatment with H2O gives 
(43% yield <262)) <263) propionic acid (1:1025).] 

[C with ethylene oxide (1:6105) + AICI3 gives <264) a mixt. contg. 4-chlorobutanol-l 
(3:9170) + ethylene chlorohydrin (3:5552).] 

[C may be used for the ethylation of OH groups or NH2 groups: e.g., for reaction of C 
with sodium phenolate yielding <265) ethyl phenyl ether (_1 : 7485) or for use of C in ethyla- 
tion of cellulose <266) <267) see indie, refs.; for use of C in ethylation of metanilic acid 
<268) <214) <215), o-toluidine <269), or m-aminophenol <268) see indie, refs.] 

[For condens. of C with hexamethylenetetramine see <270).] 

[C (2 moles) with ethylene (di)bromide (1 mole) -f- 3% AICI3 in steel bomb at 25® for 
14 da3rs undergoes a redistribution reactn. yielding <271) a mixt. consisting of 5 cpds., viz., 
C (35 mole %) + EtBr (30 mole %) + ethylene chlorobromide (17 mole %) + ethylene 
(di)bromide (11 mole %) -f- ethylene dichloride (3:5130) (7 mole %).] 

[C (1 mole) with quinoline (1 mole) in s.t. in direct sunlight reacts only very slowly 
(incomplete in 1 year) but grad, separates ethylquinolium chloride, cryst. from abs. EtOH 
by addn. of dry ether, m.p. 122® <290).] 
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(P Propionanilide: m.p. 104.0-104.5° u.c. <272). (See also under propionic acid 
(1:1025).) (From C by conversion to EtMgCl (see above) and reactn. in dry ether 
with phenyl isocyanate <272).] 

Propion-p-toluidide : m.p. 123°. [Presumably obtainable <272) from C via con- 
version to EtMgCl (see above ) and reaction in dry ether with p-tolyl isocyanate.] 

Propion-a-naphthalide: m.p. 126° u.c. <273). [Presumably obtainable <272) from 

C via conversion to EtMgCl (see above) and reaction in dry ether with a-naphthyl 
isocyanate; the analogous process for EtBr has been reported <273).] 

Ethyl mercuric chloride; m.p. 193.5° cor. <274), 192.5° <275), 192° <276). [Prepd. 

indirectly <276); but should be preparable from EtMgCl with HgCl 2 since corresp. 
EtHgBr has been reported <276) from EtMgBr -f IIgBr 2 . — Note that m.p. of EtHgCl 
is almost identical with that (193.5°) of EtHgBr cf. <276).] 

iS-(£thyl)isothiourea picrate: m.p. 188° <277). [Not r(*ported from C, but readily 

obtd. from EtBr or EtI <277) <278) (1 g.) with thiourea (1 g.) in ale. (10 ml.) on re- 
fluxing for 2 hrs., then adding PkOH (1 g.), htg. until clear soln. results, then cooling 
<277). — Note that the m.p. of this prod, is very close to those of <8- (sec-butyl )isothio- 
urea picrate, m.p. *190° <278), and jS-bcnzylisothiourea picrate, m.p. 188° <277).] 

Af-Ethylphthalimide: [Beil. XXI-461, XXL- (363)], ndls. from ale., m.p. 79° <279), 

78° <280). [Prepd. indirectly <280), also from EtI with potassium phthalimide in 
s.t. at 150° <279).] 

iV-Ethyl-3-nitrophthalimide: pi. from CS 2 , m.p. 105 -106° (281) <282); for photo- 
graphs of crystals see (282). [Not reported from C itself, but obtd. from EtBr with 
K phthalimide on protracted reflux. <281).] 

Af-Ethyltetrachlorophthalimide: pi. from CHCI3 on pouring into 2 vols. EtOH, 

m.p. 192-193° <283). [Not reported from C but obtd. from EtBr or Etl with K tetra- 
chlorophthalimide in s.t. at 200° for 6 hrs. <283).] 

Af-Ethylsaccharin : cryst. from dil. ale., m.p. 94° <284). [This prod, cannot be 

obtd. from C itself <284) but is obtd. from either EtBr or EtI with sodium saccharin 
in aq. butylcarbitol (1:6517) contg. KI on refluxing for 30 min. (284).] 

A^-Ethyl-^-(p-bromobenzenesulfonyl)-p-anisidide: m.p. 113.5° u.c. <285). [Not 

reported from C but obtained from EtBr with iY-(p-bromobenzenesulfonyl)-p-anisidide 
<285).] 

p-Ethoxybenzoic acid; m.p. 195° <286) cf. <287). 

Ethyl 2,4,6-triiodophenyl ether: m.p. 83.5° cor. <288). 

Ethyl a-naphthyl ether; oil, b.p. 280.5° cor., f.p. below -10° <289). (Corresp. 

picrate, m.p. 118.5-119.5° cor.; Neut. Eq, 401 <289).) 

Ethyl /3-naphthyl ether: m.p. 35.5-36.0° cor., b.p. 282° cor. (289). (Corresp. 

picrate, m.p. 101.0-101.5° cor., Neut. Eq. 401 <289).) 
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II 858; [C.A. 31, 2229 (1937)1. (266) Nikitin, Rudneva, J. Applied Chem. iU.S.S.R.) 6, 45-59 

(1933); Cent. 1934, I 1415, C.A. 27, 5964 (1933). (267) Nikitin, Rudneva, J. Applied Chem. 

(U.S.S.R.) 6, 716-720 (1933); Cent. 1934, II 537; C.A. 28, 3891 (1934). (268) lamaU’skii, 
Popov, J. Applied Chem. (U.S.S.R.) 12, 776-785, 786-789 (1939); C.A. 34, 3246 (1940). (269) 
Tolmachev, Trans. Lem}igrad Chem.-Tech. Inst. 1, 119-124 (1934); C.A. 29, 2930 (1935); not in 
Cent. (270) Sheppard, Adams (to Naugatuck Chem. Co.), U.S. 1,471,213, Oct. 16, 1923; Cent. 
1926, II 2500; C.A. 18, 155 (1924): Brit. 207,499, Jan. 23, 1924; Cent. 1926, II 2500; C.A. 18,' 
1590 (1924). 

(271) Calingaert, Soroos, Hnizda, Shapiro, J. Am. Chem. Soc. 62, 1545-1547 (1940). (272) 
Underwood, Gale, J. Am. Chem. Soc. 56, 2117-2120 (1934). (273) Gilman, Furry, J. Am. Chem. 

Soc. 50, 1214-1216 (192S). (274) Marvel, Gauerke, Hill, J. Am. Chem. Soc. 47, 3009-3011 (1925). 

(275) Crymble, J. Chem. Soc. 105, 668 (1914). (276) Slotta, Jacobi, J. prakt. Chem. (2) 120 , 
274 (1928). (277) Brown, Campbell, J. Chem. Soc. 1937, 1700. (278) Levy, Campbell, J. 

Chem. Soc. 1939, 1443. (279) Graclw, Pictet. Ann. 247, 302-303 (1888). (280) Wanag, Vein- 

bergs, Ber. 75, 1569 (1942), 

(281) Sail, Ma, Ber 65, 1630-1633 (1932). (282) Sah, Ma, Sci. Repts. NcUl. Tsing Hua Univ. 

2, 147-149 (1933). (283) Allen. NicholLs, J. Am. Chem. Soc. 56, 1409-1410 (1934). <284) 

Meiritt, Levey, Cutter, J. Am. Chem. Soc. 61, 15-16 (1939). (285) Gillespie, J. Am. Chem. Soc. 

56, 2740-2741 (1934). (286) Bennett, Jones, J. Chem. Soc. 1939, 421. (287) Lauer, Sanders, 

Leekley, Ungnade, J. Am. Chem. Soc. 61, 3050 (1939). (288) Drew, Stiirtevant, J. Am. Chem. 

Soc. 61, 2606 (1939). (289) V. H. Dermer, O. H. Dermer, Ory Chem :i, 291 (1938). (290) 

Dehn, Cope, J. Am. Chem. Soc. 48, 2636-2637 (1926). 

3: 7030 2-CHLOROPROPENE-l Cl (^sHsCl Beil. I - 198 

(Isopropcnyl chloride A riri 

a-methylvinyl chloride) ^ ^ l2>(169) 

B.P. F.P. 

32.65^* at 760 mm. (1) -138.6° (2) D? = 0.918 (5) n|? = 1.3949 (4) 

33.6° at 760 mm. (2) -137.4° (1) 

33.5-33.5° at 760 mm. (3) 

31.7-31.8° at 743 mm. (4) 

[For prepn. of C (45%) together with 2,2-dichloropropnnc, b.p. 70° (3:7140) (55%), 
from acetone (1:5400) -r PCls see (6) (7) (9); from 2,2-dichloropropanc (3:7140) + ale. 
KOH(3)or KOAm iiiAmOH (10);forprcpn.of C (together with l-chloropropene-l (3:7030)) 
from 1,2-dichloropropane (3:5200) + ale. KOI! see (11) (12) (13); for prepn. of C together 
with cyclopropane (b.p. —34°) from a mixt. of 1,3-dichloropropane (3:5450) + 1,2,2- 
trichloropropanc (3:5475) on treatment with Zn see (14).] 

C with MeOH forms a const.-boilg. mixt., b.p. 22.0°, contg. 97% C + 3% MeOH (15). 
C treated with cone. H2SO4 and (after evoln. of HCl has ceased) poured into much aq. 
and steam-distd. (16) or C htd. with 10 vols. aq. in s.t. at 140-180° (17) yields acetone 
(1 :_5400) q.v. 

C adds Br2 yielding (8) (12) 2-cliloro-l,2-<libromopropane [Beil. I-lll], b.p. 169-170° 
cor. (12). 

C adds HBr fairly readily; in the presence of air or of antioxidants in vacuo, the product 
is pure 2-chloro-2-bromopropane, b.p. 91.0-92.0° at 740 mm., 34.6-34.8° at 100 mm., 
wi? = 1.4575 (4); in the presence of organic peroxides the major reactn. prod, is 2-chloro- 
1-bromopropane, b.p. 117.6-118.0° at 740 mm., 52.2-52.8° at 75 mm., np = 1.4778 (4). 
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3 s 7020 (1) Timmermans, BvU. soe. chim. Belg. 27, 334~343 (1913); Cent. 1914, I 618. (2) Tim- 
mermans, Bull. 80C. chim. Belg. 36, 504 (1927). (3) Kahovec, Kohlrausch, Z. phyeik. Ch^. B-46, 
178 (1940). (4) Kharasch, Engelmann, Mayo, J. Org. Chem. 2, 288-302 (1938). (5) Linnemann, 
Ann. 138, 125 (1866). (6) Hexme, Renoll, J. Am. Chem Soc. 69, 2435 (1937). (7) Stewart, 

Weidenbaum, J. Am. Chem. Soc. 58, 98 (1936). (8) Friedel, Ann. 112, 236-238 (1859). (9) 

Friedel, Ann. 134, 265 (1865). (10) West, Farnsworth, Trane. Faraday Soc. 27, 147 (1931). 

(11) Goudet, Schenker, Helv. Chim. Acta 10, 136-137 (1927). (12) Reboul, Ann. chim. (5) 
14, 462-464 (1878). (13) Young (to Carbide and Carbide Corp.), U.S. 1,752,049, March 25, 
1930; Cent. 1930, II 1280. (14) Hass, Hinds (to Purdue Research Foundation), U.S. 2,235,762, 

March 18, 1941; C.A. 36, 4042 (1941). (15) Lecat, Rec. trav. chim. 46, 242 (192^. (16) Oppen- 
heim, Ann. Suppl. 6, 364-366 (1868). (17) Linnemann, Ann. 161, 66 (1872). 

3; 7022 ETHYL HYPOCHLORITE CH8.CH2OCI C2H6OCI BeU. I - 324 

11- (164) 

12- (325) 

B.P. ae” at 768 mm. (1) = 1.013 (1) 

36° at 762 mm. (2) 

{See also ter-butyl hypochlorite (3 : 7165).) 

Colorless oil (rapidly turning yellow in light) with odor like hypochlorous acid. — C 
explodes on superhtg. its vapor or even in cold upon addn. of Cu powder or in bright sun- 
light — C gradually decomposes on stdg. in diffuse light with formn. of ethyl acetate and 
other prods. (3) (4) (10). [For study of stability of C in aq. or in CCI4 soln. see (4).] — 
Sol. ether, CeHe, CHCI3; for distrib. of C between aq. and CCI4 see (4). 

[For prepn. of C from EtOH (1:6130) with CI2 in cold aq. alk. (2) (5) (1) (6) (7) j8) (9) 
or alk. earth (9) or with aq. HOCl in pres, of CCI4 (4) see indie, refs.; for formn. of C from 
EtOH (1:6130) with CI2 at -18° (8) or with dry Ca(OCl)2 (15) or aq. HOCl (15) (16) see 
indie. refs.J 

C is able according to prevailing circumstances to act as an oxidizing agent, chlorinating 
agent, or for addn. to unsaturated linkages: furthermore since in aq. 0 is extensively 
hydrolyzed (69% in sat. aq. soln. (4)) it may serve as source of HOCl; examples of these 
reactions are given below. 

C with inorganic reactants. C with KI 4- AcOH liberates I2 quant, according to the 
equation C2H6OCI + 2HI — ♦ C2H5OH + HCl + I2 (use in quant, detn. of C (2) (4) (7)); 
C with dil. alk. NaaAsOa gives (11) (12) EtCl (3:7015) + Na3As04; C in dil. alk. KSH/ 
KCN mixt. gives (12) KSCN + KCl + EtOH. 

[C adds to dry SO2 yielding (5) ethyl chlorosulfonate [Beil. 1-327, 12-(327)I, b.p. 151-154° 
dec., n}f = 1.4174.] 

4C (1 mole) with KCN (2 moles) in 7 pts. aq. at —5° gives (30% yield (13)) ethyl cyano- 
imino^rmate [Beil. 11-549, IIi-(238), Il2-(511)], oil, b.p. 133° dec., accompanied by a little 
diethyl di-imino-oxalate [Beil. 11-547, IIi-(238)], m.p. 38°, b.p. 172° strong dec.; in aq. ale., 
however, the same components give (13) diethyl iminocarbonate [Beil. III-37, IIIi-(18), 
IIl2-(31)], oil, b.p. 141° cor., accompanied by diethyl di-iminooxalate (see above).] 

C with organic reactants. [C with EtOH (1:6130) yields (8) acetaldehyde (1:0100), 
acetaldehyde diethylacetal (1:0156), and paraldehyde (1:0170). — C with acetaldehyde 
(1:0100) at 0° followed by distn. of the mixture with anhyd. oxalic acid yields (3) chloro- 
acetaldehyde (3:7212).] 

[C with acetone (1:5400) yields (3) chloroacetone (3:5425); C with methyl phenyl 
ketone (acetophenone) (1:5515) yields (3) oHjhloroacetophenone (phenacyl chloride) 
(3: 1212); C with benzddehyde (1:0195) yields (3) benzoyl chloride (3:6240).] 

[C with phenol in CCI4 yields (3) both o-chlorophenol (3:5980) and p-chlorophenol 
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(3:0475); G with hydroquinone (1:1590) in ether gives (3) 2,3-dichlorohydroquinone 
(3:4220).] 

C with phenyl MgBr in ether at 0® gives (60% yield (14)) (1) chlorobenzene (3:7903). 
[C with phenylacetylene (1:7425) in CCU yields (3) wjoHiichloroacetophenone (3:6835).] 
[C with cyclohexene (1:8070) in CCU yields (3) 2-chlorocyclohexanol>l (3:0175); for 
reactn. of C with indene (1:7522) or with 1,4-dihydronaphthalene see (3).] 

[C with olefins adds to the unsatd. linkage to give chlorohydrin ethyl ethers (a process 
now generically designated as chloroalkoxylation): e.g., C with ethylene yields (15) (17) 
/8-chloroethyl ethyl ether (ethylene chlorohydrin ethyl ether) (3:7463); C with amylene 
gives (3) a corresp. prod.; the rate of addn. of C to olefins increases from ethylene to amylene 
(18). — For extensive studies on the prepn. of chlorohydrin ethers from olefins by use of 
ales. + iV,iV'-dichlorobenzenesulfonamide (which mixture appears to generate ROCl as 
the active addn. agent) see (18) (19) (20) (21).] 

[C has, however, but shght tendency to add to unsaturated acids: e.g., C in CCU has no 
actn. (22) on cinnamic acid (1:0735); C in dry ether or CCU with crotonic acid (1:0425) 
or sorbic acid gives only traces (23) of the expected prods. — C in CCU with hexen-3-oic 
acid-1 (hydrosorbic acid) [Beil. 11-435, IIi-(193), Il2-(404)] gives addn. to extent of 92% 
in 3 days (23), but the prod, is not a chloro^thoxy-hexanoic acid and consists entirely of 
a mixt. of two stereoisomeric /3-chlorohexanoic lactones.] 

3:7022 (l) Durand, Naves, BuU. soc. chim, (4) 37, 717-723 (1925). (2) Sandmeyer, Ber. 18, 

1767-1769 (1885). (3) Goldschmidt, Endres, Dirsch, Ber. 68, 572-577 (1925). (4) Taylor, 

MacMullen, Gammal, J. Am. Chem. Soc. 47, 395-403 (1925). (5) Sandmeyer, Ber. 19, 857-861 

(1886). (6) Schaefer, Z. phyeik. Chem. 93, 316 (1919). (7) Chattaway, Backeberg, J. Chem. 

Soc. 123, 2999-3003 (1923). (8) Chattaway, Backeberg, /. Chem. Soc. 126, 1097-1101 (1924). 
(9) Deanesly (to Shell Development Co.), U.S. 1,938,175, Dec. 5, 1933; Cent. 1934, I 1709; C.A. 
28, 1053 (1934). (10) Durand. Naves, BuU. aoc. chim. (4) 37, 1152-1154 (1925). 

(11) Gutmann, Z. anal. Chem. 60, 232 (1925). (12) Gutmann, Ber. 60, 1717-1718 (1917). 

(13) Nef, Ann. 287, 274-275, 298-299 (1895). (14) LeFevre, Markham, /. Chem. Soc. 1934, 
703-704. (15) Sukhnevich, Chilingaryan, J. Gen. Chem. {U.S.S.R.) 2, 783-789 (1932); Cent. 

1933, II 1170; C.A. 27, 2670 (1933). (16) Schmitt, Goldberg, J. prakt. Chem. (2) 19, 393-396 

(1879). (17) Sukhnevich, Chilingaryan, Ber. 68, 1210 (1935). (18) Sklyarov, J. Applied Chem. 

{U.S.S.R.) 12, 1835-1839 (1939); Cent. 1940, II 607-608; C.A. 34, 7843 (1940). (19) Sklyarov, 
J. Gen. Chem. (U.S.S.R.) 9, 2121-2125 (1939); Cent. 1940, II 199-200; C.A. 34, 4055 (1940). 
(20) Likhosherstov, Sklyarov, Acta Univ. Voronegienaia 8 , No. 2, 47-53 (1935); Cent. 1936, II 
2524; C.A. 32, 4524-4525 (1938). 

(21) Likhosherstov, Alekseev, J. Gen. Chem. (U.S.S.R.) 4, 1279-1282 (1934); Cent. 1936, I 
4287; C.A. 29, 3306 (1935). (22) Jackson, Pasiut, J. Am. Chem. Soc. 49, 2079 (1927). (23) 
Bloomfield, Farmer, J. Chem. Soc. 1932, 2065, 2070-2071. 


,7025 2-CHLOROPROPANE 

Cl C 3 H 7 CI 

BeU. I - 105 

(Isopropyl chloride) 

CHs— <!:— CH, 

1 

Ii-( 34) 
73) 



H 


B.P. 

F.P. 

’ (8) = 0.84381 (8) 


36-37® 

(1) -117.0' 


36.5® at 760 mm. 

( 2 ) ( 6 ) 

= 0.86168 (8) 

tiS = 1.377 (17) 

36.3-36.5® U.C. 

(3) 

0.8610 (7) 


36.35® 

(4) 

Dl® = 0.86797 (8) 

n}} =. 1.38110 (8) 

36.0® at 760 mm. 

( 6 ) 



35.5® at 767 mm. 

(7) 



34.8 at 760 mm. 

( 8 ) 



34.5’ at 740 mm. (43) 
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Colorless limpid liquid with not unpleasant odor. — Aim. insol. aq. [for precise data see 
(9) <10) {11).] — [For use as refrigerant see (12).] 

C with MeOH, b.p. 64.7°, forms const.-boilg. mixt., b.p. 33.4°, contg. 94 wt. % C (4); 
C with Eton, b.p. 78.3°, forms const.-boilg. mixt., b.p. 35.6°, contg. 97.2 wt. % C (4) 
(for other azeotropes see Beil. l2-(72).] 

[For prepn. of C from propanol-2 (1.6135) with cone. HCl + ZnCl 2 (yield: 70-76% 
(13)) (14) (15) (16) (17) (43); with PCI 3 + ZnCh (74% yield (15)); with PCh + ZnCl 2 
(66% yield (15)); with SOCI 2 + pyridine (80% yield (15)); or with AJCI 3 (70% yield (18)) 
see indie, refs., for prepn. from propylene by addn. of HCl under various conditions see 
(19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30).] 

[For formn. of C (together with other products) by actn. of CI 2 on propane see (31), for 
further actn. of CI2 on C see (3).] — [For isomerization of 1-chloropropane to C in presence 
of metallic catalysts see l-chloropropane (3:7040).] — [For purification of C with cone. 
H2SO4 see (32).] 

C on hydrolysis yields propanol-2 (1:6135). [For study of this reactn. see (2); for use 
in mfg. of propanol-2 see (33).] 

[For reactn. of C with KI in acetone see (1).] 

C with Mg in dry ether gives (90% yield (17), 93.9% (44)) RMgCl (for reactions of 
this see below). 

[For study of behavior of C with CaHe or toluene in pure HCl under press, see (45); for 
behavior with CeHe + Al/Hg see (46).] 

(g) IsobutyranUide: m.p. 10.5° (34); 104-105° (35); u c. (36); 103° cor. (37). [From C 
(36) or from isopropyl bromide (37) via conversion to RMgX and reactn. with phenyl 
isocyanate.] 

Isobutyr-^-toluidide: m.p. 108.5-109.5° (38); 106-106.5° (39). [Presumably 

similarly obtainable via RMgCl -f- p-tolyl isocyanate but not actually so recorded.] 
Isobutyr-a-naphthalide: unrecorded. 

S-(Isopropyl)isothiourea picrate: m.p. 196° (40). [From isopropyl bromide on 

htg. 3 hrs. in ale. with thiourea, then adding PkOH (40), but not recorded from C.] 

Isopropyl mercuric chloride (sec-PrHgCl) : m.p. 97° (47). [Reported only by 

indirect means (47).] 

iV- (Isopropyl )phthalimide (2-(A^-phthalimido)propane): m.p. 86° (48), 85° (49). 

[Not reported from C but obtd. from isopropyl bromide with K phthalimide in s.t. at 
160-170° for 7 hrs. (49), also indirectly (48) (50).] 

N- (Isopropyl )-3-mtrophthalimide: unreported. 

Ar-(Isopropyl)tetrachlorophthalimide: unreported. 

N- (Isopropyl )-o-sulfobenzoic iinide(iV-isopropylsaccharin): m.p. 134° (51). [Not 

reported from C but obtd. from either isopropyl bromide or isopropyl iodide with aq. 
sodium saccharin in aq. butylcarbitol (1 :6517) on refluxing 30 mm. (51).] 

N-(Isopropyl)-N-(^-bromobenzenesulfonyl)-^-anisidine: m.p. 107° u.c. (52). 

[Not reported from C but obtd. from isopropyl bromide with N-(p-bromobenzene- 
8ulfonyl)-p-anisidine in ale. KOH (52).] 

^-Isopropoxybenzoic acid: m.p. 160-163° (53). [From C (?) or from isopropyl 

bromide with ethyl p-hydroxybenzoate (1 : 1534) in abs. ale. NaOEt on refluxing 1 hr. 
(63).) 

Isopropyl 2,4,6-triiodophenyl ether: m.p. 43° cor. (41). [From isopropyl bromide 

on refluxing with 2,4,6-triiodophenol, m.p. 157-158°, in ale. NaOEt (41).] 

Isopropyl a-naphthyl ether: b.p. 282.5° cor. (42) [picrate: m.p. 104.5-105.6° cor. 

(42)1. 
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Isopropyl /9-naphihyl ether: b.p. 285® cor., m.p. 40.0® cor. (42) [picrate: m.p. 96.0- 

95.5® cor. (42)1. 

3:7925 (l) Con ant, Hussey, J. Am. Chem. Soc. 47, 485 (1925). (2) Hughes, Shapiro, J.Chem. 

Soc. 1937, 1177-1183. (3) Rust Vaughan. J. Org. Chem. 6, 479-488 (1941). (4) Lecat, Rec. 
trav. chim. 46, 242 (1927). (5) Zander, Ann. 214. 157-158 (1882). (6) Matthews, Fehland, 
J. Am. Chem. Soc. 53, 3216 (1931). (7) Groves, Sugden, J. Chem. Soc. 1^7, 161. (8) Timmer- 
mans, Martin, J. chim. phys. 25, 422 (1927). (9) FUhner, Ber. 57, 514 (1924). (10/ van Arkel, 

Vies, Rec. trav. chim. 55, 408 (1936) 

(11) Rex, Z. physik. Chem. 55, 364 (1906). (12) Churchill, U.S. 1,996,638, April 2, 1935; 

CerU. 1936, II 1984. (13) Norris, Org. Syntheses, CoU. Vol. 1 (1st ed.), 137-138 (1932). (14) 

Norris, Taylor, J. Am. Chem. Soc. 46, 757 (1924). (15) Clark, Streight, Trans. Roy. Soc, Can. 

(3) 23, HI 77-89 (1929). (16) Linnemanii, Ann. 136, 41-42 (1865). (17) Whitmore, Johnston, 

J. Am. Chem. Soc. 60, 2265 (1938). (18) Norris, Sturgis, J. Am. Chem. Soc. 61, 1415 (1939). 

(19) Maass, Sivertz, J. Am. Chem. Soc. 47, 2883-2891 (1925). (20) Sutherland, Maass, Trans. 

Roy. Soc. Can. (3) 20, III 499-505 (1926); Cent. 1927, II 2174; C.A. 21, 2657 (1927). 

(21) Thomas, Morris (to Monsanto Chem. Co.), U.S. 2,285,173, June 9, 1942; C.A. 36, 6646 
(1^2). (22) Ballard (to Shell Development Co.), U.S. 2,284,467, May 26, 1942; C.A. 36, 6546 
(1942). (23) Arnold, Lesbig (to du Pont), U.S. 2,097,750, Nov. 2, 1937, Cent. 1938, I 1217. 
(24) du Pont Co., Brit. 466,134, June 17, 1937; Cent. 1937, II 2431. (25) Daudt (to du Pont), 

U.S. 2,016,075, Oct. 1, 1935; Cent. 1936, I 2206. (26) Daudt, Stansfield (to du Pont), U.S. 
2,016,072, Oct. 1, 1935; Cent. 1936, I 2206. (27) du Pont Co., Brit. 450,843, Aug. 20. 1936; 
Cent. 1936, II 4048. (28) Nutting, Petrie, Crooke, Huscher (to Dow Chem. Co., U.S. 1,985,457, 

Dec. 25, 1934; Cent. 1935, I 3597. (29) Brouwer, Wibaut, Rec. trav. chim. 53, 1001-1010 (1934). 

(30) Wibaut, Diekmann, Rutgers, Rec. trav. chim. 47, 477-495 (1928). 

(31) Hass, MoBee, Weber, Ind. Eng. Chem. 27, 1196-1195 (1935) (32) Norris (to Petroleum 

Chem. Corp), U.S. 1,825,814, Oct. 6, 1931; Cent. 1932, I 1438. (33) Britton, Coleman, Moore 

(to Dow Chem. Co.), U.S. 2,110,838, Mar. 8, 1938; Cent. 1938, I 4533. (34) Tingle, Blanck. 

J. Am. Chem Soc. 30, 1408 (1908). (35) Fieser, Campbell, J. Am. Chem. Soc. 60, 168-169 (1938). 
(36) Underwood, Gale, J. Am. Chem. Soc. 56, 2119 (1934). (37) Schwartz, Johnson, J. Am. 
Chem. Soc. 53, 1065 (1931). (38) von Auwers, Ungemach, Ber. 67, 252 (1934). (39) Fieser, 

Hartwell, Seligman, J. Am. Chem. Soc. 58, 1226 (1936). (40) Levy, Campbell, J. Chem. Soc. 

1939, 1443. 

(41) Drew, Sturtevant, J. Am. Chem. Soc. 61, 2666 (1931). (42) V. H. Dcrmer, O C. Dermer, 

J. Org. Chem. 3, 290-291 (1939). (43) Vogel, J. Chem. Soc. 1943, 638-639. (44) Houben, 
Boedler, Fischer, Ber. 69, 1769, 1781 (1936). (45) Simmons, Hart, J. Am. Chem. Soc. 66, 1310- 

1311 (1944). (46) Diuguid, J. Am. Chem. Soc. 3527-3529 (1941). (47) Goret, Cent. 1922 

III 1371. (48) Vanags, Acta Univ. Latviensis, Kim. Fakultat, Series 4, No. 8, 405^21 (1939); 

Cent. 1939 II 3816; C.A. 34, 1983 (1940). (49) Gabriel, Ber. 24, 3106-3107 (1891). (50) Sachs, 

Ber. 31, 1228 (1898). 

(51) Merritt, Levey, Cutter, J. Am. Chem. Soc. 61, 15-16 (1939). (52) Gillespie, J. Am. 

Chem. Soc. 56, 2740-2741 (1934). (53) Lauer, Sanders, Leekley, Ugnade, J. Am. Chem. Soc. 

61, 3050 (1939). 


3 : 7030 1-CHLOROPROPENE-l 

(P^openyl chloride, 
/3-mcthylvinyl chloride) 

transform 


H 

CH3.CH=(!! 

il 


B.P. FJ>. 

37.4“ at 760 mm. (1) - 99“ (1) 

36.7“ at 747 mm. (2) 


cisform 

B.P. P.P. 

32.8® at 760 mm. (1) -134.8® (1) 

32.0-32.2® at 747 mm. (2) 


CsHsCl Beil. I - 198 

11- 

12 — 


nt” - 1.4054 (2) 


.. 1.4063 <2) 



3:7030-3:7035 


1-CHLOROPROPENE-l 


Mobile colorless liq. lighter than water (3). C is stable toward hydrolysis; for use in 
anal, of mixts. of C with 3-chloropropene-l (allyl chloride) (3:7035) see (7). 

[For prepn. of C from 1,1-dichloropropane (3:7230) -f- ale. KOH in s.t. at 100® (3) <4) 
or with ale. NaOEt <2) see indicated refs.; for formn. from 1,2-dichloropropane (propylene 
dichloride) (3:5200) + ale. KOH see (3) (5) (C is principal product (5), but some 2- 
chloropropene-1 (3 : 7020) and propadiene are also formed) ; for formn. of cis isomer from 
a,jMichloro-n-butyric acid of m.p. 62.5-63° by warming with Na^COa see <6).] 

C with Bra at —15° yields l-chloro-l,2-dibromopropane, b.p. 177-177.5° cor. (3). 

C in presence of air or added peroxides adds HBr rapidly to give exclusively (2) 1-chloro- 
2-bromopropane, b.p. 117.2—117.3° at 740 mm., 52.0° at 75 mm., =* 1.4795 (2). 

(For study of molecular refraction and dipole moment of both cis and trans forms of C 
see (8).] 

3:7030 (1) Timmermans, BiUL soc. chim. Belg. 86 , 504 (1927). (2) Kharasch, Engelmann, Mayo, 

J. Org. Chem. 2, 288-302 (1938). (3) Reboul, Ann. chim. (5) 14, 462-464 (1878). <4) Goudet, 

Schenker, Helv. Chim. Acta 10, 132-133 (1927). (6) Klebanskii, Vorkenshtein, /. Applied 
Chem. (U.S.S.R.) 8. 108-116 (1935); Cent 1031, II 1255; C.A. 29, 6879 (1935). (6) Wislicenus, 
Ann. 248, 297-298 (1888). (7> McBee, Hass, Chao, Welch, Thomas, Ind. Eng. Chem. 33, 180- 
181 (1941). (8) Hannay, Smyth, J. Am. Chem. Soc. 68, 1005-1008 (1946). 


:7035 3-CHLOROPROPENE-l CH2=CH.CHa CjHsa 

Beil. I - 198 

(Allyl chloride) 


11 


Ii-( 82) 


c 

>1 


l2-(169) 

B.P. 

F.P. 




46.0-47.5° at 772.5 mm. 

(1) -134.6% (7) 

- 0.93109 

(7) 


46-47° at 758 mm. 

(2> -136.4“ (10) 




46.0-46.5° 

(3) 

= 0.9379 

(14) 


46° 

(4) 

0.93764 

(7) 


45.7° at 760 mm. 

<5) 

0.9374 

(11) 


45.5-47° at 756.9 mm. 

(1) 

0.9267 

(9) 


45.36° 

(6) 

i>i‘ = 0.94419 

(7) 


45.1° at 760 mm. 

(7) 




44.9° at 751 mm. 

(108) 

«20 

« 1.41538 (14) 

44.8-45.0° at 756.2 mm. 

(8) (61) 


1.4151 (11) 

44.8° at 754 mm. 

(9) 


1.40950 (9) 

44.6° at 760 mm. 

(10) 




44.6° 

(11) (12) 

Hd 

= 1.41883 (7) 

44.5-44.7° at 744 xmn. 

(13) 




44.4^-44.6° 

(14) 





Colorless oil, spar. sol. aq. ; volatile with steam. 

C with EtOH (1:6130) forms a const.-boilg. mixt., b.p. 44° at 760 mm., contg. 95% C 
(5); with formic acid (1:1005) forms a const.-boilg. mixt., b.p. 45.0° at 760 mm., contg. 
92.5% e (15). 

C is one of most toxic of all halohydrocarbons (for study see (16)). 

[For prepn. of C from allyl alcohol (1 : 6145) on satn. at 0° with HCl gas and htg. in s.t. 
at 100° for 3 hrs. (17), with cone. HCl (2 moles) in s.t. 15 hrs. at 100° (78% yield (3)) cf. 
(1) (23) or 10 days at room temp. (55-65% yield (18)), on distn. with large excess (16 pts.) 
6 N HCl (50% yield (19)), with ZnCb 4- HCl gas at 75-82° (yield: 60% (20), 58% (21)), 
or dislvd. in cold cone. HCl and treated with CU2CI2 (small amt.) + cone. H2SO4 (yield 
86-90% (2), 80% (22)) see indie, refs.; from allyl alcohol (1:6146) with SOCI2 in CsHe 
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(71% yield (21)), with PCls (1) (24), with PClg -h ZnCh in CeHe at 0® (63% yield (21)), 
with PCls + pyridine (73% yield (9)), with PCls + ZnCls in CsHs (67% yield (21)) see 
indie, refs.] 

[For prepn. of C from allyl formate (1 : 3035) with cone. HCl + a little CU2CI2 + cone. 
H2SO4 (93-98% yield (22)), or with ZnCL + HCl gas (80-90% yield (25)) (26) see indie, 
refs.; from allyl oxalate in ale. CaCl2 in s.t. at 100** see (27); from allyl iodide with ale. 
HgCl2 at ord. temp, see (27).] 

[For comml. prepn. of C from propylene with CI2 at elevated temps., e.g., 500® (yield 
96% C accompanied by 3% 2-chloropropene-l (3:7020) H- 1% mixed cis and tram isomers 
of l-chloropropene-l (3:7030) (11)) (28) (29), see indie, refs, (note also that the high- 
boiling material from distn. of comml. C contains (110) approx. 60% 1,3-dichloropropene-l 
.(3:5280) -f 30% 1,2-dichloropropane (3:5200)); for examples of patents covering this 
procedure see (30) (31) (32) (33) (34) (35); from propane (34) (36) or 1-chloropropane 
(3 : 7040) (36) with CI2 + cat. at 500-700® see indie, refs. ; from 1,2-dichloropropane (3 : 5200) 
by suitable pyrolysis (yield: 55-70% C + 30-40% of mixt. of cis and tram isomers of 
l-chloropropene-l (3:7030) -f 5% 2-chloropropene-l (3:7020) (11)) cf. (12) (13) (39); 
for examples of relevant patents see (37) (38) (40).] 

Reactions involving the double bond of C. [C with CI2 adds and/or substitutes according 
to conditions (for study of relative proportions of these reactions see (29) (11));C withCl2 
at ord. temp. (41) or C with SO2CI2 in CCI4 in pres, of peroxides (42) gives (80-90% yield 
(42)) 1,2,3-trichloropropane (3:5840) (note that this comprises one step in one of the 
modem syntheses of glycerol from petroleum (43) (44)); C with CI2 at high temp, yields 
(11) a mixt. of prods, of which the dichloropropene fraction comprises (11) 47% 1 ,3-dichloro- 
propene-1 (high-boilg. isomer) (3:5280) + 42% 1,3-dichloropropene-l (low-boilg. isomer) 
(3:5280) + 11% l,l-dichloropropene-2 (3:5140) -f trace of l,2-dichloropropene-2 
(3:5190).] 

[C with Br2 adds 1 mole of halogen yielding (45) mainly l,2-dibromo-3-chloropropane 
(7-chloropropylene dibromide) [Beil. I-lll], b.p. 195® (45); for study of rate of addn. of 
Br2 under various conditions see (14) (9) (46) (105); for heat of reactn. see (47).] 

[C with cone. aq. HCl in s.t. at 100® for 18 hrs. (48), or C with dry HCl in dark at 0® in 
absence of FeCla (33% yield (49)) or at room temp, in pres, of FeCls (85-89% yield (49)), 
gives 1,2-dichloropropane (propylene dichloride) (3:5200); note that addn. of HCl is not 
complicated by a peroxide effect but is very slow unless FeCL (or less advantageously 
AICI3) is used as a cat. (49). — C satd. with HBr gas at 0® or below (50), or with cone. aq. 
HBr at 0® (51), or with HBr gas in s.t. at 100® for 8 hrs. (48) cf. (52), or in presence of Fe 
(53) or other cat., e.g.. Bids (54), as directed, gives (yields: 36-38% (53), 43% (52), 50% 
(61), 87% (50)) l-bromo-3-chloropropane (7-chloro-n-propyl bromide) (trimethylene 
chlorobromide) [Beil. 1-109, Ii-(36), l2-(75)], b.p. 142°; note that the above mode of addn. 
is favored by peroxides (49) (54) cf. (106). — C with HI (10-20% excess at 0°) gives ex- 
clusively (90-100% yield (55)) l-chloro-2-iodopropane, b.p. 66.2® at 50 mm., np 1.5472 
(55); note that in this reactn. formn. of 2-iodopropane (isopropyl iodide) has also been 
reported (56).] 

[C (1 mole) with cone. H2SO4 (2 moles) at 0® gives an oily addn. prod. (24) (presumably 
/^chloroisopropyl hydrogen sulfate) which upon dilution with aq. and subsequent distilla- 
tion gives (50% yield (57) (61)) (24) (58) (59) (60) l-chloropropanol-2 (3:7747); in pres, 
of CUSO4 the yield rises t6 66-70% (62), — C adds HOCl yielding (63) (64) (65) (76) 2,3- 
dichloropropanol-l (glycerol /S-dichlorohydrin) (3:6060). — C with <cr-butyl hypochlorite 
(3:7165) in MeOH contg. a little p-toluenesulfonic acid gives at 40® (44% yield (66)) 
l,3-dichloro-2-methoxypropane 0S,/5'-dichloroisopropyl methyl ether), b.p. 164-156® at 
730 mm., * 1.2236, nf? « 1.4542 (66).] 
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[C with liq. SO 2 4* trace of ascaridole + a few drops of aq. or ale. HCl, HBr, or H 2 SO 4 
gives (70-100% yield (67)) cf. (68) allyl chloride polysulfone, no def. m.p., dec. 210-235°, 
sol. CHCI 3 or acetone but insol. most other org. solvents; note, however, that this addn. 
of SO 2 is completely inhibited by the pres, of as little as 5 mole % of allyl bromide or cinnamyl 
bromide (67). — C (2 moles) with S 2 CI 2 (1 mole) in s.t. at 100° for 6 hrs. deposits sulfur 
and yields (69) 6is-08,7-dichloro-n-propyl) sulfide, pale yel. oil, b.p. 181-182° at 15 mm. 

(69) ; the same components maintained at room temp, for 10 days, however, deposit no 
sulfur and on distn. yield (69) 6is-08,7-dichloro-n-propyl) disulfide, b.p. 190° at 11 mm. (69).] 

1C (2 moles) with cyclopentadiene (1 mole) (1:8030) in s.t. at 170-180° for 8 hrs. gives 
(74% yield on C 5 H 6 (70)) by Diels- Alder addn. 2,5-endomethylene-l,2,5,6-tetrahydro- 
benzyl chloride (l-(chloromethyl)-2,5-endomethylenecyclohexene-3), b.p. 54-57° at 11 mm. 

(70) . — For polymerization of C see (71) (101).] 

[C with excess diazomethane in ether stood for 3 days yields a yel. very hygroscopic ppt. 
presumably 3-(chloromethyl)-A^-pyrazoline (72).] 

[C with CeHe 4- cone. H 2 SO 4 gives (73) by addn. to the ethylene linkage /3-chloro-n- 
propylbenzene (2-chloro-l-phenylpropane) [Beil. V-391, Vi-(189), V2-(304)], b.p. 85° at 
13 mm., Di® = 1.047, ni> = 1.5245 (73); note, however, that C with CeHo in pres, of 
FeCla at — 20 ° gives (33.5% yield (74)) (73) the isomeric (/3-chloroisopropyl)benzene 
(l-chloro-2-phenylpropane) [Beil. Vi-(191)], b.p. 79° at 10 mm., - 1.0367, nj? = 
1.52129 (74); C with CeHe 4- AICI 3 (}4 mole) gives none of the )9-chloroisopropylbenzene 
since it apparently reacts with more CeHe yielding (74) a-methylbibenzyl (1,2-diphenyl- 
propane [Beil. V-613, Vi-(288), V2-(517)].l [For analogous condensation of C with fiuoro- 
benzene, chlorobenzene (3:7903), and bromobenzene see (118).] 

[For oxidn. of C in liq. phase at 75-250° by O 2 in pres, of Cu(OAc )2 or peroxide catalysts 
and in an org. solv. such as AcOH to hydroxylated cpds. sec (75).] 

Reactions involving the halogen atom of C. [C 4- H^ over activated charcoal at 300- 
500° gives (58% yield (77)) propylene; note that the double bond is not (77) hydrogenated.] 
[C passed over activated charcoal contg. 1-2% KOH is dchalogcnated (78) at 375° to 
extent of 21%; at 400°, 58%.] 

[C with aq. vapor at 550-850° 4- cat. (79) or under press, with alkali hydroxides (80) 
or with HCl/Cu 2 Cl 2 ( 108) yields (cf. (43) (44)) allyl alcohol (1 : 7145). — C with ale. KOH (81) 
(107) or ale. NaOH (12) yields allyl ethyl ether (1:7850) -}- alkali chloride; for use of this 
reactn. in detn. of C in pres, of ci«-l-chloroprop(me-l (3:7030) and ^raws- l-chloropropenci-l 
(3:7030) see (12); for study of rate of reactn. of C with NaOMe at 16-18° (82) or of C 
with NaOEt at 35° and 50° (83) see indie, refs.] 

[C with ale. KSH gives mainly (84) di-allyl sulfide [Beil. 1-441, Ii-(226), l2-(478)], b.p. 
138-139° (84).] — [For reactn. of C with alkali polysulfides in prepn. of rubber-like prod, 
see (85).] 

[For studies of rate of reactn. of C with KI in acetone at 20° (83), 25° (86), or 60° (87) cf. 
(9) see indie, refs.; for reactn. of C with Na 3 As 03 yielding allylarsinic acid see (88); for 
reactn. of C with CuCN giving (85% yield (22)) allyl cyanide (vinylacetonitrile) [Beil. 
II-^, IIi-(187), Il2-(389)], b.p. 117.8-118.2° at 757 mm. (22), see indie, refs.; for reactn. 
of C with Mg + acetone, giving allyl-dimethyl-carbinol [Beil. 1-445, l2-(487)l, b.p. 118- 
120°, Di^ « 0.83452, w}J * 1.4300 see (89).] 

[C with cone. aq. NH 4 OH as directed (90) 3 deld 8 allylamine [Beil. IV-205, IVi-(389), 
IV2-(662)], b.p. 56°, misc. aq. — For study of rate of addn. of C to pyridine or reactn. with 
piperidine see (82) (91); for sepn. of C from other chloro-olefins, e.g., 1-chloropropene-l 
(3:7030) or 2-chloropropene-l (3:7020), by conv. of C to quaternary salt see (111).] 

C with Mg in dry ether under carefully regulated conditions gives (84% yield (102)) 
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cf. (109) (119) allyl MgCl; note that if this prod, reacts with phenyl isocyanate in a fashion 
analogous (103) to allyl MgBr the prod. obtd. should be crotonanilide, m.p. 113-114® 
cor. (103). 

[C with Mg in dry ether as directed gives (68% yield crude, 27% pure (92), 60% (93)) 
hexadiene-1,5 (1 :8045). — C with NaNH2 in liq. NH3 as directed gives (30% yield (94)) 
hexatriene-1,3,5 [Beil. 1-263, l2-(243)], b.p. 76-80®, = 0.7182, nf? = 1.4330 (94); 

during the reactn. an intermediate chlorohexadicne (95), b.p. 115® at 748 si. dec., 46-47.5® 
at 96 mm., no = 1.4483, appears to be formed, and the hexatriene is accompanied (94) (95) 
by variable amts, of its dimer, trimer, and tetramer. — For reaction of C with monosodium 
acetylene in liq. NH3 see (96).] 

[C with l-chloro-2-methylpropene-2 (methallyl chloride) (3:7145) + Mg in ether gives 
(93) 47% 2-methylhexadiene-l,5 (b.p. 88.1® at 760 mm., DI® = 0.7198, nf? 1.4184) 4- 
30% 2,5-dimethylhexadiene-l,5 (b.p. 114.3® at 760 mm., D4 ® = 0.7423, wd - 1.4293) -f 
12% hexadiene-1,5 (biallyl) (1:8045). — C w4th crotyl chloride (the equil. mixt. of 1- 
chlorobutene-2 (3:7205) and 3-chlorobutcne-l (3:7090)) Mg in ether gives 34% hepta- 
diene-1,5 (b.p. 93.7° at 760 mm., Z)^® = 0.7186, wd “ 14200) + 21% 3-methylheptadiene- 
1,5 (b.p. 111.0° at 760 mm., Z)f = 0.7291, w?? = 1.4240) + 10% hexadiene-1,5 (1:8045) + 
10% 3-methylhexadiene-l,5 (b.p. 80.0° at 760 mm., DJ® = 0.7103, == 1.4116) + 1% 

octadiene-1,6 (b.p. 124.5° at 760 mm., Z)t® = 0.7441, = 1.4336) (93).] 

[C reacts with RMgX cpds. in normal coupling; e.g., C with EtMgBr gives (97) pentene-1 
(1:8205); C with n-PrMgBr gives J97) hexene-1 (1:8255); C + n-CsHuMgCl gives 
(80% yield (93)) octene-1 (1:8375); C with iso-AmMgCl gives (60% yield (93)) 6-methyl- 
heptene-1 (b.p. 113.2° at 760 mm., Df « 0.7119, nf,® = 1.4068); C with o-tolyl MgBr 
gives (98) o-allyltoluene (b.p. 182-183° at 757 mm., D4® = 0.9001, = 1.5186).) 

Miscellaneous reactions of C. [C with phenol (1:1420) + cone. H2SO4 stood at room 
temp, for 6 months gives (99) o-isopropenylphenol [Beil. VI-572, VIi-(283)l; for 
analogous prods, from C with o-cresol (1:1400), m-cresol (1:1730), and p-cresol 
(1:1410) see (99).] 

(p S-AUylisothiurea picrate: m.p. 155° (100). [From C thiourea in EtOH, refluxed for 
5 min., treated with PkOH (100).] 

Af-(AUyl)phthalimide [Beil. XXI-464, XXIi-(364)]: m.p. 70°. [The direct prepn. 

of this cpd. from C has not been reported; it has, however, been obtd. from allyl 
bromide with K phthalimide in s.t. at 150® for 2-3 hrs. (50% yield (104)) and has al^ 
been prepd. by numerous indirect means; with CI2 in CHCI3 it yields iV^-G8,7-dichloro-n- 
propyl) phthalimide, ndls. from ale., m.p. 93® (104); with Br2 in CHCI3 it yields iV- 
(/8,7-dibromo-n-propyl) phthalimide, m.p. 113-114° (104).] 

.^-(AUyl)-3-nitrophthalimide: pi. from CS2, m.p. 100-101° (112). [Not reported 

from C but obtd. from allyl bromide with K 3-nitrophthalimide (112); for photographs 
of cryst. see (113).] 

Af-( Allyl )tetrachlorophthalimide: unreported. 

(g) N-(Allyl)-o-sulfobenzoic imide (N-allylsaccharin): m.p. 58® (114). [From C with 
sodium saccharin in aq. butylcarbitol (1 : 6517) on refluxing 30 min. (114).] 

N- (Allyl )-iV-(^-bromobenzenesulfonyl)-^-anisidide: m.p. 82® u.c. (115). [Not 

reported from C but obtd. from allyl bromide with iV-(p-bromobenzenesulfonyl)-p- 
anisidine in ale. KOH (115).] 

^-Allylozybenzoic acid: m.p. 162-163® u.c. (116). [From C (?) or from allyl 

bromide with ethyl p-hydroxybenzoate (1 : 1534) in abs. ale. NaOEt on refluxing 1 hr. 
(116); note, however, that m.p. of prod, is almost identical with corresp. deriv., m.p. 
160-163°, from isopropyl halides.] 
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— AUyl a-naphthyl ether: m.p. —10® (117) (corresp. picrate, m.p. 100.6-101.0® cor. 
<117)). 

AUyl ^-naphthyl ether: m.p. 4-16® <117) (corresp. picrate, m.p. 98.5-99.0® cor. 

<117).) 
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182-183 (1939). (47) louguinine, Kablukoff, J. chim. phya. 6, 186-202 (1907). (48) Reboul, 

Ann. chim. (5) 14, 461, 487 (1878). (49) Kharasch, Kleiger, Mayo, J. Org. Chem. 4, 430, 433 
(1939). (50) Putochin, Ber. 66 , 2748 (1922). 

(51) Dalle, Rec. trav. chim. 21, 125-126 (1902). (52) Bruylants, Rec. trav. chim. 28, 241-246 
(1909). (53) Kharasch, Haefele, Mayo, J, Am. Chem. Soc. 62, 2049 (1940). (64) Windecker, 

SchormuUer, U.S. 2,265,606, Sept. 9, 1941; C.A. 36, 100 (1942). (65) Kharasch, Norton, Mayo, 

J. Am. Chem. Soc. 62, 83-86 (1940). (56) Oppenheim, Ann. Suppl. 6, 359 (1868). (67) Henry, 

Rec. trav. chim. 22, 324-326 (1903). (58) Oppenheim, Ann. Suppl. 6, 367 (1868). (59) Michael, 

Ber. 39, 2787 (1906). (60) Michael, J. prakt. Chem. (2) 60, 455 (1899). 

(61) Smith, Z. phyaik. Chem. 93, 63-64 (1918/19). (62) Dewael, Bull. aoc. chim. Belg. 39, 
87 (1930). (63) Smith, Z. phyaik. Chem. 92, 739 (1918). (64) Henry, Ber. 7, 409-416 (1874); 

Ber. S, 362 (1870). (65) von Geyerfelt, Ann. 164, 247-249 (1870); Ber. 6, 720-721 (1873). 

(66) Emling, Vogt, Hennion, J. Am. Chem. Soc. 63, 1624-1626 (1941). (67) Kharasch, Sternfeld, 

/. Am. Chem. Soc. 62, 2569-2660 (1940). (68) Marvel, Glavis, J. Am. Chem. Soc. 60, 2025 (1938). 
(69) Pope, Smith, /. Chem. Soc. 121, 1168-1169 (1922). (70) Alder, Windemuth, Ber. 71, 1941, 
1951 (1938). 

(71) Bauer, Gdtz (to R6hm, Haas Co.), Ger. 706,610, Aprff 24, 1941; C.A. 36, 1962 (1942). 

(72) Caronna, Oazz. chim. ital. 67, 618-619 (1937); Cent. 1988, I 2877; C.A. 82, 4578 (1938). 

(73) Truffault, BuU. aoc. chim. (6) 6, 730-733 (1939); Compt. rend. 202, 1288-1289 (1936). (74) 
Nenitzescu, Isacescu, Ber. 66, 1100-1103 (1933). (76) Loder, McAlevy (to du Pont Co.), U.S. 
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2,316,604, April 13, 1943; C.A. 87, 8737 11943). (76) Esse*. Ward (to du Pont Co.), U.8. 1,477,- 
113, Dec. 11, 1923; Cent. IMS, I 896: U.S. 1.594,879, Aug. 3, 1926; Cent. IMS, 11 1688: U.S. 

I, 626,398, AprU 26, 1927; Cent. IMS, 1 410. (77) Balandin, Patrikeev, J. Qen. CKem. (.U.SJ3.R.) 

II, 225-231 (1941); Cent. 1942, 1 2233; C.A. 35, 7937 (1941). <78) Balandin, Patrikeev, Acta 
Pht/siccchim. U.R.S.S. 15, 281-292 (1941); C.A. 37, 4959 (1943). (79) Lloyd, Kennedy, U.S. 

I, 849,844, March 16, 1932; Cent. 1932, I 2994. (80) Tamele, GroU (to Shell Development Co.), 
U.S. 2,072,015, 2,072,016, Feb. 23, 1937; Cent. 1937, II 472; C.A. 31, 2612 (1937). 

(81) Oppenheim, Ann. 140, 206 (1866). (82) Tronow, Gerschewitsch, J. Ruse. Phys.^Chem. 

Soc. 59, 735 (1927); Cent. 1928, I 2924. (83) Tamele, Ott, Marple, Hearne, Ind. Eng. Chem. 33, 

119 (1941). (84) von Braun, Murjahn, Ber. 59, 1207 (1926). (85) Jacobi, Flemming, U.S. 

2,259,470, Oct. 21, 1941; C.A. 36, 690 (1942); I.G., Brit. 609,796, July 21, 1939; C.A. 34, 4302 
(1940). (86) Conant, Kirner, Hussey, J. Am. Chem. Soc. 47, 498 (1925). (87) Murray, J, 

Am. Chem. Soc. 60, 2663 (1938). (88) Hofmann-LaRoche Co., Brit. 167,157, Sept. 21, 1921; 
Cent. 1921, IV 1065. (89) Coffey, Rec. trav. chim. 41, 653 (1921). (90) Converse (to SheU 

Development Co.), U.S. 2,216,548, Oct. 1, 1940; C.A. 35, 754 (1941). 

(91) Tronow, J. Russ. Phys.-Chem. Soc. 58, 1278-1301 (1926); Cent. 1927, II 1145-1146. 
(92) CJortese, J. Am, Chem. Soc. 51, 2266-2269 (1929). (93) Henne, Chanan, Turk, J. Am. Chem. 

Soc. 63, 3474-3476 (1941). (94) Kharasch. Sternfeld, J. Am. Chem. Soc. 61, 2318-2322 (1939). 
(95) Kharasch, Nudenberg, Sternfeld, J. Am. Chem. Soc. 62, 2035 (1940). (96) Lespieau, 

Journaud, BuU. soc. chim. (4) 49, 423-425 (1931). (97) Mikhailov, Arbuzov, Compt. rend. aead. 

sci. U.R.S.S. 1936, III, 423-426; Cent. 1937, 1 2579. (98) Levina, Grinberg, J. Gen. Chem. 

(U.S.S.R.) 7, 2306-2308 (1937); Cent. 1938, I 1770; C.A. 32, 510 (1938). (99) Smith, Niederl, 

J. Am. Chem. Soc. 55, 4151-4153 (1933). (100) Levy, Campbell, J. Chem. Soc. 1939, 1443. 

(101) Staudinger, Fleitmann, Ann. 480, 92-108 (1930), (102) Young, Andrews, Cristol, 

J. Am. Chem. Soc. 65, 1657 (1943). (103) Shwartz, Johnson, J. Am. Chem. Soc. S3, 1063-1067 

(1931). (104) Neumann, Ber. 23, 99^1000 (1890). (105) Swcdlund, Robertson, J. Chem. Soc. 

1945, 131-133. (106) Kharasch, Fuchs, J. Org. Chem. 10, 167-168 (1945). (107) GroU, Ott 

(to Shell Development Co.) U.S. 2,042,219, May 26, 1936 ; Cent. 1937, 1 1013 ; [C.A. 30, 4871 (1936) .J 
(108) Hatch, Estes, J. Am. Chem. Soc. 67, 1730-1733 (1945). (109) Houben, Boedler, Fischer, 
Ber. 69, 1783 (1936). (IIO) Hatch, Moore, J. Am. Chem. Soc. 66, 286 (1944). 

(Ill) Pollack (to Pittsburgh Plate Glass Co.), U.S. 2,349,762, May 23, 1944; C.A. 89, 1416 
(1945). (112) Sah, Ma, Ber. 65, 1630-1633 (1932). (113) Sah, Ma, Sci. Repts. NaU. Tsing Hua 

Univ. 2, 147-149 et. seq. (1933). (114) Merritt, Levey, Cutter, J. Am. Chem. Soc. 61, 15-16 

(1939). (115) Gillespie, J. Am. Chem. Soc. 56, 2740-2741 (1934). (116) Lauer, Sanders, 

Leekley, Ungnado, J. Am. Chem. Soc. 61, 3050 (1939). (117) V. H. Dermer, O. C. Dermer, 

J. Org. Chem. 3, 290-291 (1939). (118) Patrick, McBee, Hass, J. Am Chem. Soc. 68, 1009- 

1011 (1946). (119) Kharasch, Fuchs, J. Org. Chem. 9, 364 (1944). 


3:7040 1 -CHLOROPROPANE CH3.CH2.CH2a 

C 3 H 7 C 1 

BeU. I - 

104 

(n-Propyl chloride) 



Ii- 

(34) 




I 2 - 

(7*) 

B.P. 

F.P. 




46.60° at 760 mm. 

( 1 ) - 122 . 8 ° (1) (7) 

= 

0.88611 ( 1 ) 


46.6° at 770.6 mm. 

(2) 


0.89229 ( 1 ) 


46.3-46.7° U.C. 

( 3 ) 


0.8890 (52) 


46.4° cor. at 760 mm. 

(4) (5) 

Dj* = 

0.89486 (1) 



46.0-46.5° 

45.70-46.76° 

44° 


764 mm. 
760 mm. 
744 mm. 


(52) 

( 6 ) 

( 8 ) 




1.38856 

1.38838 

1.38800 


( 8 ) 

( 9 ) 

(52) 


Colorless limpid liquid with not unpleasant odor. — Almost insol. aq. [for precise data 
see ( 10 ) ( 11 ) ( 12 )]. 

C with MeOH, b.p. 64.7°, forms const.-boilg. mixt., b.p. 40.5°, contg. 90.5 wt. % C (13); 
C with EtOH, b.p. 78.3°, forms const.-boilg. mixt., b.p. 45.0°, contg. 94 wt. % C (14); C 
with isopropyl ale., b.p. 82.5°, forms const.-boilg. mixt., b.p. 46.4°, contg. 97.2 wt. % C (14); 
C with CS 2 , b.p. 46.3°, forms const.-boilg. mixt., b.p. 42.05°, contg. 44.5 wt. % C (14). — 
[For f.p./compn. data on mixts. of C with cyclohexyl chloride (3:8040) or with isopropyl 
bromide see (15).] 
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[For prepn. of C from propanol -1 (1:6150) with cone. HCl ZnCl 2 (yield: 92% <62); 
70-72% <16), 65-70% <17), 61% (18) (19)); with PCI 3 ( 20 ) + ZnCl 2 (yield: 94% ( 21 ) (19)), 
with PCls (5) 4 - ZnCl 2 (76% yield (19)); with SOCI 2 + pyridine (84% yield (19)) see indie, 
refs.; for other raise, methods see Beil.] 

[For formn. of C (together with other products) from propane by actn. of CI 2 see ( 22 ) (23); 
for further actn. of CI 2 on C see (3) (24) (25); for further chlorination with SO 2 CI 2 see (26).] 
[For isomerization of C to isopropyl chloride (3:7025) in pres, of metallic cat. see (27) 
(28); for isomerization of C accompanying alkylation see (29); for C in Friedel-Crafts 
reactn. see (30).] 

C on passing over various cat. cspec. at elevated temps, loses HCl (30) (31) + Beil. I 2 - 
(72). 

[For study of behavior of C with KI see (33); toward Na see (34) (35) (36); with Mg in 
dry ether see (37) (note that C with Mg in dry ether contg. trace of I 2 gives in absence 
of air 98.2% yield (51) RMgCl).] 

© n-ButyraniUde: m.p. 96° (38); 97° (39); 92° cor. (40), u.c. (41). [From C (41) or 
w-propyl bromide (40) via conversion to RMgX and reactn. with phenyl isocyanate 

(41).] 

n-Butyr-/».toluidide: m.p. 75° (38); 74^75° (42); 73-74° (43). [l^resumably 

similarly obtainable via llMgCl -|- p-tolyl isocyanate, but not actually so recorded.] 

(P n-Butyr-a-naphthalide: m.p. 120° (44); 121° (45). [From liMgBr via reactn. with 
a-naphthyl isocyanate (45).] 

n-Propyl mercuric chloride: m.p. 140° (46). 

(P S-(n-Propyl)isothiourea picrate: m.p. 176° (47). [In small yield from C on htg. 
5 hrs. with thiourea in ale., followed by addn. of PkOH (47).] 

n-Propyl 2,4,6-triiodophenyl ether: m.p. 82° cor. (48). [From n-propyl bromide 

on refluxing with 2,4,6-triiodophenol, m.p. 157-158°, in ale. NaOEt (48).] (Note 
that this ether depresses m.p. of corresp. Et 2,4,6-triiodophenyI ether, m.p. 82° cor. 
(48).] 

Af-(n-Propyl)-3-nitrophthalimide: ndls. from CvS 2 , m.p. 84-85° (49). [From n- 

propyl bromide on refluxing with K 3-nitrophthalimide (49).] 

n-Propyl a-naphthyl ether: b.p. 293.5° cor. (50) [picrate: m.p. 99.5-100° cor. (50)]. 

n-Propyl /3-naphthyl ether: b.p. 297.0° cor., m.p. 39.5-40.0° cor. (50) [picrate: 

m.p. 80.5-81.5° cor. (50)]. 

3:7040 ( 1 ) Timmermans, Hennaut-Roland, J. chim. phya. 27, 407-408 (1930). (2) Karvonen, 

Ann. Acad. Set Fennicae A-3, No. 7, 1-103; Cent. 1912, II 1271. (3) Rust, Vaughan, J. Org. 

Ckem. 6 , 479^88 (1941). (4) Linnemaim, Ann. 161, 38-39 (1872). (5) Pierre, Puchot, Ann. 

163, 266-269 (1872). (6) Matthews, Fohland, .7. Am. Chem. Soc. 53, 3216 (1931). (7) Timmor- 

mans, BiM. soc. chim. Belg. 27, 334-343 (1913); Cent. 1914, I 618. (8) Bruhl, Ann. 200, 179 

(1879). (9) Karvonen, Ann. Acad. Sci. Fenntcas A-5, No. 6, 121. (10) Rex, Z. phyaik. Chem. 

56, 364 (1906). 

(11) Buhner, Ber. 57, 514 (1924). (12) van Arkel, Vies, Bee. trav. chim. 55, 408 (1936). (13) 

Lecat, Bee. trav. chim 46, 242 (1927). (14) Lecat, Ann. soc. aci. Bruxellea 47, I 66 (1927). (15) 

van de Vloed, BvU. aoc. chim. Belg. 48, 261 (1939). (16) Copenhaver, Whaley, J. Am. Chem. 

Soc. 60, 2497-2498 (1938) (17) Copenhaver, Whaley, Org. Syntheses, CoU. Vol. 1 (2nd ed.), 

143, Note 6 (1941). (18) Norris, Taylor, J. Am. Chem. Soc. 46, 756 (1924). (19) Clark, Straight, 

Trans. Boy. Soc. Can. (3) 29, III 77-89 (1929). (20) Walker, Johnson, J. Chem. Soc. 87, 1592- 

1597 (1905). 

(21) Dehn, Davis, J. Am. Chem. Soc. 29, 1328-1334 (1907). (22) Hass, McBee, Weber, Ind. 
Eng. Chem. 27, 1190—1195 (1935). (23) Hass, McBee (to Purdue Research Foundation), U.S. 
2,004,073, June 4, 1935; Cent. 1936, 1 1500. (24) Hass, McBee (to Purdue Research Foundation), 
Can. 374,242, June 7, 19.38; Cent. 1938, II 3005. (25) Hass, McBee (to Purdue Research Founda- 
tion), U.S. 2,147,577, Feb. 14, 1939; Cent. 1939, 11 226. (26) Kharasch, Brown, J. Am. Chem. 
Soc. 61, 2142-2149 (1939). (27) N. V. de Bataafsche Petroleum Maatschappij. Brit. 535,435, 
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April 9. 1941; C.A. 36 , 1614 (1942). (28) Nagai, J. Chem, Soc. Japan 61 , 864-866 (1940); C.A. 

34 , 7841 (1940). (29) Ipatieff, Pines. Schmerling, J. Org, Chem. 6 , 263-263 (1940). (30), 

Wertyporoch, Ann. 560 , 287-295 (1933). 

(31) Senderens, BiM. soc. chim. (4) 3 , 828 (1908). (32) Senderens, Compt. rend. 200 , 612-615 

(1935). (33) Conant, Hussey, J. Am. Chem. Soc. 47 , 484 (1925). (34) Morton, LeFevre, 

Hechenbleikner, J. Am. Chem. Soc. 68, 754-757 (1936). (36) Morton, Hechenbleikner, J. 

Am. Chem. Soc. 58 , 1697-1701 (1936). (36) Morton, Hechenbleikner, J. Am. Chem. Soc. 58 , 

2599-2605 (1936). (37) Rudd, Turner, J. Chem. Soc. 1928 , 686-691. (38) Robertson, J. Chem. 

Soc. 116 , 1220-1221 (1919). (39) Fournier. BuU. soc. chim. (4) 7 , 25-26 (1910). (40) Schwartz, 

Johnson, J. Am. Chem. Soc, 63 , 1065 (1931). 

(41) Underwood, Gale, J. Am. Chem. Soc. 66 , 2119 (1934). (42) Davis, J. Chem. Soc. 96 , 

1398 (1909). (43) Fichter, Rosenberger, J. prakt. Chem. (2) 74 , 323 (1906). (44) Robertson, 

J. Chem. Soc. 93 , 1037 (1908). (45) Gilman, Furry, J. Am. Chem. Soc. 60 , 1214-1216 (1928). 

(46) Marvel, Gauerke, Hill, J. Am. Chem. Soc. 47 , 3010 (1925). (47) Levy, Campbell, J. Chem. 

Soc. 1939 , 1443. (4S) Drew, Sturtevant, J. Am. Chem. Soc. 61 , 2666 (1939). (49) Sah, Ma, 

Ber. 66 , 1630-1633 (1932). (50) V. H. Dermer, O. C. Dermer, J. Org. Chem. 3 , 290-291 (1939). 

(51) Houben, Hoedler, hlscher, Ber. 69 , 1768, 1776 (1936). (52) Vogel. J. Chem. Soc. 1043 , 

638-639. 


3: 7045 

2-CHLORO-2-METHYLPROPANE 

CHs C^HsCl BeU. I - 185 


(ter-Butyl chloride; 


1 


Ii-( 40) 


trimethylcarbinyl chloride) V 

l2-( 88) 






Cl 



B.P. 




F.P. 




52° 



(1) 

-34.6'’ (12> 


Df = 0.83537 (9) 


51.53° 

cor. 

(2) (36) 

-85.4° (13) 


Dif = 0.8511 (20) 


51.6° 



(3) 

-87.1° (9) (19) 

0.8457 (16) 


51.0-51.3° 


(4) 

-88.5° (5) 


0.84138 (9) 


51° 



(5) 



Df = 0.84739 (9) 


50.9° 

at 

762 nun. 

(6) 





50.9° 



<7) 





50.8° 

at 

766 mm. 

<8) 



nU = 1.38786 

(13) 

50.7° 

at 

760 mm. 

(9) 



1.3858 

(8) 

50.7° 



(10) 



1.38564 

(16) 

50.6-50.8° at 

766 mm. 

<11) 



1.3855 

(17) (21) 

50.60° 



(12) (18) (8) 


1.3853 

(8) 

50.5° 



(13) 



1.38538 

(10) 

50.0° 

at 

749 mm. 

(14) 



1.38470 

(12) 

49.7° 

at 742.4 mm. 

(15) 



1.3839 

(18) 

49.5° 

at 

738 nun. 

(16) 



n{| = 1.3860 

(22) 

49-50° 



(17) 



niJ** = 1.38686 

(1) 


[5ee also l~chlorO‘2-methylpropane (3:7135).] 


Binary systems of C with other org. cpds. — For f.p./ compn. data of mixts. of C with 
CCI4 (3:5100) (23) (13), with w-butyl chloride (3:7160) (19), with n-butyl bromide (19), 
or with isobutyl bromide (19) see indie, refs. 

C with MeOH (1:6120) forms a const.-boilg. mixt., b.p. 43.75®, contg. 90% C (24); C 
with formic acid (1:1005) forms a const.-boilg. mixt., b.p. 50.0°, contg. 88.8% 0 (3); C 
with CS2 forms a const.-boilg. mixt., b.p. 43.3°, contg. 37% C (25). — Note that C gives no 
azeotrope with ter-BuOH (1:6140) (9). 

Preparation of C. [For prepn. of C from tar-BuOH (1:6140) with cone. HCl (3 vols.) 
by shaking in cold (espec. in pres, of CaCL) (78-88% yield (26)) or by distillation (using 
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7-8 ptfi. by wt. cone. HCl) (94% yield (27)), or with dil. aq. HCl (18-20 B6) in pres, of 
inorg. halide cat. (28) see indie, refs.] 

[For prepn. of C from <er-BuOH (1:6140) with dry HCl gas in cold (1) (29), with HCl 
gas in pres, of pyridine at elevated temp, (some isobutyl chloride (3:7135) is also formed 
(30)); with PCI 3 (31), PCI 3 + ZnCl 2 (92% yield (32)), PClj (33) (34), PClg + ZnCl 2 
(85% yield (32)), or excess AICI 3 (35); with oxalyl (di)chloride (3:5060) (36) or with 
trichloromethyl chloroformate (diphosgene) (3:5515) (20) see indie, refs.] 

C can also be obtained from various isobutyl cpds. (see following paragraphs), but it 
must be constantly kept in mind that reactns. of this type involve the equilibrium between 
C, isobutylene, and isobutyl chloride, and the proportions of the two halides may vary 
widely according to particular conditions; for some types of utilization, however, such a 
mixture may serve just as well as pure C. 

[For prepn. of C from 2-methylpropane (isobutane) with CI 2 see (37) (38) (39); from 
isobutylene with HCl gas (40) (41) (4) (18), with cone. aq. HCl (42) (43) (44), with HCl 
gas + AICI 3 at —50® (45), with HCl gas 4- cat. (46), from tech, cracked gas (contg. iso- 
butylene) with HCl (47) (48) (49) (57), with chloromethyl methyl ether (3:7085) + HgCl 2 
(other prods, are also formed (50)), or even with CI 2 (other prods, also formed) (51) (52) 
(53) see indie, refsj 

[For prepn. of C from l-chloro-2-methylpropane (isobutyl chloride) (3:7135) by htg. 
at 306° (8% C (54)), or passing vapor over BaCJ 2 at 380-400° (40% C (55)), or over suitable 
cat. at 200® as directed (56); from isobutyl iodide with ICl (58); from isobutylamine with 
NOCl in xylene at —15® (59); from isobutyl alcohol (1:6165) with HCl gas (60) cf. (1), 
with HCl gas over AI 2 O 3 at 420° (61), or with PCls + ZnCh (62) see indie, refs.) 

[For formn. of C from 2-chloro-2-methylbutane (ter-amyl chloride) (3:7220) by cleavage 
with AICI 3 (35) or with anhydrous HF at 0° (10-17% yield (17)) see indie, refs.] 

P 3 rrolysis of C. [C on suitable htg. dec. into isobutylene + HCl; this begins to occur at 
3(K)° even in absence of cat. (63) (for study of equilibria involved see (4) (18)); for study 
of reactn. over Th02 at 100° (64), over pumice at 400-500° (65), or over activated carbon 
contg. 1-2% KOH (dehalogenation is 19.8% at 375°, 51% at 400° (66)) see indie, refs. — 
Note that C passed over activated carbon at 400° in pres, of H 2 is 51% dehalogenated but 
the isobutylene is not reduced (67).] 

Further halogenation of C. [C in liq. phase with CI 2 in light gives (68) a mixt. of chlorina- 
tion prods, contg. approx. 37% l,2,i'trichloro-2-methylpropane (3:5885) -f- 25% 1,1,2- 
trichloro-2-methylpropane (3:5710) -f- 21% l,l,2,3-tetrachloro-2-methylpropane (3:6165) 
+ 10% l,2-dichloro-2-methylpropane (3:7430) + 6% l,2,3-trichloro-2- (chloromethyl )- 
propane (3:6335) -f a trace of l,l,l,2-tetrachloro-2-methylpropane (3:4725). — C in 
vapor phase under reduced press, with CI 2 in u.v. light or in dark electric discharge (69) or 
C with SbCls (1 mole) with cooling (34) gives l,2-dichloro-2-methylpropane (3:7430).] 

C with Br 2 in pres, of Fe (70) or in liq. SO 2 at room temp, for 14 hrs. (100% yield (72)) 
evolves HCl and gives l,2-dibromo-2-methylbutane (isobutylene dibromide) [Beil. 1-127, 
Ii-(41), Isr(90)], b.p. 149.0°. 

Reactions of the halogen atom of C. The tertiary chlorine atom of C is very reactive 
and therefore readily hydrolyzed or alcoholized. — C on shaking with aq. for 24 hrs. at 
room temp. (6) or C on refluxing with 2 vols. aq. for 8 hrs. (71% hydrolysis (72)) yields 
<6 ?^BuOH (1:6140); note rate of hydrolysis of C is greater in pure aq. than in 5% aq. 
Na2C08 (72); for use of this facile hydrolysis in removal of C from isobutyl chloride (3 : 7135) 
see under latter). [For details of studies of kinetics of hydrol. of C under various circum- 
stances, e.g., in aq. ale., see (73) (74) (75) (6) (11); in formic acid (14) (77) (78).] [For 
use in prepn. of fer-butyl ale. (1 : 6140) see (79).] 

[C (2 moles) in ether shaken with Ag 2 C 08 (1 mole) gives (35% yield (114)) di-^-butyl 
ether, b.p. 106.6-107°, Z)f * 0.7658, ni? =« 1.3949 (114).] 
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[C im the presence of small amts. AICI3 exchanges halogen with reactive H atoms of 
certain hydrocarbons; e.g., C with 2,3-dimethylbutane (1:8615) -f- AlCls shaken for ^ min. 
at room temp, gives (23% yield (112)) 2-chloro-2,3-dimethylbutane (3:7600); C with 2,2,3- 
trimethylbutane (1:8544) + AICI3 shaken for 30-45 seconds gives (16% yield {112)) 
3-chloro-2,2,3-trimethylbutane (3:4020); for other examples see (112).l 

[C also undergoes alcoholysis: e.g., C shaken with equal vol. 60 mole % MeOH for several 
days (74) <11 ) seps. a non-aq. phase of (er-butyl methyl ether (1:7830), b.p. 65®; C with 
EtOH gives <11) ter-butyl ethyl ether (1:7860), b.p. 73®; for study of this equilibrium and 
detn. of these ethers see <11).] 

[For rate of reactn. of C with KI in acetone at 60® see (80); for reactn. of C with Ca 
formate yielding (77) (78) ter-butyl formate (1:3033), b.p. 83®, see indie, refs.; for conv. of 
C to esters by htg. with alkali salt of a suitable acid under press, at 125-225® in pres, of 
Cu and the use of this reactn. in sepn. of C from less reactive chlorine cpds. see (81).l 

[C readily condenses with arom. hydrocarbons and phenols: e.g., C with Al/Hg + CeHe 
gives (74.5% yield (109)) or C with CeHe + AICI3 gives (yields: 69% (82), 60% (83)) 
(62) (1) mainly <er-butylbenzene (1:7460), b.p. 168.8®, often accompanied by some p- 
(di-ter-butyl)benzene, cryst. from ale., m.p. 77® (82); this same condensation can also be 
effected in anhydrous HCl at 235® under press. (88% yield (84)) or in anhydrous HF 
(yield: 60% di- -f 10% mono- (85)). — C with toluene -j- AICI3 gives both p-icr-butyl- 
toluene and m-<cr-butyl toluene (in ratio of 30-^35/65-70, resp. (86)) but C with toluene 
in anhyd. HCl or HF (85) (22) cf. (113) gives exclusively (84) p-ter-butyltoluene, b.p. 188- 
189® ,nf> = 1.4930 (84). — For reactn. of C with naphthalene + AlCls (87) or Al/Hg (109) 
or C with m-cymene + AICI3 (88) see indie, refs.] 

[C with phenol (1 : 1420) in anhyd. HF gives (85% yield (89)) p-ier-butylphenol (1 : 1610) ; 
C with /3-naphthol (1 : 1540) + AICI3 gives (90) 4-((cr-butyl)naphthol-2, m.p. 102® (90). — 
C with anisole (1:7445) -f- ZnF2 gives (30,6% yield (91)) p-«er-butylanisole, but C does 
not react with anisole + AIF3 or with furan 4- ZnF2 (91).) 

[C with acetanilide -f- AICI3 in ethylene dichloride at — 10® gives (93% yield) A^-acetyl- 
p-ter-butylaniline (111).] 

C under proper conditions gives the corresponding RMgCl cpd.: e.g., C with Mg in dry 
ether as directed gives (yields: 80% (92), 62% (93), 60% (95)) cf. (94) ter-BuMgCl; this 
RMgCl cpd. undergoes the usual reactions (see also below under ©’s) including the fol- 
lowing: fcr-BuMgCl with O2 below 0® gives (80% yield (95)) ^er-BuOH (1:6140) q.v.; with 
acetyl chloride (1 mole) in CeH® gives (40-54% yield (92)) ter-butyl methyl ketone (pina> 
colone) (1:5425) (note, however, that <cr-BuMgCl with excess acetyl chloride takes a 
different course (97) and that with various other acyl halides the reducing action of the 
fcr-BuMgCl becomes conspicuous cf. (98) (99) (100)); C with ethyl chloroformate (3:7295) 
or diethyl carbonate (1:3150) gives (56% yield (92)) ethyl trimethylacetate (ethyl pivalate) 
(1:3117); with C itself to give (10% yield (96)) hexamethylethane (Ij 7090). 

C reacts with other RMgX cpds. in conventional fashion: e.g., C with MeMgCl gives 
(42-50% yield (108)) tetramethylmethane (neopentane) (1:8499); C with w-PrMgBr in 
ether 4- HgCl2 gives (yield 21% (101), 20% (110)) 2,2-dimethylpentane (1:8543); the 
numerous other reactions of ter-BuMgCl cannot be reviewed here. 

[For reactn. of C with Et2Zn and numerous homologs see (102).] 


® fer-Butyl alcohol (1:6140): m.p. 25.6®, b.p. 82.6®. [From C by shaking with aq. 
for 24 hre. at room temp. (6), or on refluxing with 2 vols. aq. for 8 hrs. (72), neutraliz- 
ing with Na^COs, salting out the alcohol with NaCl, drying over anhyd. Na2C03i and 
distilling.] 

(0 Trimethylacetic acid (pivalic acid) (1 :0410): m.p. 36.5®, b.p. 163-164®. [From C by 
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conversion to <er-BuMgCl (see above) and reactn. of latter with dry CO 2 (yields based 
on C, 76% (92>, 62% (93>, 42.5% (17)) {94>.J 

® Trimethylacetic anilide (pivalanilide) : m.p. 132-133^ u.c. (103), 132.5-133^ (17). 
(From C by conv. to /er-BuMgCl (see above) and reactn. of latter with phenyl iso- 
cyanate in dry ether (17) <103) <104).) 

(g Trimethylaceto-^-toluidide (pivalo-^-toluidide): m.p. 119-120° u.c. <103). [From 
C by conversion to ter-BuMgCl (see above) and reactn. of latter with p-tolyl isocyanate 
in dry ether <103).] 

® Trimethylaceto-a-naphthalide (pivalo-a-naphthalide): m.p. 146-147° u.c. <103). 
[From C by conversion to fer-BuMgCl (see above) and reactn. of latter with a-naphthyl 
isocyanate in dry ether <103).] 

/cr-Butyl mercuric chloride: long ndls. from aq. acetone as directed <105), m.p. 

122-123° dec. <105). [From ter-BuMgCl with HgCl 2 <105).] 

S-fer-Butylisothiourea picrate: m.p. 169-161° <106). [From C with thiourea on 

htg. in ale. followed by conversion of the resultant hydrochloride to picrate <106); 
note, however, that, because of the lability of the ter-butyl radical, reactions carried 
out in MeOH or EtOH may give the corresp. iS-methylisothiourca picrate, m.p. 224°, or 
S-ethylisothiourea picrate, m.p. 188°, and this definitely occurs <107) starting with 
fcr-butyl iodide.] 

iV-(fer-Butyl)phthalimide: unreported. 

/cr-Butyl 2,4,6-triiodophenyl ether: unreported. 

fer-Butyl a-naphthyl ether: unreported. 

fer-Butyl /3-naphthyl ether: unreported. 
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ACETYL CHLORIDE 

CH 3 — C=0 

CjHjOa Beil, n - 173 

B.P. 

(Ethanoyl chloride) 

k 

F.P. 

ni-( 79) 
n8-(i7«) 

55° 

at 760 mm. ( 1 ) 

“113.0° ( 6 ) 

1 ^® = 1.0983 (5) 

51-53° 

53° 

at 761 mm. (2) 
at 737 mm. (3) 


1.0983 <11) 

51-53° 

51-53° 

(12) 

at 720 mm. (4) 


1^"* = 1.1037 <12) 

51.8° 

(5) 


= 1.1044 (8) 

51.0° 

at 760 mm. (6) 


ni® = 1.3878 (6) 

50.93° 

at 746 mm. (7) 



50.6° 

50.3° 

at 766 mm. (8) 

(9) 


ng® = 1.38831 (12) 

50.08-50.13° at 741 mm. (10) 


= 1.38976 (4) 

50° 

at 740 mm. (13) 


1.3887 (8) 


^ Colorless mobile liq. with sharp and penetrating odor. — Note that ordinary samples of 
G may (according to their method of preparation) contain more or less PCI 3 (b.p. 75.96° at 
760 mm.), POCI 3 (b.p. 107.2° at 760 mm.), SOCI 2 (b.p. 78.8°), AcOH (b.p. 118.2°), AC 2 O 
(b.p. 140.0°), or various acetylated derivs. of phosphorous acid (if present in large amt. the 
last in part form a white ppt. on long stdg.), removal of which is difficult, the presence of 
these impurities doubtless accounts for various instances of abnormally high b.p.’s cf. (7). — 
C may be freed from dissolved HCl and from AcOH by distn. with dimethylaniline (13) or 
by treatment with powdered basic oxides, hydroxides, carbonates, etc. (14). 

PREPARATION OF C 

C can be prepared from various sources with a wide variety of reagents; examples of the 
more important types of combinations are given below grouped under indicated subhead- 
ings. — It must also be recognized that many other processes (notably for manufacture of 
AC 2 O) involve the formation of C but immediately utilize it without separate isolation; 
these caimot be included here. 

Preparation of C from AcOH. [For prepn. of C from AcOH with PCls (79% yield (20)) 
(15) (16) (7) (17) under press, at 80° (yield 100% (18)) or in AC 2 O (85% yield (19)) see 
indie, refs, (note particularly the fonnn. of AC 2 O and of AcO.P(OH )2 discussed in (17)): 
with PCI 3 - 1 - ZnCl 2 (90% yield) see ( 20 ); with PCls (80% yield ( 20 )) ( 21 ) see indie, refs.; 
with POCls (22) (23) see indie, refs.; with P 2 O 6 + HCl gas at 0° see (24) (25); with P -h CI 2 
in POCI 3 see (26).] 

[For prepn. of 6 from AcOH with SOCI 2 (46% yield (20)), with S 2 CI 2 + CI 2 at -’4° in 
pres, of Fe (95.5% yield (27)), with ClSOsH (20-25% yield (28)); with sodium chloro- 
Bulfonate (29) in pres, of NaCl or Na 2 S 207 (30) (31), or with SiCU in toluene (85% yield 
(32)), see indie, refs.] 

[For prepn. of C from AcOH with COCI 2 (3:5000) at 110-120° (33) in vapor phase at 160° 
over MgCl 2 on diatomaceous earth (34) cf. (35) (36); with an arylsulfochloride such as 
p-toluenesulfonyl chloride + NaCl (30); with another org. acid chloride such as chloroacetyl 
chloride (3:5235) (37), dichloroacetyl chloride (3:5290) (38), or benzoyl chloride (3:6240) 
(yield 85-88% (39), 70% (42)) (40) (41); with benzotrichloride (3:6540) (90% yield (42)) 
see indie, refs.] 

Preparation of C from salts of acedc add. [For prepn. of C from NaOAc (or other 
metallic acetates) with PCKJls (43) (44); with SO 2 CI 2 (45) (46); with sodium chlorosulfonate 
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(29) cf. (30); with SiCU (47) (48); with COCL at 120 ® under press. (49); with p-toluene* 
sulfonyl chloride (60); with benzoyl chloride (3:6240) (40) see indie, refs.; from NaOAc/ 
H 2 SO 8 compd. with CI 2 see (51).] 

Preparation of C from acetic anhydride. [For prepn. of C from AC 2 O (1 : 1016) with CI 2 
(62); with dry HCl gas at 100® (52) or in continuous process at 85-90® (93% yield (53)) or 
under 18-42 atm. press. ( 100 % yield (54)); with PCls (15); with PCI 5 ( 21 ); with SOCI 2 at 
20-25® (SO 2 being evolved) (56), or with sodium chlorosulfonate (29) see indie, refs.] 

[For prepn. of C from AC 2 O (1 : 1015) with phosgene (3:6000) + cat. (56); with benzoyl 
chloride (3:6240) (77% yield (42)) (41) (40); with oxalyl (di)chloride (3:5060) (80-95% 
yield (57)); with benzo-trichloride (3:6540) -f ZnCl 2 _( 33 % yield (58)); with benzyl chlo- 
ride (3 : 8535 ) cat. (59) see indie, refs. ; for formn. of C as by-prod, from reactn. of ethylene 
with CI 2 in AC 2 O see (60).] 

Preparation of C from methyl chloride. [For prepn. of C from CH 3 CI (3 : 7005) with CO 
at 700-800® over pumice contg. sodiiun metaphosphate (61) or with CO, COCI 2 , or COS at 
700-900® in pres, of metallic cat. (62) see indie, refs.] 

Preparation of C from miscellaneous sources. [For prepn. of C from 1,1,1-trichloro- 
ethane (mcthylchloroform) (3:5085) by partial cat. hydrolysis (63) (64); from ketene •+• 
liq. HCl (65) or with HCl gas over activated carbon at 100® (100% 5 neld ( 66 )); from ethyl, 
isobutyl, isoamyl, benzyl, phenyl, or p-tolyl acetates with SiCU (67); from a-chloroethyl 
acetate (3:7625) ( 68 ) (69) or a,/J-^chloroethyl acetate (69) with ZnCL ( 68 ) or over pumice 
at 250-300® (69); from /3-bromo-a,/9-dichlorovinyl ethyl ether with AcOH (70); from acetyl 
bromide with HCl gas at ord. temp. (71); from i\r,iV-diacetylaniline (diacetanilide) with 
HCl gas at 160-170® (72); from diacetyl sulfite (see below) with SOCI 2 (73) see indie, refs.] 

PYROLYSIS OF C 

[C in absence of cat. is stable to heat up to at least 450® (74). — C passed at 700-850® 
over hot Pt wire gives ethylene -}- CO -f HCl (75)^ but at 400® over Pt on pumice gives (74) 
45% MeCl (3:7005) + 49% CO + 5% H 2 . — 6 over Cu filings at 350® is partially de- 
composed yielding (74) MeCl (3:7005) -h CO CO 2 -f H 2 -h dehydroacetic acid (1:0700) 
4 - acetone. — C over ZnCL on pumice at 400® gives (74) JHCl + dehydroacetic acid (1 : 0700) 
-|- gas mixt. contg. 87% CO 2 + 4% CO 4- 2 % H 2 . — C over Ni at 420® gives (76) HQ 4- 
gas mixt. contg. 62% CO -{-32% H 2 . — For studies on pyrolysis of C over AI 2 O 3 , CU 2 CI 2 , 
CuO, Ni, etc., see (74).] 

REACTIONS OF C WITH INORGANIC REAGENTS 

Reaction of C with H 2 O (hydrolysis). C reacts violently with aq. hydrolyzing to AcOH 
( 1 : 1010) -j- HCl (for kinetic studies see (77)); for use of this reactn. in volumetric detn. of 
H 2 O in org. liquids see (185) (78). — Because of its ease of reactn. with aq. C is widely 
used for condensations, ring closures, etc. 

Reaction of C with NH 3 and similar cpds. C with cold cone. aq. NH 4 OH (16) or C with 
liq. NH 3 ( 79 ) gives (yields: 77% (16), 88 % (79)) acetamide, very sol. aq., m.p. 81.6®, 
b.p. 222® (best recrystd. from dry AcOEt by addn. of dry ether). 

[The direct reaction of C with NH 2 OH (or its salts) seems to be unreported, but the 
presumable prod., viz., iV-acetylhydroxylamine (acethydroxamic acid) [Beil. 11-187, Hi- 
(85), Il2-(184)], very eas. sol. aq. or ale., insol. ether, cryst. from EtOAc, m.p. anhydrous 
89®, contg. crystal aq. 67®, has been obtd. indirectly.] 

[The direct reactn. of C with hydrazine hydrate, NH 2 .NH 2 .H 2 O, seems to be unreported, 
but the presumable prod., viz., acethydrazide (acetylhydrazine) [Beil. 11-191, IIi-( 86 ), 
n 2 -( 185 )), ndls. from ale., m.p. 67®, has been obtd. by indirect means.] 
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Reaction of C with halogens. [C with CI2 in CCI4 in light <80) or in pres, of I2 (82) gives 
mainly chloroacetyl chloride (3:5235); for study of mechanism of chlorination see (81); 
for influence of C on chlorination of AcOH or AC2O see (82), on bromination of AcOH see 
(83).l 

[For studies of C with Br2 see (84) (85) (86).] 

Reaction of C with inorganic acids. [C with dry HBr gas for 2 hrs. gives (80% yield 
(87)) acetyl bromide [Beil. 11-174, IIi-(79), ll2-(176)], b.p. 76.7° at 760 mm., Di*® * 
1.6625, wd ® = 1.45370; for details on this equilibrium see (88).] 

[C with 3 pts. dry HI in the cold gives (70% yield (87)) (89) acetyl iodide [Beil. 11-174, 
III- (80), II2- (177)1, b.p. 104-106° at 735 mm. (89) (for studies of use of Acl in splitting 
of aliphatic ethers (90) or in addn. to unsatd. hydrocarbons (91) see indie, refs.).] 

[C with cold cone. H2SO4 (1 mole) forms a mol. cpd. (88) (92) which can even be obtd. 
in cryst. form (92); this cpd. loses HCl only upon htg. (88) (92), and the residual acetyl 
hydrogen sulfate [Beil. 11-170, lIi-(78), Il2-(174)] which might he expected is transformed 
into sulfoacetic acid and other prods. (92). — C with nitrosylsulfuric acid in CCI4 evolves 
NOCl and yields acetyl HSO4 which rapidly changes to sulfoacetic acid (93).] 

[C with CISO3H stood for several days (94) (95) evolves HCl and forms the transient 
acetyl sulfonyl chloride, CH3.CO.O.SO2CI; above 45° this intermediate rearr. to sulfoacetyl 
chloride which with water hydrolyzes to sulfoacetic acid; C with CICO3H at 60-140°, 
however, also undergoes condensation involving 4 moles of C with evoln. of HCl and 
formn. of an acid chloride which on hydrolysis with aq. gives (3% yield (94)) a monobasic 
acid of compn. 0811804 [Beil. XVIII-4121, m.p. 99°, which is either 2,6-dimethylpyrone-4- 
carboxylic acid-3 or 2-methylpyrone-l,4-acetic acid-6 (96); note that this acid is isomeric 
with but distinct from dehydroacetic acid (1:0700), m.p. 109°. — Note also that C in 
AcOH boiled with cone. H2SO4 gives (97) traces of 2,6-dimethylpyrone.] 

[C with solid H2O2 (0.6 mole) yields (98) about 60% acetyl hydrogen peroxide (peracetic 
acid) [Beil. 11-169, IIi-(78), Il2-(174)] accompanied by some diacotyl peroxide [Beil. 11-170, 
IIi-(78),Il2-(174)]. — C with liq. H2S yields (99) ^‘dithioacetic acid anhydridc,^^ (CH3.CS)2S, 
white cryst., m.p. 225° (99); note that, although neither C nor AC2O separately treated 
with H2S gas shoivs any appreciable reaction, yet AC2O contg. 2% C absorbs H2S giving 
(70% yield (100)) thiolacetic acid [Beil. 11-230, IIi-(lOl), Il2-(208)], CHs.CO.SH, b.p. 93°. 
— C (4 moles) with H2S3 + ZnCl2 yields (101) diacctyl trisulfide.] 

Reaction of C with salts of inorganic acids. [C with metal oxides in CHCla at —60 to 
—20° yields (102) the corresp. metallic chlorides. — C with Sb2S3 at 300-350° (103) or 
with K2S (104) gives diacetyl sulfide [Beil. 11-232], b.p. 120°. — C with PbSOs gives (72) 
diacetyl sulfite which with SOCI2 gives C + SO2 (72). 

[C (6 pts.) with KNO3 (first fused, then powdered) (1 pt.) (105) or C with Pb(N08)2 
(106) gives mainly (yields: 81-85% (105), 58% (106)) acetic anhydride (1:1015).] 

[C with NaNa in di-isoamyl ether stood overnight (108) (109), then warmed at 60-70°, 
evolves N2 and gives (86% yield (107)) methyl isocyanate [Beil. IV-77, IVi-(337), IV2- 
(578)], b.p. 27.4-27.8°; note, however, that C with NaNa in AcOH evolves N2 and gives 
(60-63% yield (110)) A-methylacetamide, m.p. 27-28°, b.p. 202-204° (presumably by 
cleavage of the CH3NCO and acetylation of the MeNH2).] 

[C with NaHF2 in AC2O (111), with KF in AcOH (41) (42), AgF (112), ZnF2 (112) (113), 
HgF2 (114), CeHfiHgF (115), SbFj (112) (116), or AsFs (112) gives (yields: 132% on C or 
66% on NaHFa (111), 76% (41) (42), 40% (113), 30.8% (116)) acetyl fluoride, b.p. 20.8° 
at 770 mm.] 

[C with AICI3 in CS2 at —10° gives (117) a mol. cpd., C.AICI3, as a pale yel. gummy mass; 
C with AlCl8.Et20 gives EtOAc (70% yield (118)) -f EtCl (3:7016) -f AlCla- — C (1 mole) 
with AICI3 (6 moles) in CHCI3 gives (124) (CH8C0)2.CH.CCl2.0.AlCl2 (125) which with 
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aq. yields (124) (126) acetylacctone (1 : 1700). — Note also that C forms other analogous 
complexes: e.g., C.BCI3 (119), C.BF3 (119), C.SbCls (119) (for use of these in splitting of 
ethers see (119)).] 

[C with 2 pts. sublimed FeCls in CS2 for 24 hrs. gives (small yield (120)) dehydroacetic 
acid (1:0700).] 

[C with Cal2 in s.t. at 70-75® for 120 hrs. gives (121) acetyl iodide (see above under HI).] 

Reaction of C with esters of inorganic acids. (C with Me2S04 (1 mole) -f trace of ZnCl2 
at 140-150® evolves HCl and gives (20-25% yield (122)) dimethyl sulfoacetate, b.p. 155- 
165® at 20-22 mm. (122). — C + di-n-propyl sulfite + trace ZnCl2 at 170-200® gives (80% 
yield (123)) n-propyl acetate (1:3075).] 

Reaction of C with metals. [C in excess with metallic Zn gives a solid of compn. C16H18O4 
(126), now (127) thought to be 3,8-diacetyl-5,6-dimethyldecatetraene-3,4,6,7-dione-2,9. — 
C with metallic Zn in dry ether yields (128) EtOAc (1:3015) and AcOH (1:1010). — C 
with metallic Zn in dry dioxane (1:6400) gives (85% yield (128)) (129) ethylene glycol 
diacetate (1 : 3511). — C with CuH evolves H2 and gives (130) cf. (131) EtOAc (1 : 3016) -f 
ethylidene diacetate (1:3383).] 

REACTIONS OF C WITH ORGANIC REAGENTS 
Reactions of C with Hydrocarbons 

Reactions of C with alkanes. [C with n-butane (or isobutane) + AICI3 at 60® for 15 
hrs. under press, gives (small yield (132)) isobutyl methyl ketone (1:5430). — C with 
n-pentane -f AICI3 at 15® at ord. press, gives (10% yield (133)) (134) 2,3-dimethylpenta- 
none-4 (iimyw.-isopropyl-methyl-acetone) [Beil. 1-703, Ii-(360)], b.p. 135-136® (oxime, 
b.p. 101-105® at 20 mm,, semicarbazone, m.p. 114® (133)) accompanied (134) by some 
2,3-dimethylpenten-3-one-2 (unsi/m.-isopropylidene-methyl-acetone) [Beil. l2-(796)] (cor- 
resp. semicarbazone, m.p. 192.5® (134)). — C with n-hexane -f AICI3 in similar fashion 
gives (7% yield (135)) (134) 3-ethyl-2-methylpentanone-4 (?/ws7/m.-ethyl-isopropyl-acetone) 
[Beil. 1-707], b.p. 154-155° (semicarbazone, m.p. 120® (135)) accompanied by a little 3- 
ethyl-2-methylpenten-2-one-4 (wrisi/Ayi.-ethyl-isopropylidene-acetone), b.p. 177-178® (semi- 
carbazone, m.p. 220® (135).] 

Reactions of C with alkenes. [C in the pres, of suitable cat. can add to olefin linkages 
forming halogenated ketones: e.g., C with ethylene + AICI3 at 0° (137) (138) or C -j- 
ethylene over activated carbon at 100° and 50 atm. (139) gives (yields: 53% (136), 33% 
(137)) (138) cf. (60) /3-chlorocthyl methyl ketone (3:7640) (note that C + ethylene + 
AICI3 in CS2, latter subsequently replaced by Celle, goes further yielding (140) benzyl- 
acetone [Beil. VII-314, VIIi-(167)], b.p. 235°). — For studies of analogous cat. addn. of 
C to 2-methylbutene-2, 2,3-dimethylbutene-2, and 2-methylhexene-2 see (141).] 

Reactions of C with alkynes. [C in the pres, of suitable cat. can also add to a triple 
unsatd. linkage yielding olefinic chloroketones: e.g., C with acetylene -f AICI3 at 15° (142) 
(143) or other cat, (143) gives (25% yield (142)) /8-chlorovinyl methyl ketone, b.p. 35-38® 
at 12 mm. (143). — C with butyne-1 (ethylacetylene) -f Sn(3l4 gives (144) 4-chlorohexen- 
3-one-2, b.p. 46-53® at 10 mm., Z>4® *= 1.0973, nff = 1.4906 (144); for analogous reactions 
with pentyne-1, hexyne-1, hexyne-3, heptyne-1, octyne-4, dec3me-5, and dodecyne-6 
together with corresp. constants of prods, see (144).] 

Reaction of C with cycloparafflns (cycloalkanes). [C in the pres, of AICI3 also condenses 
with cycloalkanes eliminating HCl; e.g., C (1.9 moles) -|- cyclopentane (1:8400) (5.4 
moles) + AICI3 (2.2 moles) at 0® gives (145) cyclopentyl methyl ketone (acetylcyclopentane), 
b.p. 159.5-160.5° at 760 mm., Dio = 0.9172, n =1? 1.44351 (145) (semicarbazone, m.p. 
142-143® (145)); C -f methylcyclopentane (1:8403) -f AICI3 similarly gives (145) 1- 
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methylcyclopentyl-2 methyl ketone (l-acetyl-2-methylcyclopentane) accompanied by 
some l-methylcyclopenten-l-yl-2 methyl ketone (l-acetyl-2-methylcyclopentene-l) (see 
below).! 

[C in the pres, of AICI 3 also condenses with cyclohexane, but here the reaction involves 
in addn. a change from a 6-membered to 6-membered ring: e.g., C with cyclohexane (1 : 8405) 
+ AlCls gives (135) (146) (147) (148) l-methylcyclopentyl-2 methyl ketone (l-acetyl-2- 
methylcyclopentane), b.p. 167-168® at 759 mm., dJ® = 0.8976, nf? =* 1.4404 (semicarba- 
zone, m.p. 162.5-163® (148), 158® (146); p-nitrophenylhydrazone, m.p. 102.5® (148)), ac- 
companied under certain circumstances (135) by l-methylcyclopenten-l-yl-2 methyl 
ketone (l-acetyl-2-methylcyclopentene-l), b.p. 185-187® (135) (oxime, m.p. 85-85.5® 
(148), p-nitrophenylhydrazone, m.p. 162® (148), semicarbazone, m.p. 221® (148), 220® (135)); 
note that various hydrocarbon by-products are also formed. — C + methylcyclohexane 
(hexahydrotoluene) (1:8410) + AICI 3 at room temp, similarly gives (149) l-acetyl-2,3- 
dimethylcyclopentane, b.p. 182-184® at 754 mm., Dio = 0.8969, ni? = 1-44551 (semi- 
carbazone, m.p. 152®) (149).] 

Reaction of C with cycloalkenes. [C in the pres, of suitable cat. adds to unsatd. linkages 
of cycloalkenes : e.g., C with cyclopentene (1:8037) 4- AICI 3 (2 moles) in cyclohexane at 

— 15® gives (50% yield (150)) cyclopentyl methyl ketone (1-acetylcyclopentane) (for 
constants see above under C -f- cyclopentane); note,* however, that C + cyclopentene 
(1:8037) + Aids at —14® in CS 2 (the latter being subsequently replaced by benzene) 
gives (140) l-acetyl-3-phenylcyclopentane (note rearr.).] 

[C with cyclohexene (1:8070) + AICI 3 (2 moles) in cyclohexane gives (53% yield (150)) 
cyclohexyl methyl ketone ( 1 -acetylcyclohexane) [Beil. VII-22, VIIi-(16)]. — C with cyclo- 
hexene (1:8070) - 4 - AICI 3 (i mole) in CS 2 gives ( 21 % yield (151)) (152) cyclohexen-l-yl -1 
methyl ketone (1-acetylcyclohexene-l) (tetrahydroacetophenone) [Beil. VIl-58, VIIi-(49)l, 
b.p. 201-202®, Di® = 0.9655, * 1.4881 (oxime, m.p. 99®, semicarbazone, m.p. 220-221®). 

— C with cyclohexene (1:8070) + AlCls m CS 2 at —15® gives by addn. a prod, supposed 
(153) to be 2-chlorocyclohexyl-l methyl ketone (since it can be converted by loss of HCl 
to tetrahydroacetophenone (above)) but which when reacted with CeHe + AICI 3 gives 
(140) 4-phenylcyclohexyl-l methyl ketone (l-acetyl-4-phenylcyclohexane); in just which 
phase rearr. occurs has not been established with certainty.] 

Reaction of C with aromatic hydrocarbons. C with aromatic hydrocarbons in the 
presence of various cat. (notably AlCls) evolves HCl and yields aryl methyl ketones; 
examples are cited in the following paragraphs. 

[C with CeHe H- AICI 3 (154) in CS 2 (155) ©ves (70% yield (155)) methyl phenyl ketone 
(acetophenone) (1:5515) accompanied by a little l,3-diphenylbuten-2-one-l (dypnone) 
cf. (155); for study of relative reactivity in this sense of AcF, AcCl, AcBr, and Acl see (111); 
for study of influence of other cat., e.g., FeCls (156) (157), TICI 3 (158), ZrCU (159), UCI 4 
(160), BeCl 2 (161), A1 powder (162) or Cr powder (163), or for study of effect of various 
solvents with Aids (164) see indie, refs.) 

[C with toluene -f- Aids gives (70% yield (165)) (166) methyl p-tolyl ketone (1:5530); 
for study of use of Beds (80% yield (161)) or of 39 other metallic chlorides (167) (168) 
see iudic. refs. — For reactn. of C -h Aids with a long series of homologous monoalkyl- 
benzenes see (169) (170), with p-cymene (1:7505) see (171); many other, similar cases 
cannot be included here.] 

[C with naphthalene (1 :7200) -f Aids in CS 2 gives a mixt. (75% yield (172)) comprising 
50-60% 1 -acetylnaphthalene (1:5600) -f 15-20% 2-acetylnaphthalene (1:5153). — C 
with 1-methylnaphthalene (1:7600) + Aids in nitrobenzene at —3® gives (173) cf. (174) 
l-aceto-4-methylnaphthalene; C with 2 -methylnaphthalene (1:7605) -f AICI 3 in nitro- 
benzene gives a mixt. (64% yield (175)) comprising mainly 6^cetyl-2-methylnaphthalene 
accompanied by some 8 -acetyl- 2 -methylnaphthalene.] 
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[C with biphenyl (1:7176) + AlCl* in CS2 (176) or CeH# (177) gives (yields: 90% (176), 
70% (177)) 4-acetylbipheny) (p-phenylacetophenone) (1:6201); under appropriate con- 
ditions C with biphenyl + AICI3 in CS2 gives (yields: 45% (176), 43% (178)) 4,4'-diacetyl- 
biphenyl.] 

[C with acenaphthene (1:7225) + AICI3 in nitrobenzene (179) or with liq. HF (180) 
gives (29% yield (180)) l>acetoacenaphthene.] 

[Friedel-Crafts condensation can also be carried out with 0 and heterocyclic systems: 
e.g., C with thiophene + SnCU in CeHe gives (7^83% yield (181)) 2-acetylthiophene 
(methyl 2-thienyl ketone); C with thionaphthene -|- AICI3 in CS2 gives (30% 3deld (182)) 
3-acetylthionaphthene.] 

Reactions op C with Organic OH (or SH) Compounds (or Their 
Metallic Derivatives) 

Reactions of C with alcohols. [C reacts with ales, in'gencral yielding the corresp. acetates : 
e.g., C with MeOH (1:6120) yields methyl acetate (1:3005), C with EtOH (1:6130) 
yields EtOAc (1:3015), etc.; for studies on rate of reactn. of C with EtOH in ether (1), or 
with /8-chloroethyl ale. in dioxane (182) (183), or with benzyl ale. or cyclohexanol (182) 
see indie, refs.] — For use of C in quant, detn. of OH groups in prim, and sec. ales, see (186) 
(187) (188) cf. (185). 

[Special interest, however, attaches to reaction of C with (er-alcohols: under ord. condi- 
tions these react with C to exchange Cl for OH yielding alkyl chloride -f AcOH (e.g., 
C + icr-butyl ale. giving ier-BuCl + AcOH) ; note, therefore, that under special conditions 
C with icr-alcs. also gives the corresp. esters; e.g., C with ier-butyl ale. (1:6140) in dry 
ether + Mg (189) (190) or dimethylaniline (191) or in xylene with pyridine (192) gives 
(yields: 98% (192), 83% (189), 63-68% (191), 45-66% (190)) icr-butyl acetate (1:3057); 
other ter-eiics, (189) and other acid chlorides (191) behave similarly.] 

[For reactn. of C with cellulose (or cotton) see (193) (194) (196); with polyoxymethylenes 
8eejl96).] 

[C with mercaptans yields the corresp. thiolacetates: e.g., C with C2H6SH gives (80% 
yield <197» ethyl thiolacetate, CHjCO.S.CjHs, b.p. 116-117°, = 0.9755, ng = 1.4503 

(197).] 

Reactions of C with phenols. C can react with phenols in either or both of two modes: 
on one hand it can acetylate the phenolic OH yielding the corresp. phenol acetates, or in 
the pres, of suitable cat. or solvents it can condense with one or more of the nuclear H 
atoms yielding phenolic ketones. Furthermore the phenol acetates can more or less 
readily be caused to rearr. into phenolic ketones (Fries rearr.) so that the chemistry of the 
two classes is closely related and so voluminous that it cannot be given extensive discussion 
here. 

[C with phenol (1 : 1420) directly (198) (199) or in CeHc -j- Mg (200) gives (yields: 92% 
(200), 90% (199)) phenyl acetate (1:3571); other mono-, di-, and polyhydric phenols 
behave analogously.] 

[C with phenol {1 : 1420) + FeCU in CS2 (156) (201) or phenyl acetate (above) -h AICI3 
in nitrobenzene at 20-25® for 24 hrs. (202) gives (yields: 75% (202), 33% (201)) p-hydroxy- 
acetophenone (1 : 1627), m.p. 109® (for extensive review of the Fries rearr. reactn. see (203)); 
the corresp. analogous reactns. of C with other mono-, di-, and polyhydric phenols are 
legion and will not be cited here.] 

[For study of series of mol. cpds. of C with various benzeneazophenols see (230).] 

Reaction of C with phenol ethers. With phenol ethers where no phenolic OH remains 
to interfere C reacts in the pres, of suitable cat. in the Friedel-Crafts sense: e.g. [C (2 moles) 
with methyl phenyl ether (anisole) (1:7445) (1 mole) + AlCls (2 moles) gives (75% yidd 
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(204)) (205) p-methoxyacetophenone (p-acetylanisole) (1:5140); note that C 4- anisole 
do not react in the pres, of AIF 3 or ZnF 2 (111). — Countless analogous condensations of 
C with other phenol ethers cannot be discussed here]. 

Reaction of C with enols (or their metallic derivatives). [The reaction of C with ethyl 
acetoacetate (1 : 1710) leads according to circumstances to either or both of two very closely 
similar derivatives; one of these is ethyl 0-acetylacetoacctate (ethyl /3-acetoxycrotonate) 
(A) [BeU. III-373, IIIi-(135), IIl2-(255)], b.p. 212-214® si. dec. (206), Z)f = 1.060 (207), 
tid = 1.4447 (207); the other is ethyl a-acetylacetoacetate (ethyl diacetylacetate) (B) 
[Bed. III-751, IIIi-(263), 1II2-(467)1, b.p. 209-211® (208), DJ® = 1.093 (207), nf? - 1.4687 
(207); note that the latter (B) as liquid is 100% enolized (209) (210) and this prop, is used 
(211) for detn. of both A B in their mixtures. — Note furthermore that the O-ester (A) 
by suitable htg. (212) (213) (214) (215) (216) can be converted to the isomer (B).l 

[C with ethyl acetoacetate (1 : 1710) in pres, of pyridine (217) or C with its Na enolate 
in ethvT (219) or its Cu enolate in ether or CcHe (220) gives mainly the 0-acetyl deriv. (A) 
(above); C with ethyl sodioacctoacctate in ether (221) (222) (223) (226) or pet. ether (216) 
or with the Ca enolate in CeHe (224) or C with ethyl acetoacetate + Mg in CeHe (225) 
(226) gives (yields: 65% (224), 46-52% (225)) ethyl diacetylacetate (B above) (Cu enolate, 
m.p. 151® (226)).! 

[For study of influence of C on'rate of enolization of ethyl acetoacetate sec (228); for 
formn. of ethyl 0-acctylacetoacetate (isomer A above) from C -f ketene diethylacetal 
(30% yield together with other prods. ) see (229).] 

Reaction of C with acids or their salts. [C on htg. with NaOAc or othtir metal salts of 
AcOH yields acetic anhydride (1 : 1015); this rcactn. is well known and will not be amplified 
here; C with salts of acids other than acetic gives m some cases the corresp. mixed anhydride, 
in others only the anhydride of the second acid. E.g., C (1 mole) with dry Na isovalerate 
(1 mole) gives at 120® the mixed anhydride contg. 1 acetyl and 1 isovaleroyl radical (231); 
on the other hand, C with dry Na cinnamate gives only cinnamic anhydride (231); many 
other examples arc known.] 

[C on htg. with AcOH under appropriate conditions (232) (233) (234) loses HCl giving 
good yields AC 2 O (1 : 1015).] 

Note that C in AC 2 O behaves as a weak acid and can actually be titrated with NaOAc 
in AC 2 O using methyl orange as indicator (235). 

Reaction of C with Amines (or Their Derivatives) 

Reaction of C with primary and secondary amines. C readily reacts with such amines 
to yield under ord. conditions the A-acctylated derivative: e.g., C with MeNH 2 gives N- 
methylacetamide [Beil. IV-58, IVi-(329), lV2-(563)], very sol. aq., m.p. 27-28°, b.p. 206°; 
countless other examples are known. Note that only 1 acetyl group is introduced into 
each amino group; also that C with a mixture of two amines gives mainly (or even exclu- 
sively) the N-acetyl deriv. of the more negative accompanied by the hydrochloride of the 
more positive (236). See also below under ®*s. 

Reaction of C with tertiary amines. C (1 mole) with pyridine (1 mole) directly (237) 
(238) or in CeHe (237) ppts. an addn. prod, (presumably AT-acetylpyridinium chloride), 
white cryst. turning red in light, m.p. abt. 100°, after darkening at 90°; for use of this cpd. 
in cleavage of phenol^ethers see (237). — For use of C -f pyridine in toluene as means of 
quant, detn. of OH groups see (186). 

[C (1 mole) with EtsN (I mole) in 10 vols. dry CeHe (239) or C in equal, vol. pyridine 
or picoline (238) yields dehydroacetic acid (1:0700), m.p. 209°.] 

[Note here also a novel method of intermolecular dehydrohalogenation: e.g., C with 
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lauroyl chloride (3:9858) -f EtaN in dry ether ppts. EtaN.HCl and yields (240) a mixt. of 
acetylketene (detene dimer) 4- lauroylketene and other prods. — Note further that since 
dehydroacetic acid (above) may be viewed as ketene tetramer, its formation from C with 
^-amines (above) may (241) involve preliminary formation of acetylketene followed by 
Diels-Alder addn. with a second identical molecule to give dehydroacetic acid.] 

Reaction of C with other miscellaneous nitrogenous systems. [C with diazomethane 
in dry ether yields (242) diazoacetone (acetyldiazomethane) [Beil. Ii-(396), l2-(823)] 
yel. liq., b.p. 49° at 13 mm. (242).] 

[C with oximes often is used to effect either dehydration to nitriles or Beckmann rearr. 
or both (for review see (243)).] 

[C with acetanilide refluxed for 7 hrs. gives (244) diphenylacetamidine; other anilides 
behave in analogous fashion (244). — However, C with acetanilide 4- AlCJls in CS 2 (245) 
or other inert solvent (246) gives Friedel-Crafts reactn. forming (57% yield (245)) p- 
(acetylamino)acetophenone [Beil. XIV-48, XIVi-(366)], m.p. 166-167°.] 

[C with thiosemicarbazide results in acetylation followed by elimination of HCl and ring 
closure yielding (247) (248) the hydrochloride, m.p. 110° (248), of 5-amino-2-methyl-l- 
thiodiazole-3,4 [Beil. XXVII-629], m.p. 235° (248). — For study of reactn. of C with 
Schifl’s bases see (249).] 

Reaction of C with Various Organometallic Compounds 

Reaction of C with Grignard reagents. [The normal reaction of C with 1 mole RMgX 
is to eliminate MgXCl and yield the corresp. ketone; e.g., C with EtMgBr in pres, of CdCla 
gives (46% yield (250)) ethyl methyl ketone (1:5405); in the presence of excess RMgX, 
however (and sometimes without excess), th^ ketone may react further to yield the corresp. 
tertiary alcohol; e.g., C with CeHsMgBr gives 39% yield (251) diphenyl-methyl-carbinol; 
countless other examples cannot be included here.] 

[Certain divergences from the above normal reaction have, however, now been recognized; 
these appear to be largely a function of the particular types of RMgX employed. E.g., 
C (0.5 mole) with benzyl MgCl (0.37 mole) in dry ether gives (instead of the expected 
phenylacetone (lj5118)) 24% yield (252) of o-methylacetophenone (1:5524).] 
(Furthermore C with Grignard reagents derived from tertiary alkyl halides is often 
reduced and the reactn. prod, then contains (in addn. to the normal prods.) other material 
derived from the reduction prods. E.g., C (in excess) with <er-BuMgCl gives (40% yield 

(253) (254)) <gr-butyl methyl ketone (pinacolone) (1:5425); note, however, that further 
study (255) (256) (13) has shown the formation of numerous other prods, including 2- 
methylpropane (isobutane), 2-methylpropene-l (isobutylene), carbon monoxide, ethyl 
acetate, pinacolyl acetate, and mesityl oxide. — For study of reactn. of C with fer- AmMgQ 

(254) (13) and other ter-RMgX cpds. (254) see indie, refs. — Note that even RMgX cpds. 
from even primary halides may effect reduction; e.g., C with 71 -BuMgCl gives (255) 13% 
hexanol-2 (1:6210) 4- 8% EtOH (1:6130).] 

[Note also that C with 2,4,6-trimethylbenzyl MgBr (mesityl MgBr) gives (257) mesitylene 
but no 2,4,6-trimethylacetophenone (acetomesitylene) although C with 2,4, 6- triphenyl- 
phenyl MgBr does give (258) the corresp. 2,4,6-triphenylacetophenone.] 

Reaction of C with other miscellaneous organometallic compounds. [C with diphenyl- 
methylsodium reacts to replace Na by H yielding (259) diphenylmethane (1:7120); C 
with phenylsilver gpves (260) 21% acetophenone (1:5515) 4- 40% biphenyl (1:7175); C 
with phenylcopper gives (260) 48-54% acetophenone (1:5515).] 

[C with Et 2 Mg gives (261) 3-methylpentanol-3 (1:6189) (not ter-butyl ale. ^ was 
formerly supposed); C with dibenzylzinc in pet. ether gives (262) 9% ketones; C with 
dibenzylcadmium in ether gives (262) 18% phenylacetone (1:5118); C with Et 2 Hg gives 
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(263) EtHgCl H", butanone-2 (1 : 5405), but C with dibenzylmercury or with benzylmercuric 
chloride shows little reaction {262) even after refluxing 2 weeks.] 

[C with tetraphenyltin in s.t. at 100® for 15 hrs. gives (very small yield (264)) of acetophe- 
none (1:5515); for reactn. of C with tetraethyllead and use in detn. of latter in gasoline 
see (265).] 

[C with triphenylbismuth in CCU yields (266) acetophenone (1:5515).] 

[C (2 moles) with Ni(CO )4 (1 mole) in pet. ether gives (267) 4CO + NiCl 2 + biacetyl 
the latter sepg. as a 1 : 1 addn. cpd. with the NiC^.] 

® Acetanilide: cryst. from hot aq., m.p. 114®. [From C with aniline (2 moles) followed 
by recrystallization to remove aniline hydrochloride. Note that even with aniline + 
aq. at room temp, acetanilide formn. occurs to extent of 35-45% but its proportion 
diminishes with increase of temp. (268).] 

® Acet-]>-tolui(lide: cfyst. from hot aq. or dil. ale., m.p. 153®. [From C + p-toluidine 
(2 moles) followed by recrystallization to remove p-toluidine hydrochloride.] 

® Acet-a-naphthalide: m.p. 159®. 

® Acet-/3-naphthalide: m.p. 132®. 

^-Acetophenylhydrazide 03-acetylphenylhydrazine) (C 6 H 6 .NH.NH.COCH 3 ) [Beil. 

XV.241, XVi-(63)]: m.p. 128-129®. [Note that «-acetphenylhydrazide [Beil. XV- 
236, XVi-(62)], m.p. 124®, is obtd. from a,/3-diacetylphenylhydrazine [Beil. XV-245, 
XVi-(64)], m.p. 107-108®, by partial hydrolysis.] 

/3-Acet-p-nitrophenylhydrazide [Beil. XV478]: yel. ndls. from ale., m.p. 205-206®. 

/S-Acet-2,4-dinitrophenylhydrazide [Beil. XV492]: yel. pr. from ale., m.p. 201® 

(269). 
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1568 (1929). <198) Hoeflake, Rec. trav. chim. 36, 30—32 (1916). <199) Adickes, Brunnert, 

Lilcker, J. prakt. Chem. (2) 130, 172-173 (1931). <200) Spassow, Ber. 75, 779-780 (1942). 

<201) Irvine, Robinson, J. Chem. Soc. 1027, 2091. <202) Rosenmund, Schnurr, Ann. 460, 88 
(1928). <203) Blatt, Chem. Reos. 27, 413-436 (1940). <204) Straus, Ann. 374, 139, Note (1910). 
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(206) Pratt» Robinson^ Williams, J. Chem, Soc. 125, 202 (1924). (206) Nef, Ann, 266,102-105 
(1891). (207) von Auwers, Ann. 416, 228-229 (1918). (208) Claisen, Zedel, Ann. 277, 172 
(1893). (209) Meyer, Ber. 46, 2854-2856 (1912). (210) von Auwers, Ann. 416, 185-186 (1918). 

(211) Seidel, Thier, Uber, Dittmer, Ber 69, 650-663 (1936). (212) Wislicenus, K6rber, Ber. 

34, 218, 3768 (1901). (213) Wislicenus. Ber. 38, 546-548 (1905). (214) Bouveault, Bongert, 

BuU. 80C. chim. (3) 27, 1163-1164 (1902). (215) Dieckmann, Stein, Ber. 37, 3373 (1904). (216) 

Machemer (to A. Wacker Ges. ftur Elektrochem. Ind.), Ger. 713,810, Nov. 16, 1941; Cent. 1942, 
I 2065; not in C.A. (217) Claisen, Haase, Ber. 33, 1242-1246 (1900). (218) Nef, Ann. 266, 
206-207 (1893). (219) Mingaason, Bull. hoc. chim. (4) 46, 716-718 (1929). (220) Michael, 

Carlson, J. Am. Chem. Soc. 68, 353 (1936). 

(221) James, Ann. 226, 210-213 (1884). (222) Elion, Rec. Irav. chim. 3, 248-252 (1884). 

(223) Michael, Ber. 38, 2088-2090 (1905). (224) Packendorff, Ber. 64, 948-949 (1931). (226) 
Spassow, Org. Syntheses 21, 46-47 (1941). (226) Spassow, Ber. 70, 2383-2384 (1937). (227) 

Seidel. Ber. 66, 1209 (1932). (228) Rice, Sullivan. J. Am. Chem. Soc. 60, 3054 (1928). 

(229) McElvain, Kundiger, J. Am. Chem. Soc. 64, 255, 258 (1942). (230) Fischer, Taurinisch, 

Ber. 64, 236-239 (1931). 

(231) Auteurieth, Thomae, Ber. 67, 423-437 (1924). (232) Kanonnikow, Saytzeff, Ann. 187, 
192 (1877). (233) M.L.B., Ger. 396,696, June 10, 1924; Cent. 1924, II 1401: Henle (to M.L.B.), 
Ger. 411,519, March 30, 1925; Cent. 1926, II 92. (234) I.G., Swiss 153,481, June 1. 1932; Cent. 
1932, II 3014. (235) Usanovich, Yatsimirskii, J. Gen. Chem. (U.S S.R.) 11, 957-958 (1941); 
C.A. 36, 6444 (1942). (236) Dains, J. Am. Chem. Soc. 28, 1183-1188 (1906). (237) Prey, 

Ber. 76, 543 (1942). (238) Dennstedt, Zimmermann. Ber. 19, 75-78 (1886). (239) Wedekind. 

Ann. 318, 100-101 (1901); Ann. 323, 247-249 (1902). (240) Sauer (to du Pont Co.), U.S. 

2,238,826, AprU 15, 1941; Cent. 1942, II 1403; C.A. 36, 4970 (1941). 

(241) Hurd, Abernathy, J. Am. Chem. Soc. 62, 1148 (1940). (242) Arndt, Amende, Ber. 61, 

1124 (1928). (243) Blatt, Chem. Revs. 12, 215-260 (1933). (244) Friedmann, Backeberg. 

J. Chem. Soc. 1938, 469-470. (245) Niyogy, Proc. Indian Acad. Sci. A-4, 305 (1936). (246) 
von Schickh (to I G.), Ger. 715,930, Jan. 9, 1942; Cent. 1942, I 1561; not in C.A. (247) Fromm, 
Ann. 447, 304 (1926). (248) Freund, Mcinecke, Ber. 29, 2516 (1896). (249) Tanasescu, Silberg, 

Bull. soc. chim. (5) 3, 224-239 (1936). (250) Gilman, Nelson, Rec. irav. chim. 56, 528-530 (1936). 

(251) Gilman, Fothergill, Parker, Rec. trav. chim. 48, 748-751 (1929). (252) Austin, Johnson, 

J. Am. Chem. Soc. 64, 656-659 (1932). (253) Whitmore, Badertscher, J. Am. Chem. Soc. 64, 

825-826 (1932). (254) Whitmore, Badertscher, J. Am. Chem. Soc. 66, 1564 (1933). (255) 
Whitmore, Rec. trav. chim. 67, 566-567 (1938). (256) Whitmore, Wheeler, J. Am. Chem. Soc. 

60, 2899-2900 (1938). (257) Smith. Webster. Guss, J. Am. Chem. Soc. 59, 1078-1082 (1937). 

(258) Kohler, Baltzley, J. Am. Chem. Soc. 64, 4015-4026 (1932). (259) Bergmann, J. Chem. 

Soc. 1936, 412-413. (260) Gilman, Straley, Rec. trav. cfnm. 66, 823, 825 U936). 

(261) Gilman, Schulze, J. Am. Chem. Soc. 49, 2328-2330 (1927). (262) Gilman, Nelson, 

J. Am. Chem. Soc. 61, 742 (1939). (263) Mel’nikov. Rokitskaya, J, Gen. Chem. {U.S.S.R.) 7, 

464r^66 (1937) , Cent. 1937, II 1557; C.A. 31, 4266 (1937). (264) Bost, Borgstrom, J. Am. Chem. 
Soc. 61, 1923 (1929). (265) Kiemstadt, Z. angew. Chem. 43, 1107-1108 (1929). (266) Challenger, 

Ridgway, J. Chem. Soc, 131, 112-113 (1922). (267) Reihlen, Gruhl, von HessUng, Ann. 473, 

277, 285-286 (1929). (268) Vies, Rec. trav. chim. 63, 961-962 (1934). (269) Strain, J. Am. 

Chem. Soc. 67, 758 (1935). 


3:7070 l-CHLOROBUTEN-3-YNE-l C 4 H 3 CI Beil. S.N. 13 

(l-Chloro- 2 -vinylacetylene) CH 2 =CH — CfeC — Cl 

B.P. 

55-57® at 760 mm. (1) (2) (3) (4) = 1.0032 (1) (2) n?? « 1.4663 (1) (2) 

1.0034 (4) 

D? = 1.021 (4) nL = 1.4698 (4) 

Colorless oil, not explosive when pure (3) (4). — C rapidly polymerizes on stdg. into 
black brittle solid sensitive to heat and shock ( 1 ); polymerization of catalyzed by u.v. 
light, peroxide, ozonides, etc. (2). After addn. of hydroquinone (3) C can be distd. at 
ord. press. 

[For prepn. of C from vinylacetylene by actn. of alkaline alk. hypochlorite solns. at 0® 
(yield 60-65% (4), 10% (1)) see (1) (2) (3) (4).) 
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C treated as directed at —10® with cone. HCl 4* CuCl + NH4CI pves (56% yield (4)) 
l,2-dichlorobutadiene-l,3 (3:9057) q.v. 

C with NH40H/AgN03 gives a white ppt.; with Ilosway reagt. a yel. ppt. (4). 

3:7070 ( 1 ) Jacobson, Carothera, J. Am. Chem. Soc. 55, 4667-4669 (1933). (2) Jacobson (to 
duPont), U.S. l,967,86f July 24, 1934; Cent. 1936, 1 1709; C.A. 28, 5834 (1934). (3) Klebanska, 
Tzyurikh, Dolgopol’skii, Bull. acad. sd. U.R.S.S. 1935, No. 2, 189-226; Rubber Chem. Tech, 9, 
383-408 (1936) ; Cent. 1935, II 3844, C.A. 30, 1259 (1936). (4) KlebanskiK, VolkenshteIn, Orlova, 

J. Gen. Chem. (U.S.S R ) 5, 1255-1267 (1935); Cent. 1936, I 3414; C.A. 30, 1025 (1936); /. prakt, 
Chem. (2) 145, 1-17 (1936). 

3:7075 2-CHXOROBUTENE.l Cl C4H7CI BeU. I -204 

CH,.CH2.i=CH2 

B.P. 

68.4-58.6° at 760 mm. (1) = 0.8950 (2) = 1.4115 <2) 

67-69° at 748 mm. (2) Bj® = 0.9107 (1) = 1.4166 (1) 

C forms with abs. EtOH an azeotrope, b.p. 53.6-54.0° at 760 mm., Dl® = 0.8945, contg. 
88.5% by wt. of C (!)• 

[For formn. from d,Z-l,2-dichlorobutane (3:7680) 4" ale. KOH (together with cis- 
(3:7110) and trans (3:7110) stereoisomers of 1-chloro-butene-l ) see <!).] 

3:7075 (1) Navez, Bull. soc. chim. Belg. 39, 435-443 (1930).! {2) Kroeger, Sowa, Nieuwland, 
J. Org. Chem. 1, 167 (1936). 


3:7080 2-CHLOROBUTADIEl!TE-l,3 Cl C^HgCl BeU. S.N. 12 

(Chloropmne) H2C=CH-(UcH2 


B.P. 

59.4° at 760 mm. <1) 
46.9° at 600 nun. (1) 
40.5° at 400 mm. <1) 
32.8° at 300 mm. <1} 
6.4° at 100 mm. (1) 


= 0.9685 (2) = 1.4583 (1) 

1.4670 (31) 

= 0.9683 (1) 1.4165 (2) 

0.9575 (31) 


Colorless liq. with ethereal odor suggesting C2H6Br. Only slightly sol. aq. but miscible 
with most org. solvs. 

C was first reported in 1931 <1) and given the name chloroprene (1) because of its analogy 
to 2-methylbutadiene-l,3 (isoprene) in structure and reactions. Despite its immense 
practical importance in the manufacture of various types of synthetic rubbers and plastics 
comparatively httle information on C itself has been released for publication in the scientific 
literature. 

[For a study of the toxicity and pathology of C see (3); for study of poisoning by C and 
its treatment see (4).] 

[For studies of detn. of C (5) by diazometric methods (6) (7) see indie, refs.] 


PREPARATION OF C 

C has been prepared from vinylacetylene by addn. of HCl, from dichlorobutenes by 
elimination of 1 HCl, and from various other sources. Comparatively little on these 
methods has appeared in the scientific literature, and most of the information is available 
only through patents. Such of the latter as are here cited must be regarded only as il- 
lustrative as no guarantee of complete patent coverage can be offered. 
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From vinylscetylene. C is formed from vinylacetylene (8) by addn. of HCl from aqueous 
soln. in pres, of catalysts (usually copper salts). The initial step comprises 1,4 addition, 
and the primary product is 4-chlorobutadiene-l,2 (Isochloroprene) (3:7225). Under 
certain conditions this may be isolated as the major reaction product, but it readily isomer- 
izes (especially in the presence of cuprous chloride and/or other salts (9)) yielding chloro- 
prene. When sufficient amounts of HCl are present further addition to C may also occur 
leading to 2,4-dichlorobutene-2 (3:5550) (see also below). 

[For prepn. of C from vinylacetylene (8) with cone. aq. HCl in pres, of CU2CI2 + NH4CI 
at 30° for 4 hrs. (65% yield) see <1) (47); for studies of this process in foreign laboratories 
see (10) (11) (12) (2) (24). For examples of patents on this process see (13)-(23) incl. 
For analogous prepn. of certain homologs of C such as 2-chloro-3-methylbutadiene-l,3 
(3:7290) and 2-chloro-3,4-dimethylbutadiene-l,3, etc., see (25) cf. (26).] 

From dichlorobutenes. [ For prepn . of C from 3,4-dichlorobutene-l ( 1 ,2-dichlorobutene-3 ) 
(3 : 5350) with powdered KOII or ale. NaOH sec (27) (28); for 2,3-dichlorobutene-l (3 : 9074) 
by thermal dchydrochlorination at 530° without cat. see (29); from 2,4-dichlorobutene-2 
(3:6650) by dehydrochlorination (and isomerization) in pres, of fused KOH at 180-190° 
(30) or over silica gel or clay at 245-275° (31 ) cf. (30) see indie, refs. ; from 1,2-dichlorobutenes 
by dehydrochlorination with inorg. or org. bases in pres, of org. soivs. sec (32).] 

From other sources. [For prepn. of C from 2,2,3-trichlorobutane (3:5680) by thermal 
dchydrochlorination over MgCl2/MgS04 cat. see (33); from polychlorobutanes of 56-66% 
chlorine content (corresp. to dichloro-and trichlorobutanes) by thermal dtdiydrochlorination 
at 400-500° see (34) (note that l-chlorobutadicne-1,3 (3:7210) is also formed; for separation 
of it from C see (36)): for formn of C from vinyl chloride (3:7010) with acetylene in pres, 
of aq. CU2CI2/NH4CI see (36).] 

CHEMICAL BEHAVIOR OF C 
Addition Reactions 

With chlorine. [C (2 moles) with CI2 (1 mole) in CHCI3 at —10° in pres, of hydro- 
quinone gives mainly (37) cf. (38) (39) l,2,4-trichlorobutene-2 (l,3,4-trichlorobutene-2) 
(3:9062) accompanied by other products such as l,2,3-trichlorobutene--l (37), b.p. 40-42° 
at 10 mm., 7)4® = 1.3190, no = 1.4902 (giving on oxidn. Q!,^-dichloropropionic acid); 
note: data also consistent with 2,3,4-trichlorobutenc-l (3:9064) and 1,2-dichIorobutadiene- 
1,3 (3:9057), b.p. 45-18° at 10 mm. (37), = 1.1905 = 1-5065 (37).J 

With bromine. [C (0.3 mole) with Br2 (0.25 mole) in CHCI3 at 0-5° gives mainly (40) 
2-chloro-l,4-dibromobutene-2, b.p. 98-101° at 10 mm. (oxidizmg with KMn04 to bromo- 
acetic acid), accompanied by other products; note that in pres, of anti-oxidants distn. 
range of prod, is much wider perhaps owing to formn. of geom. stereoisomers.] 

With iodine chloride. [C with ICl in CHCI3 at —5° to 0° gives (70% yield (41)) a prod, 
regarded as 2,4-dichloro-l-iodobutene-2.] 

With hydrogen chloride. [C with cone. aq. HCl in pres, of CU2CI2 (42) adds HCl giving 

2.4- dichlorobutene-2 (3:5550); for behavior of C in liq. HCl see (43).] 

With hydrogen bromide. [C (0.96 mole) with dry HBr (0.88 mole) in AcOH at -5° 
gives (72% yield on Br2 (44)) 2-chloro-4-bromobutene-2, b.p. 150-152°; Dj® = 1.5264, 
i>4® = 1.5335; nf? = 1.5160, wd = 1.5185; note that this prod, with aq. KMn04 oxidizes 
to AcOH 4- bromoacetic acid and adds 1 mole Br2 giving 2-chloro-2,3,4-tribromobutane, 
b.p. 104.5-106° at 10 mm., Df - 2.1907.] 

With hydrochlorous acid. [The behavior of C with HOCl appears not to have been 
reported; 1,4 addition to C might be expected to yield l,2-dichlorobuten-2-ol-4 and/or 

2.4- dichlorobuten-2-ol-l, but neither is reported from any source; an isomer, viz., 2,3- 
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dichlorobuten-l-ol-4, b.p. 72-73® at 10 mm., = 1.3198, Dj* = 1.3243, n?? = 1.4966, 
tid = 1.4978, has been reported (45) by indirect means.] 

With hypobromous acid. [C with HOBr (from A-bromoacetamide) gives mainly (45) 
(note 3,4 addition) 2-chloro-4-bromobuten-l-ol-3, b.p. 77.0-77.25® at 10 mm.; Dj® « 1.6710, 
Z>4® = 1.6770; ni> = 1.5228, n}? =*= 1.5249; this prod, in CHCI3 adds 1 mole Br2 giving 
3-chloro-l,3,4-tribromobutanol-2, m.p. 69.5-71®.] 

With alkyl hypoiodite. [C with MeOI (from MeOH + HgO -f I2) gives (62% 3rield 
(46)) 2-chloro-4-iodo-3-mcthoxybuten-l, b.p. 76.5-77.0® at 10 mm., 7^® = 1.7135, Df = 
1.7209; = 1.5312, = 1.5338. — C with EtOI (from EtOH + HgO + I2) gives 

(46% yield (46)) 2-chloro-4-iodo-3-ethoxybuten-l, b.p. 82-83® at 10 mm.; = 1.6163, 
Z>4 ® =» 1.6231; wd = 1.5198, — 1.5220. — Note for both these cases the same type 

of 3,4 addn. observed for HOBr above.] 

With sulfur dioxide. [C in ether contg. pyrogallol treated with SO2 at 100-105® in s.t. 
for 12 hrs. gives in very small amt- (2.5% (47)) an addition prod. 3-chloro-l-thiacyclo- 
penten-3 dioxide (chloroprene sulfone).] 

With naphthoqumone-1,4. C (2 moles) with a-naphthoquinone (1:9040) (1 mole) in 
CftH® refluxed 3 hrs. and the intermediate addition prod, suspended in ale. NaOH and 
oxidized with air gives (1) 2-chloroanthraquinone (3:4922). 

With maleic anhydride. C (l-f moles) with maleic anhydride (1:0625) (1 mole) 
warmed at 50® then boiled with aq. gives (77% yield (1 )) 4^hloro-l,2,3,6-tetrahydrophthalic 
acid, cryst. from aq., m.p. 173-175® cor. (1). 

Polymerization op C 

G readily polymerizes at 30-35® in light from a 150-watt lamp in 48-80 hours (26); for 
study of various types of polymers from C alone see (1). Furthermore, C with various 
other unsaturated compounds undergoes copolymerization processes. The practical im- 
portance of the polymers and copolymers thus obtained can scarcely be overestimated, 
but the field is so large, so interlocked, and so rapidly developing that any attempt tt) 
organize it is quite beyond the scope of this book. Attention is here directed, however, 
to a few scientific papers of interest in this connection. 

[For studies’ on structure of poly chloroprene see (48) (49); for study of polymers of C by 
ozonization and HNO3 oxidn. see (50); for detn. of unsaturation in polymers of C see (51); 
for permeability of polychloroprene to gas see (52).] 

[For study of influence of tetralin peroxide (53) in nitrobenzene (54) or of high-frequency 
field (55) (56) on polymerization of C see indie, refs.; for photopolymerization of C see (57); 
for study of kinetics of poljmerization of C in di-w-butyl phthalate soln. in pres, of dibenzoyl 
peroxide see (58); for detection of free radicals in peroxide polymerization of C see (59).] 

3:7080 (1) Carothere, Williams, Collins, Kirby, J. Am. Chem. Soc. 63, 4203-4225 (1931). (2) 
Zelinskii, Kozlov, Shter, BvU, acad. sci. U.R.S.S., Clasae sci. math. nat. 1934, 141-151; Cent. 1936, 
I 1946; [C.A. 38, 6713 (1934)]. (3) von Oettingen, Hueper, Diechmann-Gruebler, Wiley, J. 

Ind. Hyg. Toxicol. 18, 240-270 (1936). (4) McNally, Ind. Med. 6, 270-283 (1937) ; C.A. 31, 8063 
(1937). (6) Peregud, Caoutchouc and Rubber {U.S.S.R.) 1937, No. 7-8, 63/70; Cent. 1938, 1 1477; 

C.A. 32, 3197 (1938). (6) Terent’ev, Org. Chem. Ind. (U.S.S.R.) 4, 535-542 (1937); [C.A. 32, 
6580 (1938)]. (7) ^nderikhina, Trudy Moakov. Sanit. Inat. im. Eriamana 1939, 86^101; [C.A. 
30, 2233 (1942)]. (8) Nieuwland, Calcott, Downing, Carter, J. Am. Chem. Soc. 63, 4197-4202 

(1931). (9) Carothers (to du Pont Co.), U.S. 2,104,789, Jan. 11, 1938; Cent. 1938, 1 4108; C.A. 

32, 1718 (1938). (10) Klebanskii, Dolgopol’skii, Chevychalov, Caoutchouc and Rubber (J(J,S.S.R.) 

10, No. 1. 31-34; No. 2, 19-27 (1937); Cent. 1937, II 872; C.A. 32, 4006 (1938). 

(11) Hurukawa, Nakamura, J. Soc. Rubber Ind. Japan 12, 103-106, 106-109 (1939); C.A. 33, 
9717 (1939). (12) Furukawa, Nakamura, J. Soc. Chem. Ind. Japan 41, 198-200 (1938); C.A. 
32, 9557 (1938). (13) Collins (to du Pont Co.), U.S. 1,950,435, March 13, 1934; Cent. 1936, I 
1708; C.A. 28, 3270-3271 (1934). (14) Perkins (to Carbide and Carbon Chem. Corp.), U.S. 
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2,027,650, Jan. 14, 1936; Cent 1936, II 1796; C.A. 30, 1396 (1936). (16) Carothera, Collins (to 
du Pont Co.), U.S. 1,960,431, March 13, 1934; not in Cent; C.A, 38, 3271 (1934) : French 721,532, 
March 4, 1932; Cent 1983, II 2107; C.A. 36, 4061 (1932): Brit. 387,325, Jan. 24, 1933; not in 
Cent; C.A. 37, 4718 (1933): Ger. 588,708, Nov. 24, 1933; not in Cent; C,A, 38, 2015 (1934): 
Australian 3619/31: Czechoslovakian 51,643: Dutch 31,084: Italian 301,326: Japanese 96,820: 
Norwegian 52,261; Spanish 123,629: Swedish 79,586: Swiss 164,539. (16) Carothers, Collins (to 
du Pont Co.), U.S. 2,178,737, Nov. 7, 1939; C.A. 84, 1334 (1940). (17) Carter (to du Pont Co.), 
U.S. 2,207,784, July 16, 1940; C.A. 34, 7936 (1940). (18) Carter, Downing (to du Pont Co.), 
U.S. 2,221,941, Nov. 19, 1940; C.A. 36, 1412 (1941). (19) I.G., Brit. 458,100, Dec. 14, 1936; 
not in Cent; C,A. 31, 3070 (1937): French 805,238, Nov. 14, 1936; Cent 1937, 1 2022; (C-A. 31, 
3510 (1937)]. (20) Mignonac (to I.G.), Brit. 471,744, Oct. 7, 1937; Cent 1938, 1 4533; C.A. 32, 
1284 (1937): French 805,621, Nov. 25, 1936, Cent. 1937. 1 2456; C.A. 31, 4344 (1937). 

(21) du Pont, Brit. 395,131, Aug. 3. 1933; Cent 1933, II 2455; C.A. 28, 375 (1934). (22) du 
Pont, French 721,532, March 4, 1932; Cent. 1932, II 2107; C.A. 26, 4061 (1932). (23) Klebanskii, 
Trenke, Russian 46,916, May 31, 1936; Cent 1936, II 3852; C.A. 33, 4079 (1939). (24) Kleban- 
skii, Tzyurikh, Dolgopol’skii, Bull, acad. set. U.R.S.S, 1936, No. 2, 189-226; Research Assoc. 
Brit Rubber Mfrs. 4, 505-506 (1035); C.A. 30, 1259 (1936): Rubber Chem. and Tech. 9, 383-408 
(1936). (25) (’arothers, Coffman, J. Am. Chrm. Soc. 64, 4071-4076 (1932). (26) Jacobson, 
Carothers, J. Am. Chem. Soc. 66, 1624-1627 (1933). (27) Petrov, Sopov, J. Gen. Chem. {U.S.S.R,) 
16, 981-987 (1945) ; C.A. 40, 6407 (1946). (28) Carothers (to du Pont Co.), U.S. 2,038,538, April 
28, 1936, Cent 1936, II 3358; C.A. 30, 3838 (1936). (29) Hearne, Adams (to Shell Development 
Co.), U.S. 2,391,827, Dec. 25, 1945; C.A. 40, 1347 (1946). (30) Klebanskii, Chevychalova. 
Belen’kaya, J. Applied Chem. (U.S.S.R.) 9, 1985-1992 (1936); C.A. 31, 2580 (1937) 

(31) Klebanskii, Chevychalova, Sintet Kauchuk 1936, No. 6, 16-21; Cent 1936, 1 1975; C.A. 30, 
1024 (1936). (32) I.G., French 819,963, Oct. 29. 1937; Cent 1938, II 950; C.A. 32, 3203 (1938): 
Ger. 683,097, Oct. 10, 1939, [C.A. 36, 3704 (1942)]. (33) Tishchenko, Churbakov, Russ. 51,994, 
Oct. 31, 1937; C.A. 34, 1336 (1940). (34) Carter, Johnson (to du Pont Co.), U.S. 2,381,037, 
Aug. 7, 1945, C.A. 39, 4888 (1945). (35) Carter, Willett (to du Pont Co.), U.S. 2,381,038, Aug. 
7, 1945, C A. 39, 4888 (1945). (36) Eringer, French 811,433, April 14, 1937; Cent 1937, II 2914; 
[C.A. 31, 8996 (1937)]: Biit. 480,320, Feb. 17, 1938; C.A. 32, 6104 (1938). (37) Petrov, J. Gen. 
Chem. (U.S.S.R.) 13, 102-107 (1943); C.A. 38, 329 (1944). (38) Carothers, Berchet, J. Am. 
Chem. Soc. 66, 1628-1631 (1933). (39) Carothers, Berchet (to du Pont Co.), U.S. 1,965,369, 
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3:7085 CHLOROMBTHYL MBTHVL ETHER CsHjOa BeB. I - 580 

(Chlorodimethyl ether; CH»0CH2 Ii-(304) 

methoxymethyl chloride) Ij-(645) 

B.P. F.P. 

61® (1) -103.5® <9) 

59-60® <2) (3) <29) 

59.5® at 769 mm. (4) 

59.4® at 760 mm. (5) Z)P 

59.1-59.3® at 766 mm. (6) 

59.15® at 760 mm. (7) 

57.7® at 760 mm. (8) 

56.4® at 686 mm. <5) 

C is frequently but incorrectly designated aa “ chloromethyl ether ” ; care should there- 
fore be taken to avoid confusion of C with the closely related “ ftis- (chloromethyl) ether " 
(3:5245) which has the structure CICH 2 OCH 2 CI. 

C is insol. cold aq. but on stdg. or warming soon dissolves with hydrolysis (see below). — 
C is sol. in cold cone. HCl but can be salted out with CaCl 2 . 

C forms azeotropes with various org. cpds.; e.g., C with acetone (1 : 5400) forms a const.- 
boilg. mixt., b.p. 56.1®, contg. 13% C (7); C with CS 2 forms a const.-boilg. mixt., b.p. 43.1®, 
contg. 25% C (7). 

[For prepn. of C from aq. formaldehyde soln. (formalin) (1:0145) in MeOH by passage 
of HCl gas at room temp, (yields: 64-66% (11)) (3) (13) (12) (14) see indie, refs.; from para- 
formaldehyde (trioxymethylene) (1:0080) in dry MeOH by passage of HCl gas (yields: 
80% (6) (15), 66% (16), 60% (17), 50-60% (18)) (19) (13) (20) (23) (note that the prod, 
conts. MeOH (1:6120), formaldehyde dimethylacetal (methylal) (1:0105), and acetone 
(1 : 5400) (1) (15), and that htg. should be avoided since it promotes methylal formn. (15)). 

[For formn. of C from dimethyl ether [Beil. 1-281, Ii-(139), l2-(269)] with CI2 in ^fuse 
daylight (79% yield (21)) (4) or in CHCla or CCI4 solns. -f cat. in 'light (75); from acetalde- 
hyde dimethylacetal (1 : 0125) with CI2 at not above 60® (other prods, are also formed (22)) 
see indie, refs.] 

Further substitution of C. [C with CI 2 in semi-darkness at 12® for 40 hrs. gives mainly 
(23) W«- (chloromethyl) ether (3:5245).] 

Reactions involving the halogen atom of C with inorganic reactants. C is insol. in cold 
aq. but upon shaking or warming rapidly dissolves yielding soln. contg. formaldehyde 
(1:0145) + MeOH (1:6120) + HCl (note that paraformaldehyde (1:0080) is formed 
only on very slow hydrolysis with insufficient water for complete reactn. (18)). 

[C with ale. KSH yields mainly (24) a polymeric thioformaldehyde, (CH 2 S)n, sol. aq. 
but cryst. from ale., m.p. 123-124® (24); C with dry KSH.>^H20 at 5-10® gives methoxy- 
methyl mercaptan, CH 8 OCH 2 SH, liq. with disagreeable odor, b.p. 52® at 15 mm., Dll = 
1.0738, riD = 1.4909 (24); C with 2 K 2 S.H 2 O gives (24) Ws-(methoxymethyl) sulfide, 
CHa0CH2-S-CH20CH3, liq. with disagreeable odor, b.p. 62® at 15 mm., Z> 2 i '6 =* 1.0418. 

« 1.4575 (24).] 

[C with mixt. of HNOg (D * 1.5) 4- cone. H 2 SO 4 + fumg. H 2 SO 4 (70% SOa) and ap- 
propriate cooling gives in 15 min. nitromethoxymethyl nitrate, oil, b.p. 48® at 15 mm., -H 
(nitromethoxy)methoxy methyl nitrate, highly explosive oil, b.p. 88-89® at 9 mm. (25).] 

[C with SOa below 0® gives (27% yield (17)) chloromethyl methyl sulfate [Beil. 1-582, 
l2-(647)], b.p. 92® at 18 mm., D]? - 1.473.] 

[C in either liq. or gaseous phase with various finely divided metals at 50-250® and press. 
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from lOQ-200 atm. yields <26) ethylene oxide (1:6106) and other products. — C with 
metallic Zn at ord. temp, gives (27) formaldehyde dimethylacetal (1:0105) -f /9-chloro- 
ethyl methyl ether (3:7265) -|- CHsCl (3:7005) -f resins. — C with ZnCl2.H20 vigorously 
stirred at 27® gives (28) 5M-(chloromethyl) ether (3:5245).] 

(For rate of reactn. of C with KI in acetone see (29).] 

[C on adding to cold soln. of NHa in ether (30) or with aq. or ale. NH4OH (4) gives NILQ 
(pptd. in ether method) 4* hexamethylenetetramine.] 

[C with equal wt. CuCN refluxed 4 hrs. (31) or with 3 wt. pts. Hg(CN)2 at room temp, 
for several hire. (33) gives (yields: 74% (31), 70% (32)) (8) methoxyacetonitrile [Beil. HI- 
242, IIIi-(93), IIl2-(174)], b.p. 120-121® cor. at 759 mm., X>|® = 0.9492, n][? = 1.3831 (31); 
note that AgCN does not (33) give this result.] 

[C with silver cyanate in dry ether in cold gives (30) methoxymethyl isocyanate, colorless 
lachrymatory oil, b.p. 87.5® cor. (30); C with KSCN in dry CeHc refluxed 2 days gives (34) 
methoxymethyl isothiocyanate, lachrymatory oil, b.p. 138® at 770 mm.] 

Reactions involving the halogen atom of C with organic reactants. By virtue of its 
very reactive halogen atom, C may conveniently be employed for introducing the methoxy- 
methyl radical in place of reactive H atoms; these may be located in OH groups of alcohob, 
phenols, or enols or in aromatic nuclei; various acceptors for the resulting HCl are employed 
or C may be used with metallic derivatives of the reactants; examples of the various combi- 
nations are cited below. 

[C with MeOH (1:6120) (12) (35) or with NaOMe (1) (12) gives (small yield (1)) for- 
maldehyde dimethylacetal (methylal) (1:0105); C with EtOH (1 : 6130) + pyridine in cold 
(36) or C with NaOEt (37) gives (13.3% yield (36)) ethyl methoxymethyl ether (ethyl- 
methyl-formal), b.p. 65.4® at 760 mm,, = 0.84198, np = 1.36426 (36) (for corresp. 
prepn. of mixed formals from C with n-PrOH, w-BuOH, n-AmOH, and n-hexyl ale. + 
P3rridine (yields all 17-23%) see (36)). — C with benzyl ale. (1:6480) + pyridine in dry 
ether gives (47% yield (35)) benzyl methoxymethyl ether, b.p. 208-211® at 756 mm. (35).] 
[C with phenol + pyridine does not react (35), but C with K phenolate (38) or Na 
phenolate (16) (39) gives (70% yield (16)) methoxymethyl phenyl ether, b.p. 188-189® 
(39), 189-190° (16); for many analogous cases with other phenols see (16) (39).] 

[C with sodium salts of phenolic aldehydes gives the corresp. ethers: e.g., C with Na 
salt of salicylaldehyde (1:0205) in ale. gives (33% yield (40)) (39) o-(methoxymethoxy)- 
benzaldehyde; for numerous other examples of this type of reaction with phenolic aldehydes 
see (39) (40) (41) (42) (43).] 

[C with ethyl cyano-sodio-acetate in dry ether gives (6% yield (44)) ethyl cyano-methoxy- 
methyl-acetate; C with diethyl malonate (1:3581) -f Na in dry ether (45) or in C6H6(46) 
gives (49% yield (45)) (46) diethyl methoxymethylmalonate, b.p. 121-122® at 15 mm.; 
C with diethyl benzylmalonate + Na in dry ether gives (78% yield (47)) diethyl benzyl- 
methoxymethyl-malonate, m.p. 49-50®, b.p. 194-195® at 19 mm. (47); C with ethyl aceto- 
acetate + Na in dry ether ^ves (51% yield (48)) 0- (methoxymethyl) ether, viz., ethyl 
^-(methoxymethoxy)crotonate, b.p. 109-110® at 18 mm. (48), accompanied by (42% yield) 
diethyl a,7-diacetylglutarate, b.p. 178® at 10 mm. (48), the latter also being obtd. in good 
vield from C + the Cu enolate of ethyl acetoacetate in dry ether (48).] 

[C with triphenylmethylsodium gives (49) methyl /3,/?,/5-triphenylethyl ether, cryst. 
from propyl ale. or Igr., m.p. 137® (49); C with diphenylmethylsodium gives (50) methyl 
/5,iS-diphenylethyl ether, b.p. 198® at 19 mm. (50).] 

[C with salts of organic acids yields the corresp. methoxymethyl esters: e.g., C with dry 
Pb formate (but not with K or Ca formates (18)) on htg. under reflux gives (20% yield 
(3) (18)) methoxymethyl formate, b.p. 102-103®; C with fused KOAc (3) or NaOAc (3) (61) 
(but not Pb or Zn acetates (3)) gives (36-40% yield (3)) methoxymethyl acetate [Beil. 
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11-151, lli-(70), ll2-(163)], b.p. 117-118® (3); for corresp. react, with Pb propionate or 
Na n-butyrate see <3>.] 

[C in CeHe with ZnCL + HCl gas at 55-65® gives (52) cf. (28) benzyl chloride (3 : 8535). — 
C with chlorobenzene (3:7903) + dehydrating agts. gives (28) p-chlorobenzyl chloride 
(3:0220). — C with toluene + SnCU gives (35-40% yield (53)) p-methylbenzyl chloride 
(p-xylyl chloride) (3:8660) together with other prods.] 

[C in AcOH soln. without cat. condenses with aromatic nuclei: e.g., C with toluene in 
AcOH gives (25% yield (15)) a mixt. of o-xylyl chloride (3:8710) and p-xylyl chloride 
(3:8660); for analogous reactns. of C in AcOH with o-xylene (1:7430), m-xylene (1:7420), 
pseudocumene (1:7470), mesitylene (1:7455), naphthalene (1:7200), tetralin (1:7550), 
anisole (1:7445), etc., see (15).] 

{By virtue of its reactive halogen atom C reacts readily with Grignard reagents giving 
(54) the corresp. methyl ethers: e.g., C with w-BuMgBr gives (67% yield (55)) (56) ri-amyl 
methyl ether (1 :7905); C (2 moles) with decamethylene-6is-MgBr gives (53% yield (57)) 
dodecanedioH,12-<limethyl ether; C with CH3 — C^C — MgBr gives (58) CH3.C^ 
C.CH2OCH3; C with Br — Mg.C:=C — MgBr gives (63% yield (32)) l,4-dimethoxybut3me-2; 
C with CeHsMgBr gives (60% yield based on initial CeHsBr (59)) benzyl methyl ether 
(1:7475); C with benzyl MgCl gives mainly (60) cf. (61) (62) methyl /3-phenylethyl ether 
(cih-methoxyethylbenzene) (Beil. VI-479, VIi-(238)], b.p. 185-187° (61), accompanied by 
some o-tolylcarbinol methyl ether and p-tolyicarbinol methyl ether, cf. (60).] 

(In the pres, of appropriate catalysts C adds to olcfinic unsatd. linkages, addition occurring 
as if C dissociated into (Cl-) and (CH3O.CH2-) radicals; examples of these addition reactions 
are given as follows: C with ethylene + BiCls at 80® under 700-800 lbs. press, for 7 hrs. 
gives (63) 7-chloro-ii-propyl methyl ether; C with propylene BiCls similarly gives (63) 
7-chloro-n-butyl methyl ether; C with 2-methylpropene-l (isobutylene) 4- HgC^l2 onstdg. 
in s.t. 4 days at room temp, gives (60% yield (64)) 2-chloro-4-methoxy-2-methylbutane, 
b.p. 136® at 751 mm. Dl® = 0.9455, accompanied by some ^er-butyl chloride (3:7045); 
but C with isobutylene TiCU as directed (65) gives the corresp. ale., viz., 3-chloro-3- 
methylbutanol-1 ; C with 2-methylbutene-2 (trimethylcthylenc) (1:8220) with ZnCl2 as 
directed (63) or with HgCl2 in s.t. at room temp, for 48 hrs. (64) gives (40% yield (64)) 
2-chloro-4-methoxy-2,3-dimethylbutane, b.p. 153° at 761 mm., 46-46.5° at 14 mm., />4® = 
0.9528, accompanied by some (er-AmCl (3:7220); C with cyclohexene (1:8070) -f ZnCli 
in CS2 stirred 5 hrs. at 0°, then 3 hrs. at room temp., gives (28.7% yield (66)) cf. (64) 
(o-chlorocyclohexyl)methyl methyl ether (2-chloro- 1 - (me tho.xy methyl) cyclohexane), b.p. 
88-91® at 17 mm., Z)|® = 1.1552 (66).] 

[C with butadiene-1,3 4* ZnCL in s.t. at room temp, for 24 hrs. gives (70% yield (64)) 
a mixt. of l-chloro-5-methoxypentene-2, b.p. 168° at 758 mm., 56° at 10 mm., £>4® = 1.0022 
(from 1,4- addn. (?))-(- 3-cliloro-5-methoxypentene-l , b.p. 148° at 756 mm., 35° at 10 mm., 
Z>4® = 0.9740 (from 1,2 addn. (?)) (note that these two prods, represent synionic meso- 
mei-s); C with cyclohexadiene-1,3 (1:8057) + HgClg under CO2 at 0® stood 24 hrs. gives 
(38% yield (64)) (4-chlorocyclohexenyl)methyl methyl ether, b.p. 81° at 10 mm., D4® = 
1.0636 (64).] 

iC (1 mole) 4* vinylacetylene (1 mole) 4- Bids (trace) -j- pyrogallol (trace) in dry 
ether at 5-15® for 9 hrs. (with periodic addns. of Bids) gives (67) 34.8% yield l-chloro-5- 
methoxypentadiene-2,3, b.p. 60^1® at 10 mm., £>4® = 1.0427, n'i? = 1.4893 (by 1,4 addn.), 
together with 15% yield of 3-chloro-5-methoxypentadiene-l,3, b.p. 46° at 10 mm., £>4® = 
1.0351, wi? = 1.4846, together with other prods.; note that of the two preceding dienes the 
former with Cu2d2 + HCl in ether at 20-40° for 2 hrs. readily isomerizes (81% yield (67)) 
to the latter; for further reactions of the pair see (67).] 

[C with 4.67% dislvd. ZnCl2 shaken with CO at 25-50® at 275-625 pounds press, for 8 hrs. 
9ves (68) methoxyacetyl chloride (3:5225).] 
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C with tertiary amines yields the corresp. quaternary ammonium salts: e.g., C with 
MesN in dry ether gives (69) methoxymethyl-trimethyl-ammonium chloride (chloro- 
platinate, m.p. 228-229®, picrate, m.p. 198®); C with pyridine in dry ether gives (69) 
methoxymethyl-p 3 a^dinium chloride (chloroplatinate, m.p. 182-185® (70), 180-182® dec. 
(36), HgCh cpd., m.p. 91® (69)); C with quinoline in CHCI 3 gives (69) methoxymethyl- 
quinolinium chloride (chloroplatinate, m.p. 232-234®; chloroaurate, m.p. 126-127®); for 
other quaternary salts see (69). 

Methoxymethyl benzoate: oil, b.p. 283® (71). [From C with NaOBz at 100® (71).J 

Methoxymethyl ^-nitrobenzoate : unreported. 

Methoxymethyl 3,6-dinitrobenzoate: unreported. 

S- (Methoxymethyl )isothiourea picrate: m.p. 163® (72). [From C -f thiourea in 

cold acetone giving (90% yield (72)) corresp. hydrochloride, m.p. 112° dec., which 
is then converted to the picrate.] 

iV- (Methoxymethyl )phthalimide: cryst. from dry MeOH, m.p. 120-121® (73), 118® 

(74). [Prepn. reported only by indirect means (73) (74).] 
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Dykstra, J. Am. Chem. Soc. 58, 1747-1749 (1936). (68) Scott (to du Pont Co.), U.S. 2,084,284, 
June 15, 1937; Cent. 1937, II 2261; C.A. 31, 5383 (1937). (69) Litterscheid, Thimme, Ann. 334, 
49-62 (1904). (70) Litterscheid, Ann. 316, 168-169 (1901). 

(71) Walker. Plastic Products 9, 187-188 (1933); Cent. 1933, II 2617; C.A. 28, 1662 (1934). 
(72) Sprague, Johnson, J. Am. Chem. Soc. 59, 2439-2441 (1937). (73) Sachs, Ber. 31, 1230 
(1898). (74) Hopkins, J. Am. Chem. Soc. 45, 542 (1923). (75) Salzberg (to du Pont Co.), 

U.S. 2,065,400, Dec. 22, 1936; Cent. 1937, 1 3715; C.A. 81, 1046 (1937). 


3:7090 c/,l-3-CHLOROBUT£NE-l 

(7-Chloro-oe-butylene ; 
o-methylallyl chloride) 


H H C4H7CI 
CHs— i— (!!=GH2 


BeU.I — 

Ii— 


B.P. 

63° at 760 mm. <1) 

64r-65° (2) 

64° at 760 mm. (5) 

63.5° at 760 mm. (3) 
63.4-63.5° at 761 mm. (10) 
24.3-24.6° at 178 mm. (3) 
—5'’ at 26 mm. (4) 


tJ^ = 0.9001 (1) nf>®= 1.4151 (10) 

1.4150 (5) (3) (2) 
1.4153 (1) 
1.4242 (4) 


For important discussion of the relationship and conversion of C to l.chlorobutene-2 
see the latter (3:7205). 

[For the prepn. of a mixt. of C and l-chlorobutene-2 from butadiene-1,3 -|- HCl see (6) 
(1) (6) (7); for prepn. of C from methyl-vinyl-carbinol (buten-l-ol-3) + cone. HCl see (3) 
(4) (8),) 

[For study of reaction with Mg, Zn, etc., see (9); for study of hydrolysis under various 
conditions see (10); for behavior with cuprous cyanide see (11).] 


Methyl-vinyl-carbinyl ^-nitrobenzoate; m.p. 43-44® (12). [Note that this prod. 

has been prepd. only by indirect means (12) and may (because of allylic rearr.) possibly 
be in fact crotonyl p-nitrobenzoate (see under 3:7205).] 

Methyl-vinyl-carbinyl 3,6-dinitrobenzoate: unreported. [See also note under 

3:7205.] 

Ar-(Methyl-vinyl-carbinyl)phthalixnide: m.p. 87-88® (13). [Prepd. indirectly, and 

structure unproved (13).] 

9:7990 (l) Hence, Chanan, Turk, J. Am. Chem. Soc. 63, 3474-3476 (1941). (2) Baudrenghien, 
Bull. soc. chim. Belg. 31, 168 (1922). (3) Roberts, Young, Winstein, J. Am. Chem. Soc. 64, 2163 
(1942). (4) Bohme, Ber. 71, 2378-2379 (1938). (6) Kharasch, Kritchevsky, Mayo, J. Org. 
Chem, 2, 494-496 (1938). (6) Voigt, J. prdkt. Chem. (2) 151, 310 (1938). (7) Dykstra (to du 
Pont), U.S. 2,123,504, July 12, 1938; Cent. 1938, II 2840; C.A. 82, 6666 (1938). (8) Ganguly, 
J. Indian Chem. Soc. 13, 584 (1936). (9) Young, Eisner, J. Am. Chem. Soc. 63, 2113-2115 (1941). 
(10) Young, Andrews, J. Am. Ch^. Soc. 66, 421-425 (1944). 

(11) Lane, Fentress, Sherwood, J. Am. Chem. Soc. 66, 54^548 (1944). (12) Burton, J. Chem. 
Soc. 1929, 456. (13) Mumm, Richter, Ber. 73, 847, 857 (1940). 


CsHsQ Beil. I -248 
Il- 
ls — 


3:7100 3-CHLOROPROPYNE-l 
(Propargyl chloride) 


Cl 

inr-CfeCH 
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[For prepn. from propyn-2-ol-l (propargyl alcohol) [Beil. 1-454, Ii-(234) with PCU see 

( 1 ) ( 2 >.] 

S:71M (1) Henry, Ber. 8, 398 (1875). (2) Pauling, Gordy, Saylor, J. Am. CAem. Soc. 64, 1753- 
1766 (1942). 


3:7105 S-CHLOROBUTENE-2 CHa— C— H CHj— O— H 

CHa iij“Cl Cl— — dl— CHa 


CaHra BeiLS.H.ll 


CIS Stereoisomer 


cis trana 


B.P. F.P. 

66.6-67.0° at 760 mm. (1) -117.3° <18) = 0.9939 (18) ng* -1.4940 (18) 

70.58° (18) Dl® - 0.9946 (1) 

D2 = 0.9490 (1) n}?® = 1.4950 (1) 

irana Stereoisomer 

B.P. F.P. 

63.4-63.8° at 760 mm. (1) -105.8° (18) JOj® = 0.9139 (18) 

63.84° (18) - 0.9185 (1) 

Di = 0.9361 (1) 


Ordinary C (mixt.) 


B.P. 

64-68° 

(2) 

Df = 0.9179 (3) 


69-67° 

(3) 

nif = 1.4939 

(2) 

69-61* 

at 761 mm. (4) 

Z>J® = 0.9990 (2) 



= 1.4190 (18) 
= 1.4317 (1) 


Both stereoisomers form with abs. EtOH const.-boilg. mixts. from which C can be 
recovered by repeated shaking with 3 vols. aq. to remove the ale.; the azeotrope with cis-C, 
b.p. 60.0-60.4° at 760 mm., Di® = 0.8964, conts. 81.6% by wt. of cis-C; the azeotrope with 
trana-C, b.p. 56.8-57.2° at 760 mm., Dj® = 0.8960, conts. 84.6% by wt. of (rans-C (1). 
[For study of toxicity of C see (5); for use as anthelmintic see (6).] 

[For prepn. of the two geom. stereoisomers of C from either (3 : 7615) or meso- (3 : 7580) 

2,3-dichlorobutane with ale. KOH (1 mole -f 25% excess) refluxed for 3 days see (l).l 
[For prepn. of ord. C (mixt. of eta + trans stereoisomers) from 2,2-dichlorobutane (3: 7415) 
with ale. KOH see (8); from ord. 2,3-dichlorobutane (3:7615) with ale. KOH (1) (2) (3) 
(8) (9), with aq. NaHCOs + Na^COs under press, (yield 20% C accompanied by 4% 
butanone-2 (ethyl methyl ketone) (1 : 5405) -f- 5% butenols) (7), with aq. alkali or alkaline- 
earth hydroxides under press, at 118-250° (10), by passing vapor over BaCb at 2(X)“300° 
(11), or by passing vapor + steam at 300-400° over silica gel contg. MgCl 2 + CaCU, etc. 
(yields 21-25% C accompanied by 35-38% butadiene-1,3 and 6-8% butanone-2) (3) 
see indie, refs.; from butanone-2 (ethyl methyl ketone) (1:5405) with PCI 6 (C is ac- 
companied by 2-chlorobutene-l (3:7075) (12) and by 2,2^ichlorobutane (3:7415) (4)) 
see indie, refs.] 

[For prepn. of C from 2,2-dichloro-3-iodobutane (see below) with ale. KOH see (2); 
from 2-bromo-2-chloro-3-iodobutane with ale. KOH see (2) (note that the isomeric 2- 
bromo-3-chloro-2-iodobutane under same circumstances gives 3-bromo-2-chlorobutene-2).] 
[For prepn. of C from 2,3-dichlorobutene-2 (3:5500) with aq. alk. or alkaline-earth 
hydroxides under press, at 118-250° see (13).] 

[C with CI2 may add halogen, or be further aubaiUtUed by halogen, or both, according to 



3:7105 


2-CHLOROBUTENE-2 


082 


circumstances: e.g., C in liq. phase with CI 2 at 20-40® in absence of light but in pres, of cat. 
such as SnCU or FeCla adds CI 2 giving (14) 2,2,3-tnchlorobutane (3:5680); C in liq. phase 
with CI 2 in pres, of light and of O 2 (16) or C with CI 2 in pres, of NaHCOs at 0® (4) substitutes 
further giving (55% yield (4)) (15) 2^3-dichlorobutcne-l (3:9074) (accompanied by 45% 
2,2,3-trichlorobutane (3:5680) (4)); C with CI 2 at 350® gives (16) a mixt. of unsatd. 
chlorobutenes, probably l,2-dichlorobutene-2 (3:5360) or (3:5615) and l,3(2,4)-dichloro- 
butene.2 (3:5550).] 

C adds Br 2 yielding (2) 2,3-dibromo-2»chlorobutane, b.p. 182.5-186® si. dec., 66-66.5® at 
12 mm., Dl^ - 1.8975, = 1.5339 (2) (this prod, with ale. KOH loses HBr yielding (2) 

3-bromo-2-chlorobutene-2, b.p. 128-129.5®, — 1.4998, n}? = 1.4950 (2)). 

[C adds ICl yielding (2) 2,2-dichloro-3-iodobutane, b.p. 69.5° at 11.5 mm., = 1.8580, 
nj) = 1.5505 (2) (this prod, with KOH regenerates C).] 

[C also adds HOCl but from the addn. prod. HCl splits out immediately: e.g., C in CCU 
with CI 2 + aq. as directed (17) gives (85% yield (17)) 3-chlorobutanone-2 (a-chloroethyl 
methyl ketone) (3 : 7598). | 

[For behavior of C with dry HF yielding 2,2-difluorobutanc see (18).] 

[C with steam passed at 300-400® over silica gel contg. MgCU + CaCk is unchanged 
(3) (dif. from 3-chlorobutene-l (3:7090) or l-chlorobutene-2 (3:7205) which lose HCl 
yielding butadione-1,3 (3)), — Note that with ale. KOH the as-C splits off HCl 2.5 times 
as fast as the /mns-C (1).] [For dehydrohalogcnation of C yielding bukadiene-1,3 see 
(19) (20).] 

[C with alcoholates or phenolates as directed (9) yields the coriesp. ethers; e.g., C with 
NaOEt yields (9) a,/3-dimethylvinyl ethyl ether.] 

C on oxidn. with boilg. aq. KMn 04 yields (12) acetic acid (1 : 1010) and propionic acid 
(1:1025); the dS’C appears to give mainly acetic acid; the trans-C gives mainly propionic 
acid (12). 

8:7106 (1) Navez, Bull soc. chim. Belg. 39, 435-443 (1930); Cent. 1931, I 1269-1270; C.A. 26, 
2412 (1931). (2) Petrov, Sapozhiiikova, J. Gen. Chem. {U.S.S.R.) 7, 470484 (1937) , Cent. 1937, 
I 4926; C.A. 31, 4263 (1937). (3) Gutner. Tishchenko, J. Gen Chem. {U.S S.R.) 6, 1729-1735 
(1936); Cent. 1937, 1 3786; C.A. 31, 4265 (1937). (4) Tishchenko, J. Gen. Chem. {U.S S R.) 8, 
1232-1246 (1938), Cent 1939, 11 42224223, C.A. 33, 4190 (1939). (5) McCawloy, Univ Calif. 
Pub, Pharmacol. 2, 89-97 (1942); C.A. 36, 4911 (1942). (6) Marconac, Compt rend 198, 510- 

512 (1934); Cent 1934, I 2786; C.A. 28, 2800 (1934). (7) D()bryan.skii, Gutner, Shchigel’skaya, 
J. Gen. Chem. {U.S.S.R.) 7, 1315-1320 (1937); CeiU. 1938, 1 561, C.A. 31, 6189 (1937). (8) 
Tishchenko, Churbakov, Gen. Chem. (U.S.S.R.) 7, 663-666 (1937); Cent. 1937, II 372; C.A. 
31, 5754 (1937). (9) I.G.. Bnt. 332,605, Aug. 21, 1930, CeJit. 1930, II 2572. (10) du Pont Co. & 
Cass, Brit. 649,799, Dec. 8, 1942, C.A. 38, 756 (1944). 

(11) Levine, Cass (to du Pont Co), U.S. 2,323,226. June 29, 1943; C.A. 38, 119 (1944); Brit. 

535.585, April 15. 1941; C.A. 36, 1337 (1942). (12) Charpentiei, Bull soc. chim. (5) 1, 1407- 
1411 (1934). (13) Cass (to du Pont Co.), U.S. 2,291,375, July 28, 1942; C.A. 37, 656 (1943). 
(14) Levine. Cass (to du Pont Co), U.S. 2,323,227, June 29, 1943; C.A. 38, 119 (1944): Brit. 

535.586, AprU 15, 1941; C.A. 36, 1337 (1942). (15) Hearne (to Shell Development Co.), U.S. 
2,296,614, Sept. 22, 1942; C.A. 37, 1129 (1943). (16) N. V. do Bataafsclie Petroleum Maat- 
schappij, Brit. 468,016, July 22, 1937; Cent 1937, II 4102; C.A. 31, 8543 (1937): French 810,112, 
March 16, 1937; Cent. 1937, II 4102; C.A. 33, 687 (1938). (17) Groll, Hearne (to Shell Develop- 
ment Co.), U.S. 2,060,303, Nov. 10, 1936; Cent 1937, 1 4154, C A. 31, 419 (1937); Brit. 437,573, 
Nov. 28, 1936; French 787,529, Sept. 24, 1935; Cent 1936, II 2227. (18) Henne, Hinkamp, 
J. Am. Chem. Soc. 67, 1194-1197 (1945). (19) Evans, Morris, Melchior (to Shell Development 
Co.), U.S. 2,379,697, July 3, 1945; C.A. 39, 4331 (1946). (20) Hearne (to SheU Development 
Co.), U.S. 2,379,708, July 3, 1946; C.A. 39, 4330 (1946). 
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3:7110-3:7120 


3:7110 l-CHLOROBUTENE-l 

CH»— CHr-C— H 

H— d— Cl 
tram 


C4H7CI 
CHs— CH2~-C— H 
and I 

Cl— C—H 


BeU. S. N. 11 


tram Stereoisomer 

B.P. 

68.0-68.2° at 760 mm. (1) Dj® = 0.9205 (1) niJ ® « 1.4225 (1) 

£>2 = 0.9376 (1) 

cis Stereoisomer 

B.P. 

63.4-63.6* at 760 mm. <1) Di® = 0.9153 (1) n})® = 1.4194 <1) 

D% = 0.9329 (1) 

Both stereoisomers form with abs. EtOH const. -boil, mixts. from which C can be re- 
covered by repeated shaking with 3 vols. aq. to remove the ale.: the azeotrope with the 
tram form, b.p. 61.2-61.6° at 760 mm., D4® = 0.8912, cants. 79.8% by wt. of C; the azeotrope 
with the ci8 form, b.p. 57.0-58.2° at 760 mm., D]^ = 0.8946, conts. 85.2% by wt. of C (1). 

[For formn. of both tram and cis forms of C from d,i-l,2-dichlorobutane (3:7680) with 
ale. KOI! (1 mole -f 25% excess) refluxed 3 days (some 2-chlorobutene-l (3:7075) is also 
formed) see (1).] 

[The CIS form of C with ale. KOH splits off HCl 2 9 times as fast as the tram form (1).] 
[C with CI2 in dark at 10° gives (70-75% yield (2)) 1,1,2-trichlorobutane, but no constants 
for latter can be found either in (2) or in prior literature.] 

3:7110 (1) Navez, Bull. soc. chim Belg 39, 4.35 443 (1930); Cent. 1931, I 1269-1270; C.A. 23, 
2412 (1931). (2) Hciine, Hinkamp J. Am Chem. Hoc. 67, 1197 (1945). 


;7120 

l-CHL0R0.2-METHyLPR0PENE-l CH3 

CiHtCI 

BeU. I - 

209 


03 ,j3-Dimethyl vinyl chloride; 
isocrotyl chloride; 

CHs— i=CH 

1 


Ii- 

I*- 

: 


a-chloroisobutylene ) 

61 





B.P. 

68-69° 

at 776 mm. (1) 

= 0.9144 

<3> 

«26 

« 1.4198 

(3) 

68.1° 

(2) (5) 



_20 



66.9° 

at 767 mm. (3) 

= 0.9186 

( 2 ) 

- 1.4221 

( 2 ) 

65-68° 

(4) 

0.918 

< 6 » 


1.422 

<7) 


[See also ^chloro-2-methylpropeneA (3:7145).] 

Note that for C the designation ^-dimethyl vinyl chloride is now preferred, cf. (5); 
great care should be used to avoid confusion of C with the isomeric and very closely related 
3-chloro-2-methylpropene-l (methallyl chloride) (3:7145); both these compounds are 
now commercial chemicals in the U.S.A. 

[For prepn. of C from 3-chloro-2-methylpropene-l (methallyl chloride) (3:7145) see 
(2) (8): e.g., methallyl chloride (10 moles) i^th 80% H2SO4 (1 mole) stirred at 40° for 
2^ hrs. gives an upper phase contg. 87% C -f 7% residual methallyl chloride 4* 6% 
dichlorides and polymers; after washing free from acid, drying, and distilling it yields 
85% C (8) (20).] _ 

[For formn. of C (iraually accompanied by the isomeric methallyl chloride and/or other 
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l-CHLORO-2-METHyLPROPENB-l 
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prods.) from 2-methyIpfropene-l (isobutylene) with CI 2 <5) <9), from l,l-dichloro-2-methyl- 
propane (isobutylidene dichloride) (3:7425) by actn. of NH4OH or ale. KOH (4), from 1,2- 
dichloro-2-methylpropane (isobutylene dichloride) (3:7430) with ale. KOH (10) see indie, 
refs.) 

(For formn. of C (together with the isomeric methallyl chloride) from l-chloro-2-methyl- 
propanol-2 (isobutylene chlorohydrin) (3:7752) by soln. in cold 45% H 2 SO 4 and subse- 
quent warming (giving 90% C + 10% methallyl chloride (2) (8>), or by use of P 2 O 8 (11) cf. 
(12); from l,l,l-trichloro-2-methylpropanol-2 (1,1,1-trichloro-ter-butyl ale. = “ Chlore- 
tone ”) (3:2662) with Zn dust boilg. ale. (13), or from isobut)rraldehyde (1:0120) 
by actn. of PClg (4) see indie, refs.] 

C forms with aq. a const.-boilg. mixt., b.p. 61.9®, contg. 7.5% aq. (2) 

[For study of anesthetic props, of C see (14).] 

Reactions involving further substitution of H atoms in C. [C with CI2 (in pres, of 1.5 
moles NaHCOa at 0® (15)) cf. (2) reacts not only by addn. but also by substitution (the 
latter involving a shift of double bond) giving respectively 32% l,l,2-trichloro-2-methyl- 
propane (3:5710) + 68% l,l-dichloro-2-methylpropene-2 (3:7480).] 

Reactions involving the double bond of C. [C adds CI 2 (see preceding paragraph).] 

[0 also adds HOCl (chlorohydrination); e.g., C with CI 2 + aq., or aq. HOCl, or even 
alkyl or aralkyl hypochlorites as directed (16) cf. (2) (4), yields l,l-dichloro-2-mcthyl- 
propanol-2 (jd,/d-dichloro-ter-butyl ale.) (3 : 5772), b.p. 150®.] 

[C can also undergo catal 3 rtic hydration of the double bond: e.g., C (1 mole) with 90% 
H2SO4 (1 mole) stirred at —10° to 0® for 2 }^ hrs., then poured onto cracked ice, diluted 
with aq., and distilled, gives 66% of the initial C as l-chloro-2-methylpropanol-2 O-chloro- 
ter-butyl alcohol) (isobutylene chlorohydrin) (3:7752); note that other acids can also be 
used for this hydration, e.g., 85% H3PO4, 70% HNO3, 60% HCIO4, benzenesulfonic acid^, 
e.g., each having its own optimum conditions. Note also that some 18% of the initial C 
is not hydrated but is partially isomerized to a mixt. contg. 90% 0 + 10% methallyl 
chloride 02) (17).] 

Reactions involving the halogen atom of C. Note that in C the halogen is extremely 
inert as compared with that of the isomeric methallyl chloride (3:7145); this permits 
removal of the latter from C by chemical means (see below). 

[C is virtually unattacked by aq. or ale. KOH even at 100® (11) (1) (2) (dif. from methallyl 
chloride (3:7145)). — C does not react with boilg. aq. K2CO3 or KOAc (1) (dif. from 
methallyl chloride (3:7145)).] 

[C is not normally convertible to isobutyraldehyde except under extreme conditions (5) 
(dif. from methallyl chloride (3:7145) which upon acid hydrolysis or even boilg. with aq. 
gives isobutyr^dehyde).] 

/9^-Dimethylvinyl (isocrotyl) acetate: unreported. 

/S^-Dimethylvinyl (isocrotyl) benzoate: unreported. 

/8,/8-Dimethylvinyl (isocrotyl) p-nitrobenzoate: unreported. 

j8,/8-Dimethylvinyl (isocrotyl) 3,6-dinitrobenzoate: unreported. 

N-(i9,i9-dimethylvinyl)phthalimide: unreported. 

8:7120 ( 1 ) Pogorshelski, J. Russ, Phya.^Chem. Soc, 36, 1120-1184 (1904); Cent. lOOOj I 667-668. 
( 2 ) Burgin, Hearne, Rust, Ind. Eng. Chem. 83, 385-388 (1941). (3) Hurdis, Sm 3 rth, J. Am. 
Chem. Soc. 65, 89 (1943). (4) Oeconomides, Compt. rend. 02, 1237 (1881); BuU. aoc. chim. (2) 
85. 499-500 (1881). (5) Burgin, Engs, GroU, Hearne, Ind. Eng. Chem. 31, 1413-1419 (1939). 

(6) Engs, Redmond, U.S. 2,077,382, AprU 20, 1937; Cent. 1037, II 1660; C.A. 31, 3937 (1937). 

(7) Aschan, Oversikt Finska V eUnskapS’Soc. Fdrh. 58, 122 (1915). (8) Groll, Burgin (to Shell 
Development Co.), U.S. 2,042,223, May 26, 1936; Cent. 1087, I 1274; C.A. 30, 4875 (1936). 
(9) Tamele, Ott, Marple, Hearne, Ind. Eng. Chem. 83, 115 (1941). (10) Mouneyrat, Ann. chim, 
(7) 20, 633-534 (1900). 
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3:7120-3:7195 


(ll) Michael, J, prakt. Chem. (2) 64, 104 (1901). (12) Krassuski, J. prakt, Chem, (2) 64, 390 
(1901); J, Ru 88. Phya.-Chem. Soc. 33, 1-26 (1901); Cent. 1901, I 996. (13) Jozitsoh, J. Buss. 
Phya.^Chem. Soc. 36, 920-924 (1898) ; Cent. 1899, 1 606. (14) Abreu, Peoples, Emerson, Aneetheeia 
and Aiudgeaia 18, 156-161 (1939); Cent. 1939, II 2111; C.A. 83, 6959 (1939). (15) Tishchenko, 
J. Gen. Chem. (U.S.S.R.) 8 , 1232-1245 (1938); Cent. 1939, II 4222; C.A. 38, 4190 (1939). (16) 
GroU, Hearne (to Shell Development Co.), U.S. 2,060,303, Nov. 10, 1936; Cent. 1937, I 4154; 
C.A. 31, 419 (1937) : N. V. do Bataafsche Petroleum Matschappij., Brit. 437,573, Oct. 31, 1935; 
Cent. 1936, II 2227; C.A. 30, 2199 (1936); French 787,529; Sept. 24, 1935; Cent. 1936, 11 2227; 
C.A. 30, 1067 (1936). (17) GroU, Burgin (to SheU Development Co.), U.S. 2,042,222, May 26, 

1936; Cent. 1937, 1 1546; C.A. 30, 4875 (1936); N. V. de Bataafsche Petroleum Matschappij, 
French 791,644, Dec. 14, 1935; Cent. 1936, II 2227. 


3:7136 d,f-2-CHLOROBUTANE C 4 H 9 CI BeU. I - 119 

(sec.-Butyl chloride; CH 3 — CHjr- CH— CHs Ii— 

ethyl-methyl-carbinyl chloride) 1 l 2 -( 81) 


B.P. 



F.P. 




68.4r>68.6® 

u.c. 


(28)] -131.3° (1) (10) 

= 

0.86767 (1) 


68.35® 

at 

760 mm. 

( 1 ) ( 2 ) 




68 . 1 ° 



(3) 

II 

0.8740 (5) 


68.9-68.1® 



(4) 


0.87323 (1) 


68 ® 

at 

761 mm. 

(5) 


0.8726 (5) 


68 ® 

at 

769 mm. 

(5) 


0.8707 ( 6 ) 


67.3-67.8® 

cor. 


(6) 




67.3® 

at 761.4 mm. 

<r) 

II 

0.87880 (1) 


67.3-67.3® 

at 

740 mm. 

(4) 


= 1.3953 (11) 

67.3-67.7® 

at 

734 mm. 

( 8 ) 




67.3® 

at 

764 mm. 

(7) 


n|>® = 1.39700 

(5) 

66.5® 

at 731.8 nun. 

(9) 


1.39694 

(5) 






1.3969 

(3) 

(For b.p. of C at various press, in 


nt* = 1.3994 

U> 


range 49-285 mm. see (2),) 

Liquid with agreeable ethereal odor. 

[For prepn. of C from butanol>2 (1 : 6155) by saturation with dry HCl gas and htg. in 
s.t. at 100® for several hrs. (9); by distiUation with 18 wt. pts. 6 N HCl (50% yield (12)); 
with cone. HCl -f ZnCl 2 (2 moles) (yields: 85-88% (13), 83% (14), 82% (5), 78% (15), 
60-68% (16) (17)) ( 6 ); with PCls + ZnCb (yields: 67% (15), 40% ( 6 )); with PCI 5 + 
ZnCl 2 (71% yield (15)); with SOCI 2 + pyridine (yields: 90% (15), 47% (5)); or with HCl 
in pres, of H 3 PO 4 (18) see indie, refs.] 

[For formn. of C from either butene-1 or butene-2 with HCl gas by addn. to unsatd. 
linkage (7) (19) in pres, of cat. (20) (21) (22) see indie, refs.; from 71 -butane with Cb see 
(4) (23); from n-butylamine with HN (>2 (2.8% yield C accompanied by 36.5% butenes, 
25% butanol-1, 13.2% butanol-2, 5.2% ri-butyl chloride (3:7160) and other prods.) see 
(24); from sec.-butylamine with NOCl in xylene see (25).] 

[For study of anthelmintic props. 8f C see (26).] 

Pyrolysis of C. [C at 450-550® without cat. loses HCl and srields (4) (27) a mixt. contg. 
butene-1, cts-butene-2, and fra7^butene-2 (dif. from 1-chlorobutane (3:7160) which gives 
only butene-1); C at 450® in pres, of anhyd. CaCh as cat. gives (4) (27) the same mixt. 
(as does also 1-chlorobutane (3: 7160)). For use of this pyrolysis in distinction of C from 
fer-butyl chloride (3:7045) see (23).] 



3 : 71»5 


d,^2-CHLOROBUTANE 


Further halogenation of C. [C with CI 2 at 200-380° gives (28) a mixt. of dichlorobutanes 
contg. 1,3-dichlorobutaiie (3:7925), 2,2-dichlorobutane (3:7415), and d,Z-2,3-dichloro- 
butane (3:7615) but no 1,2-dichlorobutane (3:7680); note, however, that C with CI 2 in 
pres, of light gives (29) 1,2-dichlorobutanc (3:7680), 1,3-dichlorobutane (3:7925), 2,2- 
dichlorobutane (3:7415), and both d,Z- (3:7615) and meso- (3:7580) 2,3-dichlorobutanes.] 
Reactions of the halogen atom of C. [For study of rate of reactn. of C with K1 in acetone 
at see (30).] 

[C with CeHe + AICI 3 gives (yields: 82.5% (9), 69% (31)) «ec.-butylbenzene (1:7490); 
C with CeHe + Al/Hg gives (59.5% yield (32)) ter-butylbenzcne (1:7460); C with naphtha- 
lene -h AlHg gives (48% yield (32)) l-(sec.-butyl)naphthalem5.] 

[C with acetanilide -f AICI 3 in ethylene dichlonde (3:5130) at —5° gives (33) A-acetyl- 
p-(«cc.-butyl)aniline, cryst. from di-isopropyl ether, m.p. 121-122° (33).] 

C with Mg in dry ether gives (87% yield (34)) sec.-BuMgCl (see also below). 

Ethyl-methyl-acetic acid (1 : 1105): b.p. 176-177°. [From C by conversion to RMgCl 
and carbonation of the latter with CO 2 (yields: 76-86% (35), 72%) (by adding ether 
soln. directly to solid COo (36)).] 

(g) Ethyl-methyl-acetic anilide: m.p. 110-111° (37), 108° u.c. (38), 105.5-106.5° u.c. (39). 
[From C (39) (24) or scc.-BuBr (38) by conversion to RMgX and reactn. in dry ether 
with phenyl isocyanate.] [Note that this prod, does not distinguish C from ethyl 
chloride (3:7015) or from isopropyl chloride (3:7025) for which the corresp. anilides 
melt at 104-104.5°; moreover, it is not recommended as distinction from isobutyl 
chloride (3:7135) for which the corresp. isovaloranilide has m.p. 109-110° u.c. (39).] 
(© Ethyl-methyl-acetic-p-toluidide: m.p. 92.5-93° u.c. (30). [From C by conversion to 
RMgCl (see above) and reactn. in dry other with p-tolyl isocyanate (39).] 

(g Ethyl-methyl-acetic a-naphthalide: m.p. 128-129° u.c. (39). [From C by conversion 
to RMgCl (see above) and reactn. in dry ether vith a-naphthyl isocyanate (39).] 
[Note that this prod, does not distinguish C from isobutyl chloride (3:7135) for which 
the corresp. isovalero-a-naphthalide has m.p. 125-126° u.c. (39).] 

sec.-Butyl mercuric chloride (sec.-BuHgCl) : cryst. from ale., m.p. 30.5° (40). 

[Reported only by indirect means (40).] 

S-f5ec.-Butyl)isothiourea picrate:| m.p. 190° (41 ). [Not reported from C but obtd. 

from sec.-BuBr (0.2 g.) + thiourea (0.2 g.) refluxed in ale. (2 ml.) for 2 min., then 
treated with PkOH (0.2 g.) dislvd. in least possible hot ale. (41).] 

IV- (aec. -Butyl )phthalimide (2-(Af-phthalimido)butane): m.p. 24.5-25.5° (42). 

[Not reported from C but obtd. (35% yield (42)) from scc.-BuBr with K phthalimide 
by htg. in s.t. at 210° for 4 hrs.; note that m.p. is too low to be recommended as deriv. 
for identification.] 

Af-(aec.-Butyl)-3-nitrophthalimide: unreported. 

fV-(sec.-Butyl)tetrachlorophthalimide: unreported. 

Af-(5ec.-Butyl)-o-sulfobenzoic imide (fV-(sec.-butyl)saccharin): m.p. 81° (43). 

[Not reported from C but obtd. from «ec.-BuBr or sec.-BuI with sodium saccharin in 
aq. butylcarbitol (1 :6517) on refluxing for 30 min. (43).] 

Af- (sac.-Butyl)-iV- (^-bromobenzeiiesulfonyl)^-anisidide : unreported. 

>-(5ac.-Butoxy)benzoic acid: m.p. 121-123° u.c. (44). [From C (?) or from sec.- 

BuBr with ethyl p-hydroxybenzoate (1:1534) in abs. ale. NaOEt on refluxing 1 hr. 
<44).] [Note, however, that this prod, does not distinguish C from the corresp. deriv. 
of n-amyl chloride (3:7460) whose m.p. is 123-124° u.c. (44).] 

stfc.-Butyl 2,4,6-triiodophenyl ether: unreported. 

sec.-Butyl a-naphthyl ether: b.p. 293.5° cor. (45). (Corresp. picrate, m.p. 100.5- 

101.0° cor.; Neut. Eq. calcd. 429, found 427 (45).) 
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sec.-Butyl | 8 -naphthyl ether: b.p. 298.6® cor. (45), 298® (46). (Corresp. picrate, 

m.p. 86.0-86.5® cor. (45); 85® (46); Neut. Eq., calcd. 429, found 429 (46).) 

3:7125 (1) Timmermans, Martin, J. chim. phys. 25, 424-425 (1927). (2) Roland, Bull, aoc. 

chim. Bdg. 37, 122 (1928). (3) WiswaU, Smyth. J. Chcm. Phys. 9, 357 (1941). (4) Weston, 

Hass. J. Am. Chcm. Soc. 54, 3337-3343 (1932). (5) Vogel. J. Chem. Soc. 1948, 638-639. (6) 

Norris, Green, Am. Chem. J. 26, 307-308 (1901). (7) Coffin, Sutherland, Maass, Can. J. Research 

2, 267-278 (1930); Cent. 1930, II 2250; C.A. 24, 3750 (1930). (8) Dadieu, Pongrats, Kohlrausch, 

MoncUah. 61, 416 (1932). (9) Estreicher, Ber. 33, 438—441 (1900). (10) Timmermans, BtUl. 

80C. chim. Belg. 36, 504 (1927). 

(11) Wendell, Am. Chem. J. 26, 318 (1901). (12) Norris, Am. Chem. J. 38, 641-642 (1907). 

(13) Copenhaver, Whaley, Org. BynBteaea, Coll. Vol. 1 (2nd ed.), 143, espec. Note 6 (1941). 

(14) Whaley, Copenhaver, J. Am. Chcm. Soc. 60, 2497-2498 (1938). (15) Clark, Streight, 

Trans, Hoy. Soc. Can. (3) 23, III 77-89 (1929). (16) Noriis, Org. Syntheses, Coll, Vol. 1 (1st ed.), 

137-138 (1932); 5, 28, Note 5 (1925). (17) Norris, Taylor, J. Am. Chem. Soc. 46, 756 (1924). 

(18) A. Wacker Soc. Elektrochem. Ind., French 687,855, Aug. 14, 1930; Cent. 1930, II 3637; 
C.A. 25, 709 (1931). (19) Coffin, Maass, Can. J. Heaearch 3, 526-539 (1930); Cent. 1931, I 

2430; C.A. 25, 1146-1147 (1931). (20) Strange, Kane, Brit. 500,880, Maich 16, 1939; Cent. 

1939, II 226; C.A. 33, 5867 (1939). 

(21) Kano (to Stiange), U.S. 2,119,167, May 31, 1938; C.A. 32, 5413, Biit. 414,766, Sept. 6, 
1934; French 769,103, Aug. 20, 1934; CcrU. 1935, I 1934. (22) Winkler, Ger. 574,802, March 30, 

1933; Cent. 1933, I 3497. (23) Hass, McBee, Weber, Ind. Eng. Chem. 27, 1190-1195 (1935). 

(24) Whitmore, Langlois, J. Am. Chcm. Soc. 54, 3441-3447 (1932). (25) Ssolonina, J. Russ. 

Phys.-Chem. Soc. 30, 431-449 (1898) ; Cent. 1898, II 888. (26) Wright, Schaffer, Am. J. Hyg. 16, 

325-428 (1932); Cent. 1932, II 3119; J. Parasitol. 16, 107-108 (1929); C.A. 26, 4869 (1932). 
(27) Hass, Weston (to Purdue Research Foundation), U.S. 1,975,456, Oct. 2, 1934; Cent. 1935, 
II 2880; C.A. 28, 7260 (1934). (28) Rust. Vaughan, J. Org. Chem. 6. 479-A88 (1941). (29) 

Tishchenko, Churbakov, J. Gen. Chem. (U.S.S.R.) 7, 663-666 (1937); Cent. 1937, II 372; C.A. 
31, 5754 (1937). (30) Conaiit, Hussey, J. Am. Chem. Soc. 47, 485 (1926). 

(31) Boedtker, Bull. soc. chim. (4) 45, (549 (1929). (32) Diuguid, J. Am. Chem. Soe. 63, 3627- 
3528 (1941), (33) U.S Industiial Ale. Co., French 811,832, April 23, 1937; Cent. 1937, II 1267; 

C.A. 32, 593 (1938). (34) Whitmore, Badertscher, J. Am. Chem. Soc. 55, 4159 (1933). (36) 

Gilman, Kirby, Org. Syntheses, Cell. Vol. 1 (2nd ed.), 361-364 (1941); (lat ed.), 353-356 (1932). 
(36) Bartlett, Stauffer, J. Am. Chem. Soc. 57, 2582 (1935). (37) Verkade, Rec. trav. chxm. 36, 

204 (1916). (38) Schwartz, Johnson, J. Am. Chem. Soc. S3, 1063-1067 (1931). (39) Under- 
wood, Gale, J. Am, Chem. Soc. 56, 2117-2120 (1934). (40) Marvel, Calvery, J. Am. Chem. Soc. 

45, 821 (1923). 

(41) Brown, Campbell, J. Chem. Soc. 1937, 1699-1700. (42) Mumm, Richter, Ber. 73, 865 

(1940). (43) Merritt, Levey, Cutter, J. Am. Chem. Soc. 61, 15-16 (1939). (44) Lauer, Sanders, 

Leekley, Ungnade, J. Am. Chem. Soc. 61, 3050 (1939). (45) V. H. Dernier, O. C. Dermer, J, 

Org. Chem. 3, 290-291 (1938/39). (46) Wang, J. Chinese Chem. Soc. 1, 61-62 (1933). 

3: 7135 l-CHLORO-2-METHyLPROPANE CH 3 C 4 H 9 CI BeU. I - 124 
(Isobutyl cUoride; I li-( 40) 

isopropylcarbinyl cldoride) V !,.( 87) 

Cl 

B.P. M.P. 

68 . 86 ° at 760 mm. (1) (2) -130.3° ( 6 ) (7) = 0.87177 (1) 

68.8-69.3° at 769.2 mm. (3) -131.3° (1) (2) = 0.8810 (5) 

68.5° cor. (4) 0.87733 (1) 

68.5° cor. at 766 mm. (5) .. 0.88390 (1) 

68.3° ( 6 ) (7) ( 8 ) 

n|f = 1.39576 (1) 
= 1.39841 ( 6 ) 
1.39836 (1) 
1.3983 ( 8 ) 

ni^ .. 1.40096 (1) 
1.40047 ( 6 ) 

[.See also 2-cUoro-2^methylpropane (3:7045).] 
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1-CHLOR0-2-METHYLPROPANE 


Colorless liquid. — Very spar. sol. aq.; 100 ml. aq. at 12.5'* dis. 0.092 g. C (9). 

C forms with aq. a const.-boilg. mixt. (consts. not reported (10)) (use in sepn. from 
ter-butyl ale. (1:6140) (10); C also forms binary azeotropes with many org. compounds; 
e.g., C with (1:6130) forms a const.-boilg. mixt., b.p. 61.45® at 760 mm., contg. 

72 mole % C (11); C with propanoJrl (1:6150) forms a const.-boilg. mixt., b.p. 67.7® at 760 
mm., contg. 78 wt. % C (12); C with propanol-IB (1:6135) forms a const.-boilg. mixt., b.p. 
64.8® at 760 mm., contg. 83 wt. % C (13); C with ter-hiUyl ale. (1:6140) forms a const.- 
boilg. mixt., b.p. 65.5° at 760 mm., contg. 83 wt. % C (14); C wi^ allyl ale. (1:6145) 
forms a const.-boilg. mixt., b.p. 67.2° at 760 mm., contg. 93 wt. % C (14); C with EtOH 
(1:6130) + aq. fon^ a ternary const.-boilg. mixt., b.p. 58.62° at 760 mm. (2 phases), 
contg. 62.6 mole % C -f- 19.8 mole % EtOH -f 17.6 mole % aq. (11). 

[For prepn. of C from isobutyl ale. (1 : 6165) with dry HCl gas in s.t. at 120° for 8 hrs. 
(3) cf. (23) (gives 94% yield of a mixt. of C -f <er-butyl chloride (3:7045) from which 
latter can be removed by 5-hr. shaking with 10% aq. KOH (3)) cf. (22); with dry HCl gas 
at 100® for 10 hrs. (4) or in pres, of pyridine (15) or CdO, ZnCl2 or other cat. (16); or over 
AI2O3 at 420° (ter-butyl chloride is also formed (17)); with cone. aq. HCl + ZnCU refluxed 
1 hr. (15% yield (18) (19)); with PCI3 + ZnCl2 (yields: 85% (20), 80% (18), 32% (21)) 
(note that some icr-butyl chloride is formed (21)); with PCU (24) or PCU + ZnCl2 (76% 
yield (18)); or with SOG2 + pyridine (88% yield (18)) (5), SOCI2 + dimethylaniline 
(70% yield (18)), SOCI2 + diethylaniline (58% yield (18)) (note that use of aniline gives 
only 19% yield (18)) see indie, refs.] 

[For formn. of C from 2-methylpropane (isobutane) with CI2 + cat. at 180° (60% yield 
(25) together with other prods.) (26) see indie, refs.; for formn. of C from isobutylene by 
cat. addn. of HCl (note “ abnormal ” addition) see (27).] 

[For formn. of C from isobutylamine with NOCl in xylene at —15° (28) or with aqua 
regia (29) see indie, refs.; from n-butyl acetate (1:3145) by pyrolysis with AICI3 see (30).] 
[For sepn. of C from ter-butyl chloride (3 : 7045) by hydrol. of latter with aq. alk. and 
extraction of the resultant <cr-butyl ale. with aq. see (10) (3); for sepn. of C from more 
reactive alkyl chlorides (such as ter-butyl chloride (3:7045), methallyl chloride (3:7145), 
etc. ) by esterification of the reactive chlorides by htg. at 125-225° under press, in pres, of 
Cu with alkali salt of a suitable acid, followed by fractional distn., see (47).] 

[C on suitable htg. dec. into isobutylene and HCl; if the process is so conducted that 
these prods, can react at lower temp, they combine to yield ter-butyl chloride (3:7045): 
e.g., C passed over pumice at 500° (31), or over clay at 250-300° (32), or over BaCl2, ThCU, 
Th02, kaolin, etc., at 300° (33) (34) (35) (36), or with H2 over reduced Ni at 270° (35) (36) 
yields isobutylene -|- HCl; for execution of this process so as to permit recombination to 
(er-butyl chloride (3 :7045) see (37). — Note that C on htg. in s.t. at 306° for 6 hrs. gives 
(3) 8% <cr-butyl chloride; for study of the equilibrium in the system C -H ^er-butyl chloride 
+ HCl over range 88-237° see (38).] 

[C with CI2 yields (39) (26) l,3-dichloro-2-methylpropane (3:7960) and other prods. — 
C with Br2 (1 mole) in pres, of Fe in 8.t. at 100° for 6 hrs. gives (40) l,2-dibromo-2-methyl 
propane (isobutylene dibromide), b.p. 148° (40).] 

|C with aq. soln. or susp. of inorg. bases under press, at 120-350® yields ^41) a mixt. 
contg. isobutyl ale. (1:6165), ter-butyl ale. (1:6140), and isobutylene. — For study of 
rate of hydrolysis of C in 50% ale. in pres, and abs. of H2SO4 see (42). — In connection 
with hydrolysis of C to isobutyl ale. note that these two form no azeotrope (1).] 

(C with Na in hq. NH3 gives 2-methylpropane (isobutane) (43); but C with NaNH2 in 
liq. NHs gives isobutylene (43).] 

[C with CeHe 4* AICI3 gives exclusively (44) (45) (46) (21) ter-butylbenzene (1:7460).] 
C with Mg in dry ether in pres, of trace of Mel as cat. gives in 8 hrs. (98.9% yield (48)) 
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corresp. isobutyl MgCl; the ethereal soln. of this RMgCl undergoes the usual reactiuk 
(see also below). 

® Isovaleric acid (1:1050) q.v. [From isobutyl MgCl with C02 followed by dil. 

non-volatile acid and subsequent distn. (49) (yield not reported).] 

® Isovaleranilide: m.p. 109-110° u.c. (50). [From isobutyl MgCl (above) with phenyl 
isocyanate in dry ether <50>.l [Note that this derivative does not distinguish C from 
isoamyl chloride (3:7365) or 2-chlorobutane (3:7125) q.v.] 

® Isovalero-^-toluidide: m.p. 106-107° u.c. <50>. [From isobutyl MgCl (above) with 
p-tolyl isocyanate in dry ether (50).] [Note that this derivative does not distinguish 
C from 3-chloropentane (3 : 7330) q.v., but that it is the best means of distinction 
from 2-chlorobutane (3:7125).] 

® Isovalero-oc-naphthalide: m.p. 125-126° u.c. (50). [From isobutyl MgCl (above) 
with a-naphthyl isocyanate in dry ether (50) .] [Note that this derivative does not 
distinguish C from 2-chlorobutane (3:7125) q.v.] 

Isobutyl mercuric chloride: unreported. 

S- (Isobutyl )isothiourea picrate : m.p. 174° (51 ). [This prod, has been reported from 

isobutyl bromide (or iodide) (but not from C) by htg. with thiourea in ale. for 2 mm.| 
followed by addn. of ale. PkOH (51).] 

^-(Isobutyl)phthalimide (l-(Ar-phthalimido)-2-methylpropane): Ifts. from CS 2 , 

m.p. 93° (53). [This prod, has been reported from isobutyl bromide with K phthalimide 
on htg. in s.t. at 210° for 3-4 hrs. (53).] 

(Isobutyl) -S-nitrophthalimide: unreported. 

(Isobutyl )tetrachlorophthaUinide: unreported. 

(Isobutyl) -^-(^-bromobenzenesulfonyl)-^-anisidide: cryst. from 75% ale., 

m.p. 78-79° (57). [From C (?) or the corresp. isobutyl bromide with i\f-(piromo- 
benzenesulfonyO-p-anisidine in ale. KOH after 1 hr. refluxing (57).] 

iV- (Isobutyl) -o-sulfobenzoic imide (AT- (isobutyl) saccharin: m.p. 75.0° (55). [Not 

reported from C, but obtd. from isobutyl bromide or iodide with sodium saccharin in 
aq. butylcarbitol (1 : 6517) on refluxing 30 min. (55).] 

^-(Isobutoxy)benzoic acid: m.p. 140-141° u.c. (56). [From C with ethyl p-hydroxy- 

benzoate (1 : 1534) in abs. ale. NaOEt on refluxing 1 hr. (56).] [Note, however, that 
this prod, does not distinguish C from isoamyl chloride (3 : 7365) for which the corresp. 
p-(isoamoxy)benzoic acid has m.p. 141-142° (56).] 

Isobutyl 2,4,6-tri-iodophenyl ether: m.p. 48.0° cor. (52). [This prod, has been 

obt. from isobutyl bromide (but not C) with 2,4,6-tri-iodophenol in ale. NaOEt (52).] 
[Note that it would not distinguish C from 1-chloropentane (3 : 7460) or 1-chlorohexane 
(3:7955).] 

Isobutyl a-naphthyl ether: b.p. 301.5° cor. (54). (Corresp. picrate, m.p. 104.5- 

105.5° cor. (54).) 

Isobutyl jS-naphthyl ether: b.p. 204.5° cor. (54), m.p. 33.0-33.5° cor. (54). (Corresp. 

picrate, m.p. 84.0-85.0° cor. (54).) 

3:7135 ( 1 ) Timmermans, Martin, J. chim. phya. 23, 778-779 (1926). (2) Timmermans, Bull. 

80 C. chim. Bdo. 27, 334r-343 (1913); Cent. 1314, I 618. (3) Michael. Zeidler, Ann. 393, 110-111 
(1912). ( 4 ) Linnemann, Ann. 162, 16-17 (1872). (5) Vogel, J. Chem. Soc. 1943, 638-639. 
(6) Turkevich, Smyth, J. Am. Chem. Soc. 64, 737 (1942). (7) Turkevich, Smyth, J. Am. Chem. 
Soc. 62, 247 (1940). (8) WiswaU, Smyth, J. Chem. Phya. 9, 357 (1941). (9) Fiihner, Ber. 57, 
514 (1924). (10) Britton, Coleman, Warren (to Dow Chem. Co.), U.S. 1,984,725, Dec. 18, 1034; 
Cent. 1935, 1 3199. 

(11) Lecat, L’azeotropisme,*’ Brussels, 1918. (12) Lecat, Rec. trav. chim. 45, 624 (1926). 
(13) Lecat, Rec. trap. chim. 46, 242 (1927). (14) Lecat, Ann. aoc. ad. BruxeUea 47, I 152, 1^ 
(1927). (15) Haack (to Chem. Fabiik von Heyden), Ger. 624,693, Jan. 30, 1936; Cent. 1986, 
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I 3676; C.A. 30» 4876 (1936). <16) Ricard, Allenet et Cie, Brit. 191,002, Feb. 14. 1923; French 

545,290, Oct. 9, 1922; Ger. 430,682, June 30, 1926; Cent 1923, II 907. (17) Sabatier, Mailhe, 
Compt. rend. 169, 124 (1919). (18) Clark, Straight, Trans. Roy. Soc. Can. (3) 23, III 77-89 

(1929). (19) Norris, Taylor, J. Am. Chem. Soc. 46, 755-757 (1924). (20) Dehn, Davis, J. Am. 

Chem. Soc. 29, 1328-1334 (1907). 

(21) Shoesmith, Mackie, J. Chem. Soc. 1928, 2336. (22) Freund, J. prakl. Chem. (2) 12, 

29-33 (1875), (23) Mouneyrat, Ann. chim. (7) 20, 530 (1900). (24) Pierre, Puchot, Ann. 163, 

276-278 (1872). (25) Britton, Coleman, Hadler (to Dow Chem. Co.), U.S. 1,954,438, April 10, 

1934; Cent. 1934, II 3180, C.A. 28, 3739 (1934); U.S. 2,018,345, Nov. 22, 1935; Cent 1936, 1 3907; 
C.A. 30, 106 (1936). (26) Hass, McBee, Weber. Ind. Eng. Chem. 27, 1190-1195 (1935). (27) 

Britton, Rousch (to Dow Chem. Co.), U.S. 2,069,624, Feb. 2, 1937, Cent. 1937, I 5045. (28) 

Ssolonina, J. Russ. Phys.-Chem. Soc.» 30, 431-449 (1898) ; Cent. 1898, II 887. (29) Ssolonma, 
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B.P. 


F.P. 



70.5° 


at 760 nun. (1) -34.6° ( 8 ) <0) 

= 1.084591 (1) 


69.8° 


(2) -34.4° (1) 

= 1.09151 <1) 


69.7° 


(3) -33.8° (5) 



69.69° 

cor. 

at 760 nun. (4) 

ng = 1.41167 

( 1 ) 

69.3° 


( 6 ) 



68.9-69.3° 

< 8 a» 

D 4 ® = 1.09843 <1) 


68.86-69.06° 

( 6 ) 



68.85-68.87° 

at 746 nun. (7) 




C with MeOH (b.p. 64.7°) forms a const.-boilg. mixt., b.p. 55.5°, contg. 79% C; C with 
EtOH (b.p. 78.3°) forms a const.-boilg. mixt., b.p. 63.2°, contg. 85.5% C ( 2 ). 

[For f.p./compn. data on mixts. of C with methylene (di)chloride (3:5020), with 1 , 1 - 
dichloroethane (ethylidene (di)chloride) (3:5035), with CCI 4 (3:5100), or with 1,1,1- 
trichloroethane (methylchloroform) (3:5085) sec ( 8 ).] 

[For prepn. of C from acetone (1:5400) with PCU [55% yield ( 10 ) (together with 45% 
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2-chloropropene-l (3:7020)) (10)] see (10) (5) (11) (12); for formn. (25.5% (13)) (together 
with other products) from propane by vapor-phase chlorination at 400® see (13) (14).] 

C on hydrolysis by htg. with 8 vols. aq. in s.t. at 160-180® (4), or with HI at 130® (4), or 
on passing with steam over cat. at 550-850® (15) yields acetone (1:5400). [For behavior 
of C with boilg. aq. + trace of NaHCOs or with boilg. aq. -f Fe see (13).] 

C with ale. KOH yields (12) (13) (16) (17) 2-chloropropene-l (3:7020), b.p. 22.3® [C 
with excess ale. KOH yields (18) propyne-1 (allylenc), b.p. —27.5°]. 

C with H2 over Ni at 300® (19) or over BaCl2 at 380-400® [Beil. I2-(73)J gives 2-chloro- 
propene-l (3:7020), b.p. 22.5°. 

8:7140 (1) Timmermans, Delcourt, J. chim» phya. 31, 91-92 (1934). (2) Lecat, Rec. trav, chim. 
46, 242 (1927). (3) Hass, McBee, Weber, Ind, Eng. Chem. 88, 338 (1936). (4/ Linnemann, 

Ann. 161, 67 (1872). (5) Turkevich, Smyth, J. Am. Chem. Soc. 68, 2469 (1940). (5a) Kohl- 

rausch, K5ppl, Monatah. 65, 196 (1935). (6) Gross, Phyaih. Z. 38, 589 (1931). (7) Maryott, 

Hobbs, Gross, J. Am. Chem. Soc. 63, 660 (1941). (8) van de Vloed, Bull. soc. chim. Belg. 48, 
260, 262 (1939). (9) Timmermans, Bull. aoc. chim. Belg. 85, 300-327 (1911) ; Cent. 1911, II 1015. 

(10) Henne, Renoll, J. Am. Chem. Soc. 59, 2435 (1937). 

(11) Friedel, Ladenburg, Ann. 148, 315-316 (1867). (12) Friedel, Ann. 118, 236 (1859). 
(13) McBee, Hass, Chao, Welch, Thomas, Ind. Eng. Chem. 33, 176-177 (1941). (14) Hass, 

McBee (to iWdue Research Foundation), U.S. 2,004,073, June 4, 1935, Cent. 1936, 1 1500. (15) 
Lloyd, Kennedy, U.S. 1,849,844, March 15, 1932; Cent. 1938, 1 2994. (16) Kahovoc, Kohlrausch, 

Z. phyaik. Chem. B-46, 178 (1940). (17) West, Farnsworth, Trans. Faraday Soc. 87, 147 (1931). 

(18) Friedel, Arm. 134, 262-264 (1865). (19) Mailhe, BuU. soc. chim. (4) 89, 538 (1921), 
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CH,=(!>— CH, 
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II- 

isobutenyl chloride; 
^-methylallyl chloride; 
7-chloroisobutylene) 



61 


[73.74® 

<i)j 

= 0.9475 (7) 

- 1.4340 (7> 

71-74® 

(2) 



72.2® 

(3) (8) 



71.5-72.5® 

<4> (5) 



70-71® (6) at 739 mm. 

(7) 




[See also l-chloro-Z-methylpropene-l (3:7120).] 

Note that for C the designation methaUyl chloride is now preferred (3); great care should 
be used to avoid confusion of C with the isomeric and very closely related l-chloro-2-methyl- 
propene-1 =* isocrotyl chloride = /J,/3-dimethylvmyl chloride = a-chloroisobutylene (3:7120); 
both these compounds are now commercial products in the U.S. A. 

Commercial C contains approx. 4% (10) of the isomeric /8,/3-dimethylvinyl chloride 
(3:7120); owing to the proximity of their boiling points the two isomers are extremely 
difficult to separate by distillation (8), but owing to the great reactivity of the halogen of 
C (see amplification below) and the relative unreactivity of the halogen of /3, /3-dimethyl- 
vinyl chloride (3 : 7120) interference from the latter in metatheiical reactions of comml. C 
need not be expected. 

[For prepn. of C from 2-methylpropene-l (isobutylene) with CI2 see (3) (2) (5) (9) (other 
prods, are also formed); for formn. of C as its equilibrium mixt. (10% C) with /3, /9-dimethyl- 
vinyl chloride (3:7120) by actn. of H2SO4 on latter see (8).] 

[For use of C as insecticide see (11) (12); for toxicity studies on beetles see (13); for 
detn. of C (when used as industrial fumigant) by reaction with ethanolamine in dioxane 
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, <14) or by thermal decomposition (15) see indio. refs.; for use of C in prepn. of cellulose 
ethers see (16) (17).] 

Reactions involving further substitution of H atoms in C. [C with Cl 2 at room temp. 
(8) cf. (5) (9) or in pres, of NaHCOs soln. at 0® (2) gives (70% yield (8)) a mixtw 
of approximately equal amounts of l,3-dichloro-2-methylpropene-l (3:5590) and 1-chloro- 
2-(chloromethyl)propene-2 (3:5633) (see also next paragraph).] 

Reactions involving the double bond of C. [C with Cb (5) (42) or with S02C12 (42) also 
(see above) adds halogen to the unsaturated linkage yielding (5) (42) l,2,3-trichloro-2- 
methylpropane (3:5710), b.p. 163.5-164® at 772 mm. (5).] 

[C with Br 2 , however, gives chiefly (93% yield (8)) cf. (5) (9) the expected addition 
prod., l-chloro-2,3-dibromo-2-methylpropane [Beil. 1-128], b.p. 57® at 5 mm., Dj® = 1.9168, 
nS * 1.5834 (8).] 

[C adds HCl with considerable difficulty; e.g., C with equal vol. 12 N HCl at 3®, or C 
at b.p. treated with HCl gas for 2 hrs., shows no reaction (3); however, C with equal vol. 
12 HCl shaken for 1)4 hrs. at 63® forms 30% of the expected l,2^chloro-2-methyl* 
propane (3:7430). — C with dry HBr gas readily reacts giving (97% yield (8)) l-chloro-3- 
bromo-2-methylpropane, b.p. 49® at 15 mm., Dj® = 1.4839, wd = 1.4816 (8) (note that 
this ** abnormal ” mode of addition of HBr is presumably attributable to the presence in 
C of peroxidic material (8)).] 

[C with aq. HOCl below 5® (1) (7) cf. (8), or C with Cb/aq. (8) (18) or even org. h 3 rpo- 
chlorites (18),_ gives by addn. of HOCl to unsatd. linkage l,3-dichloro-2“methylpropanol-2 
(3:5977). — C with aq. HOBr (from Br 2 /KBr in aq.) at room temp, for 4 hrs. gives 97.5% 
yield (1)) l-bromo-3-chloro-2-methylpropanol-2, b.p. 84-85° at 20 mm., Pfo = 1.7578, 
nD *= 1.5171 (1). — C in ether with aq. HgO + I 2 (HOI) at room temp, for 5-6 hrs. gives 
(15% yield (1)) 3-chloro-l-iodo-2-methylpropanol-2, b.p. 101-103® at 18 mm., nf? = 
1.547 (1).] 

[C can also add hypochlorite esters; e.g., C with <er-BuOCl (3:7165) in MeOH + trace 
p-toluenesulfonic acid at 40® for 3-4 hrs. gives (35% yield (6)) /3,/?-dichloro-ier-butyl methyl 
ether (l,8-dichloro-2-methoxy-2-methylpropane), b.p. 170° at 748 mm., P?? = 1.1953, 
nf? = 1.4595 (6).] 

[C can also undergo cat. hydration of the double bond; e.g., C, although but slightly sol. 
in 80% H 2 SO 4 at 0®, grad, dissolves on stirring; and after the solution is poured onto ice 
and the liquid distilled (8) (19) 63% of the original C can be recovered as /9-chloro-icr- 
buiyl alcohol (isobutylene chlorohydrin) (l-chloro-2-methylpropanol-2) (3:7752). Note 
that other acids can also be used for this hydration, e.g., 85% H 3 PO 4 , 70% HNO 3 , 60% 
H(I304, benzenesulfonic acid, etc., each having its own optimum conditions (8). Note 
also that in this reaction some 32% of the initial C is not hydrated but is partially iso* 
merized to a mixt. contg. 10% C with 90% /9,/9-dimethylvmyl chloride (3:7120) (see also 
below) (8).] 

[C can also be rearranged to the isomeric isocrotyl chloride; e.g., C (10 moles) with 80% 
H 2 SO 4 (1 mole) stirred at 40® for 2^ hrs. gives an upper phase which conts. abt. 87% 
isocrotyl chloride + 7% C -h 6% dichloiides and polymers; after washing free from acid, 
drsring, and distilling it yields 85% /?,/9-dimethylvinyl chloride (3:7120) (8) (20).] 

[C on sulfonation with dioxane suifotrioxide in ethylene dichioride gives (21) a complex 
mixt. of prods.; about 40% of the SOa adds to the unsatd. linkage giving a cyclic anhydride 
of the carbyl sulfate type, the remainder substitiUing to yield the three isomeric memo- 
sulfonio acids of C; neither polymerization nor disulfonation takes place; for details the 
original paper (21) should be consulted.] 

[For polymerization of C in the pres, of peroxides see (22).] 

[C condensed vdth CeHs in pres, of anhydrous liq. HF at 0-10® for 20 hra. as directed 
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(23) gives mainly (66% yield) 1-chloro-^-butylbenzene (l-^loro-2-methyl-2-phenyl- 
propane), b.p. Ill® at 90 mm., accompanied by a small amt. (10% yield) 6t9-(l-chloro- 
<er-butyl) benzene, b.p. 140° at 4 mm.] 

Reactions involving the halogen at(^ of C. [C upon hydrolysis with boilg. aq. K2COS 
soln. for 30 hrs. (9) cf. (5) (4) (43) or C with 10% aq. NaOH at 116° under press, (reaction 
complete in 16 min.) (10) (24) yields the corresp. methallyl alcohol (2-methylpropen-2-ol-l), 
b.p. 114.49°, * 0.8515, nU = 1.4255 (10); for important extensive survey of its re- 

actions see (25). Note, however, that the nature of the material obtd. by hydrolysis erf 
C (because of the reactivity of the resultant meth^yl alcohol) depends upon the precise 
conditions: e.g., if the reaction mixture becomes acid (either through inadequate mixing 
or lack of suitable neutralizer) isobutyraldehyde (1:0120) is formed (for instance, G with 
CaCOs 4* aq. at 140-180° under press, gives only isobutyraldehyde); if only temporary 
local regions of acidity develop and these subsequently become alkaline a complex mixt. 
(contg. isobutyric acid (1 : 1030), isobutyl alcohol (1 : 6165), and 2,2,4-trimethylpentanediol- 
1,3 [Beil. 1-492, l2-(558)]) may result from the action of alk. on the isobutyraldehyde. — 
Note also that the principal by-product of the neut. or alk. hydrolysis of C (invariably 
formed to abt. 5%) is 6w- (methallyl) ether, b.p. 134.34°, Dj® = 0.8163, n© « 1.4276; 
note that this cpd. forms with methallyl ale. a const.-boilg. mixt., b.p. 114.06° (almost 
identical with the b.p. of methallyl ale. itself), contg. 81.3 wt. % of (methallyl) ether + 
18.7 wt. % methallyl ale. (10) (for still other azeotropes in this system see (10).)] 

[C with metal alkoxides or even C with alcohols + cone. aq. NaOH readily gives the 
corresp. ethers: e.g., C with NaOEt (9) or ale. KOH (9) or EtOH + 50% aq. NaOH re- 
fluxed for 7 hrs. (10) (26) gives ethyl methallyl ether, b.p. 84.8-86.8°, Dj® = 0.8151, n© * 
1.4067 (10); C (2 moles) with methallyl ale. (3 moles) -\r 50% aq. NaOH (4 moles) refluxed 
2 hrs. gives (91.9% yield (10)) (methallyl) ether (for consts. see preceding paragraph). 
(Note that this last ether cannot be prepd. by conventional bimolecular dehydration with 
acid because under such conditions only isobutyraldehyde results.) — Note that in reaction 
with ale. NaOEt C has about the same reactivity as allyl chloride (3:7036) at 35° but 
slightly less at 50°; C, however, is less reactive at 35° than crotyl chloride (l-chlorobutene-2) 
(3:7205), and the latter less than l-chloro-2-methylbutene-2 (3:7485) (10). — For reactn. 
of C with phenol (1 : 1420) + dry K2CO3 refluxed 24 hrs. in acetone and giving (72% yield 
(4)) corresp. methallyl phenyl ether, b.p. 89° at 10 mm., see (4).] 

[C with aq. or ale. NaSH (10) (27) or C with aq. thiourea refluxed 2 hrs. then made 
alkaline (28) gives (68% yield (28)) methallyl mercaptan, b.p. 93.6° at 760 mm. (28), 
92.4-92.6°, Df * 0.9137, nf? = 1.4872 (10). — C with Na2S.9H20 at 120° under press. 
{10) (27) yields 6ia-(methaUyl) sulfide, b.p. 172.8-173.0°, Dj® = 0.8836, n|? « 1.4862 (10); 
C with Na2S2 at 120° under press. (10) (27) yields 6 m- ( methallyl) disulfide (no consts. 
given (10)) (both the sulfide and disulfide are valuable fly repellents and fumigants (29).) — 
C with NaSCN (30) or NH4SCN (10) gives on refluxing 3-0 hrs. (yields: 94r-95% (30), 
70% (10)) methallyl isothiocyanate, b.p. 169-170° at 760 mm. (30), 89-90° at 60 mm. (30), 
78° at 25 mm. (30), 64° at 10 mm. (30) (forms with aq. a const.-boilg. mixt., b.p. 96.3“97,5° 
(10)), Df = 0.9926 (10), n|)® = 1.5220 (10).] 

[C with NaBr in dry acetone refluxed for 5 hrs. gives (15-20% yield (10)) (27) methallyl 
bromide [Beil. I2-(182)], b.p. 94.2-95.2° at 774 mm., Z>J® = 1.31335, ng « 1.46886 (31). — 
C with Nal in dry ethyl methyl ketone (1 : 5406) refluxed 3 hrs. gives (12% yield (10)) (27) 
methallyl iodide, b.p. 25-30° at 3-5 mm., nf? « 1.4862 (10) (very* unstable and may 
decompose violently even at room temp, on prolonged storage (10)); note that in this 
reactn. C is more reactive than allyl chloride (3:7036) but somewhat less reactive than 
l-chloro-2-methylbutene-2 (3:7485) and considerably less reactive than l-chlorobutene-2 
(crotyl chloride) (3:7205) (10). —rC with CuCN in nitrobenzene at 125-130° for H hr. 
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gives (58% yield on CuCN (10)) (27) methallyl cyanide, b.p. 136.2-136.4°, tif = 0.844, 
= 1.4202 (10); note that use of NaCN gives a prod, of somewhat higher b.p., 138.0- 
139.5° (10), indicating pres, (by rearr.) of some j3,/8-dimethylacrylonitriie, b.p. 140-142°.] 

[C (1 mole) with cone. aq. NH4OH (10 moles) at 90° under press, reacts completely 
within 2 minutes giving (10) (32) mixt. of 56% methallylamine, b.p. 78.8°, <= 0.782, 

ng = 1.431 (10) (B.HC1, m.p. 190-191° cor. (41); S.PkOH, m.p. 202-206° cor. (41)) -f 
26% dj-(methaUyI)amine, b.p. 148-149°, = 0.799, ■= 1.446 (10), 8% tri- 

(methaUyl)amine, b.p. 194-195° (32), 83-85° at 15 mm., if => 0.8256, ng = 1.457 (10), 
together with 5% tetra (methallyl )ammomum chloride; C htd. with primary amines 
behaves in analogous fashion <10) <32).] 

(C with Mg in dry ether under very carefully regulated conditions (using large excess of 
Mg + ether and slow addn. of C) gives as liigh as 90% yield (10) corresp. methallyl MgCl; 
this with acetaldehyde (1:0100) gives (65% yield (10)) the expected secondary ale. 4- 
meth3dpenten-4-ol-2, b.p. 129° (10); similarly C with Mg + acetone (1:5400) in dry ether 
gives (59 mole % yield (10)) 2,4-dimethylpentene-4-ol-2, b.p. 126° (10) accompanied by 
(37 mole % yield (10)) of the coupling prod, di-methallyl (sec next paragraph); note that 
this coupling reaction is very difficult to suppress.] 

[C with Mg in dry ether (10) (33), or with Na in dry ether (34), gives (yields: 90 mole % 
(10), 65% (33)) di-methallyl (2,5-dimethylhexadiene-l,5) [Beil. 1-259, Ii-(122), l2-(237)], 
b.p. 114.3° at 760 mm. (10) (33), Df = 0.7487 (10), 0.7423 (33), nf? = 1.4293 (33). — 
Coupling of C with other reactive alkenyl chlorides can also be effected: e.g., C with allyl 
chloride (3:7035) -|- Mg in dry ether gives (33) 47% yield 2-methylhcxadiene-l,5 [Beil. 
1-257, Ii-(120)], b.p. 88.1° at 760 mm., /)|? = 0.7198, nf? = 1.4184 (33), + 30% di-methallyl 
(see above) -f 12% hexadiene-1,5 (biallyl) (1:8045). — For analogous mixed couplings 
with 2-chloropentene-3 (piperylene hydrochloride) (3:7400) and with 4-chloro-2-methyl 
butene-2 (isoprene hydrochloride) (3:7465) see (36).] 

[C with NaNH2 in liq. NHa gives (27% yield (35)) 2,5-dimethylhexatriene-l,3,5, b.p. 
145° at 747 mm., 90.2° at 200 mm., m.p. —9°, nf} = 1.5150 (35); note that an intermediate 
a;-chloro-2,5-dimethylhexadiene, b.p. 33-34° at 5 mm., no = 1.4612, has been detected 
(35).] 

[C reacts normally with other RMgX compounds: e.g., C with MeMgBr in di-isopropyl 
ether (ord. ether boils too close to prod.) gives (10) 2-methylbutene-l (1:8210); C with n- 
BuMgCl gives (83 mole % yield (10)) (33) 2-methylheptene-l, b.p. 119.3° at 760 mm., 
= 0.7206, riD = 1.4123 (33) (contaminated with 2-methylheptene-2 formed by rearr. 
of the former by the inevitable MgCb (33)); C with iso-AmMgCl gives (10) 2,6-dimethyl- 
heptene-1, b.p. 140-143° (10); C with CeHsMgBr gives (10) methallylbenzene (2-methyl-l- 
phenylpropene-l ), b.p. 175-176° (10).] 

[For reactn. of C with diethyl malonate (1 : 3581) and with various diethyl alkylmalonates 
see (37); for prepn. of methallyl substituted barbituric acids (37) (4) or thiobarbituric acids 
(38) see indie, refs.] 

Methallyl acetate [Beil. 1-137, l2-(150)]: b.p. 124° at 760 mm., DiS = 0.9239, 

- 1.4129 (39). [From C + KOAc at 150° in s.t. (5) (9) cf. (10).] {For data on 

the formate, propionate, and n-butyrate see (39).] 

Methallyl benzoate: yel. odorless oil, b.p. 120° at 50 mm. (40). [Prepd. indirectly 

(40).] 

Methallyl ^-nitrobenzoate: unreported. 

Methallyl 3,6-dinitrobenzoate: unreported. 

(0 AT- (Methallyl )phthalimide: white cryst. from MeOH, m.p. 88.5-90° cor. (41). [From 
C -f K phthalimide in s.t. at 150° for 3 hrs. (41).] 
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3:7150 

a-CHLOROETHYL METHYL ETHER H C 3 H 7 OCI 

BeU. I - 606 


(a-Methoxyethyl chloride) 

CH 8 .C.O.CH 3 

ii-oa?) 

l,-(674) 

B.P. 

72-73° 

cor. at 761 mm. (1) 

■= 0.9909 (2) 

= 1.4004 (1) 

70-72° 

at 746 mm. (2) 

0.9909 (1) 

1.3969 (2) 


[For prepn. (yields: 97% (1), 95% (2)) from paraldehyde (1:0170) -f methyl ale. 
(1 : 6120) + dry HCl see (1) (2) (3).] 

C on stdg. polymerizes to dark tarry residue. 

[C with Br 2 at 0® gives (3) a,/5-dibromoethyl methyl ether, b.p. 67-69° at 22 mm. (3).J 
C on shaking with aq. yields acetaldehyde (1:0100), methyl ale. (1:6120), -f HCl. 

8:7160 (l) Henze, Murchison, J. Am. Chem. Soc. 63, 4077-4079 (1931). (2) Wallace, Henze, 
/. Am. Chem, Soc. 64, 2882 (1942). (3) Baker, J, Chem. Soc. 1942, 522. 



8:7151-8:7103 


DIVISION B, SECTION 2 


8:7151 i-CHLOROBBTENB-l CHr- CHr-CH^^GHj CiHja BeiLS.N. 11 

B.P. 75.0“ tit 773 nun. (1) = 0.9811 (1> = 1.48330 <1) 

Colorless liq. with odor similar to allyl chloride but less strong; insol. aq. 

[For prepn. of C from buten-l-ol-4 (allylcarbinol) [Beil. 1-441, Ii-(226), l2-(480)] with 
PCls + pyridine (41% yield) see (I).] [C is not formed (2) (3) during reactn. of butadiene- 
1,3 with HCl.) 

8:7151 (1) Juvala, Ber. 63, 1993 (1930). (2) Kharasch, Kritchevsky, Mayo, J. Org» Chem, 8, 
494 (1938). (3) Ganguly, J. Indian Chem. Soe. 13, 581, 584 (1936). 


3:7153 ACRYLOYL CHLORIDE 
(Propenoyl chloride) 


B.P. 76-76® (1) 

74r-75® (11) 

74r-76® at 760 mm. (13) 
36-33® at 140 mm. (13) 


CH 2 =CH— C==0 CsHaOCl Beil. U - 400 

II*-(388) 

- 1.1136 (13) ng* « 1.4343 (13) 

Dt = 1.14 (1) 


Colorless mobile strongly lachrymatory Hq., fumg. in air. 

(For prepn. of C from sodium acrylate with POCI3 (yields 80% (11), 60% (1), 27% (12), 
22% (9) (2) (3) (4), with SOCI2 (19% yield (9)), or from /9-chloropropionyl chloride (3:6690) 
by loss of HCl (35% yield (12)) when passed over suitable cat. at 280-300® (5) see indie, 
refs.; for prepn. of C from acryhc acid (1:1020) with PCI3 (66% yield) see (13).] 

[For polymerization of C by light (10) in pres, of a small amt. of org. base see (6); for 
polymerization of C in pres, of u.v. light or by dibenzoyl peroxide see (9).] ^ 

(C with MeOH yields (1) methyl /3-chloropropionate (3:5766), b.p. 148®; C with EtOH 
yields (1) ethyl /3-chloropropionate (3:8290), b.p. 162®; C with phenol yieli (1) phenyl /S- 
chloropropionate, b.p. 154-157® at 30 mm. (1); note, however, that C reacting with a large 
excess of ales, or phenols and/or in the pres, of acid binding agents such as CaCOs yields 
(7) esters of acrylic acid.] 

(C with Na acrylate yields (1) acrylic anhydride, b.p. 97® at 36 mm. (1).] 

C with CsHs + AICI3 yields (8) (2) (by Friedel-Crafts reactn. and subsequent ring 
closure) indanone-l (1 : 5144), m.p. 42®. 

C in CHCI3 treated with Br2 in CHCI3 yields (1) 2,3-dibromopropionyl chloride, b.p. 
191-193®, 97-99® at 37 mm. (1), = 2.181 (1), which with warm aq. easily hydrolyzes 

to a,/8-dibromopropionic acid, m.p. 64® (1). 

C on hydrolysis yields (1) acrylic acid (1:1020) q.v. (for the amide, m.p. 84-86® (11), 
anilide, and p-toluidide corresp. to C see 1 : 1020). 

3:7153 (1) Moureu, Ann. chim. (7) 2, 161-174 (1894). (2) Kohler, Am. Chem. J. 42, 380 (1909). 
(3) van der Burg, Rec. trav. chim. 41, 23 (1921). (4) Gilman, Heckert, McCracken, J. Am. 
Chem. 80c. 56, 438 (1928). (5) I. G., Brit. 333,079, Aug. 28, 1930; Cent. 1630, II 2830; U.3. 
2.050,762, Aug. 11, 1936; C.A. 30, 6762 (1936). (6) Fikenscher (to I. G.), Ger. 677,040, May 22, 
1933; Cent. 1933, II 1250; C.A. 27, 3950 (1933). (7) Bauer, Lauth (to R6hm A Haas Co.), 
Ger. 570,955, Feb. 22, 1933; Cent. 1083, 1 2608. (8) Ref. 1, pp. 198-202. (9) Marvel, Levesque, 
J. Am. Chem. Soe. 61, 3244-3240 (1939). (10) Staudinger, Urech, Helv. Chim. Acta 12, 1131 
(1929). 

(11) Jones, Zomlefer, Hawkins, J. Org. Chem. 0, 500-507 (1944). (12) Mowry, J. Am» Chem. 
Soe. 66, 371-372 (1944)." (13) Rehberg, Dixon, Fisher, J, Am. Chem. Soc. 67, 209 (1945). 
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3 : 7165 - 3:7160 


3:7155 S-CHLORO-S-METHYLBUTYNE-l CHs CsHTa BeiL S.N. 13 

(2-Chloro-2*methylbutyne-3) ^ 

k 

B.P. 76° <1) DZ = 0.9061 <1) 

74-76° (2) 

[For prepn: of C from 2-methylbutyn-3-ol-2 (dimethyl-ethynyl-carbinol) on shaking as 
specified (1) (3) with HCl -f CuCl2 + NH4CI; if CU2CI2 is used or if reactn. is protracted 
C is isomerized (cf. (4)) to l-chloro-3-methylbutadiene-l,2 (3:7390) q.v.; for reverse 
conversion of latter to C (and other products) by htg. with CaCOs + aq. see (3).] 

C on htg. with aq. -f CaCOa at 80° gives <2) the precursor 2-methylbutyn-3-ol-2. 

C with NH40H/AgN08 gives (1) a white ppt. [dif. from l-chloro-3-methylbutadiene-l,3 
(3:9200)]. 

3:7155 ( 1 ) Favorskif, Favorskaya, Compt. rend. 390, 839-840 (1935) ; Cent. 1935, II 1340; C.A. 
39, 3651 (1935). <2) Favorskaya, J. Oen. Chem. (U.S.S.R.) 9, 386-395 (1939); C.A. 33, 9281 
(1939). <3) Favorskaya, J. Oen. Chem. (U.S.S.B.) 9. 4237-1242 (1939) ; C.A. 34, 1303 (1940)^ 
(4) Hurd (to Commercial Solvents Corp.), U.S. 2,274,611, Feb. 24, 1942; C.A. 36, 4138 (1942). 


3:7160 1-CHLOROBUTANE 

(n-Butyl chloride; 
n-propylcarbinyl chloride) 

B.P. 

78.6° at 760 mm. 

78.60° at 760 mm. {2) 

78.3- 78.4° at 760 mm. (3) 

78.05° at 760 mm. (4) 
78.4r-78.7°u.c. <5) 

78.4- 78.6° (6) 

78.1° at 760 mm. <7) 
78.0° at 762 mm. (8) 

78° <9) 

77.96° cor. (10) 

77.7-77.9° at 762.7 mm. (11) 

77.6- 77.7° at 743 mm. (3) 

77.6° at 748 mm. (12) 

77.6° at 741.3 mm. (13) 

77.6- 77.9° at 760 mm. (14) 

77.6° (15) (16) 

77.3-77.6° (17) 

77.0° at 769 mm. (8) 
76-77° at 760 mm. (18) 

See also Note 1. 


(1) » 0.88098 (2) 

( 2 ) 

Dj® = 0.8866 (8) 

0.88648 (2) 

0.8869 (8) 

0.8846 (12) 

0.88387 (11) 

(19) 

2>? = 0.89197 (2) 

0.88933 (11) 

(19) 

nf? » 1.4033 (9) (6) 
1.40333 (8) 

1.4031 (18) 

1.40173 (17) 

1.40169 (8) 

1.40148 (16) 

1.40147 (19) 

For further data on b.p. at press, over 


CH3.CH2.CH2.CHa C4H9a 


(iji 


BeU. I - 118 

11- ( 38) 

12- ( 80) 


F.P. 

(1) ~133.1‘ 


Note 1: 

range 565-760 mm. see (15). 

Note 2: C is very spar. sol. aq.; e.g., 0.066 wt. % 
at 12° (20). 

Binary systems of C with other org. cpds. For f.p./compn. data on mixts. of C with 
^-BuCl (3:7045) see (21); for partial vapor press. (17) or ni> (22) of mixts. of C with n- 
heptane (1:8575) or n-BuBr see indie, refs. 



3:7160 


1~CHL0R0BUTANE 


C forms azeotropes with various other org. cpds. ; e.g., C with MeOH (1 : 6120) forms 
a con8t.-boilg. mixt., b.p. 57.0° at 760 mm., contg. 73 wt % C (4); C with EtOH (1:6130) 
forms a const.-boilg. mixt., b.p. 65.7° at 760 mm., contg. 79.7 wt. % C (4); C with ri^PrOH 
(1 :6150) forms a const.-boilg. mixt., b.p. 74.8° at 760 mm., contg. about 82 wt. % C <4); 
C with iso-PrOH (1:6135) forms a const.-boilg. mixt., b.p. 70.8° at 760 mm., contg. 77 
wt. % C (4); C with isobutyl ale. (1:6165) forms a const.-boilg. mixt., b.p. 77.65° at 760 
mm., contg. 96 wt. % C (4); C with EtOAc (1:3015) forms a const.-boilg. mixt., b.p. 75.5° 
at 760 mm., contg. 55 wt. % C (23). 

[For prepn. of C from n-butyl ale. (1:6180) with dry HCl gas on protracted htg. (11) 
(13) (24) (25), with cone. aq. HCl -|- ZnCl2 (2 moles) (yields: 76-78% (26) (27) (29), 
66-72% (30), 64-66% (28), 65% (8)) (31), other metal salts (31) (32), or H3PO4 (33); with 
PCI3 -h ZnCl2 (60% yield (30)) (34) or PCls + pyridine (for important study of mechanism 
see (35) (36)); with PCls + ZnCl2 (74% yield (30)) cf. (35) (36); with SOCI2 + pyridine 
(71% yield (8)) (for important study of mechanism see (37) (36)) see indie, refs.] 

[For formn. of C from n-butyl HSO4 with HCl (25); from n-butyl MgBr with p-toluene- 
sulfonyl chloride (8.7% yield (38)); from n-butyl p-toluenesulfonate as by-prod, of its 
reactn. with benzyl MgCl in prepn. of n-amylbenzene (39) cf. (40) (41); from n-butyl 
iodide with HgCl2 in s.t. at 120-130° for 2 hrs. (10); from n-butylamine with HN()2 (5.2% 
C accompanied by 36.5% butenes + 25% butanol-1 -h 13.2% butanol-2 -f 2.8% 2-chloro- 
butane (42)); from n-butane with CI2 at 400-475° (together with other prods. (3)) see 
indie, refs.] 

[For use as denaturant for ale. see (43) (for detn. of C in denatured ale. see (4)); for use 
in removal of water from volatile fatty acids see (45); for study of anthelmintic props, 
see (46).] 

Pyrolysis of C. [C at 450-650° without catalyst loses HCl and yields exclusively butene-1 
(3) (47); however, C passed at 450° over CaCl2 cat. gives mixt. contg. 20% butene-1 + 
80% cia + tram isomers of l)utene-2 (3) (47) (for influence of other cat. cf. (48) (49)).] 
Further halogenation of C. [C with (DI2 under various conditions (50) (51) (52) (53) 
(54) (5) gives a mixt. of 1,1-dichlorobutane (3:7550), l;2-dichlorobutane (3:7680), 1,3- 
dichlorobutane (3:7925), and 1,4-dichlorobutane (3:5835) (together with higher chlorina- 
tion prods.); note that the chlorination is facilitated by peroxides or by light but inhibited 
by O2 (e.g., C with CI2 in absence of air at 0° in dark reacts 7% in 20 hrs. but in pres, of 
2 mole % ascaridole 85% in same time or in light 100% in 1 min.; in pres, of 2% O2 in dark 
no reactn. occurs in 96 hrs. (18). — C (2.5 moles) with 8O2CI2 (1 mole) -f trace dibenzoyl 
peroxide 3 hrs. under reflux in the dark gives (55) mixt. contg. 25% 1,2-dichlorobutane 
(3:7680) -f- 50% 1,3-dichlorobutane (3:7925) -j- 25% 1,4-dichlorobutane (3:5835). — 
C (1 mole) with SbCls (1 mole) gives on warming (56) 2,3-dichlorobutane (3:7615).] 

C with Br 2 m pres, of Fe gives (57) 1,2-dibromobutanc [Beil. 1-120, l2-(83)], b.p. 166°. 
Reactions of the halogen atom of C. Note that in C the chlorine atom is much less 
reactive than that of 56C.-butyl chloride (3:7125) or <er-butyl chloride (3:7045). 

[For study of hydrolysis of C in pres, and abs. of acid see (58).] 

[For study of rate of reactn. of C with Lil, Nal, or KI in acetone see (59) (60).] 

(For study of rate of reactn. of C with Na n-propylate see (61).] 

[C with aniline as directed yields (62) JV- (n-butyl) aniline and/or N^,iV-di- (n-butyl) 
aniline; for analogous study of C with iV-methylaniline (63), iV-ethylaniline (63), o-toluidine 
(64), p-toluidine (64), nn«ym.-m-xylidine (65) see indie, refs.] 

[C with Celie + AICI3 gives (69% yield (66)) scc.-butylbenzene (1 *.7490) (note isomeriza- 
tion of carbon chain) (for comparison of reactivity of C with other n-butyl halides see (67)); 
C with CeHe -h Al/Hg gives both (68) »cc.-butylbenzene (1:7490) and n-butylbenzene 
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(1:7616). — C with toluene + AICI3 gives (46% yield (69) of a mixt. of both Wr and p- 
sec.-butyltoluene8.1 

[C with CeHa in dry liq. HCl at 196® under press, gives (70) 30% yield sec.-butylbenzene 
(1 :7490) 4- 60% di-(8ec.-butyl)benzene; for analogous behavior of C with toluene see (70).) 
[C with CO + AICI3 or similar cat. under press, yields (71) acids and ketones.] 

Reaction of C to form organometallic cpds. [C with metallic Li in dry ether under N2 
gives (yields: 75-80% (72), 77% (73), 70-75% (74)) n-butyllithium (for study of rate of 
formn. of w-BuLi as compared with w^BuBr, CaHaBr, CeHal see (86)); this prod, with 
dry CO2 in ether at 0° gives (45% yield (75)) di-n-butyl ketone (1:6493) or with CO2 in 
CeHa at room temp, also (75) tri-n-butylcarbinol; for study of relative reactivity of n-BuLi 
as compared with n-BuMgBr, CeHsMgBr, etc., see (76); note, however, that full chemistry 
of n-BuLi cannot be discussed here.) 

[C with metallic Na in pet. ether yields (77) n-butylsodium ; on carbonation with CO2 
this prod, gives (77) (78) (79) (80) both n-valeric acid (1:1060) and n>propylmalonic acid; 
for study of reactn. of n-BuNa with CsHe see (77); note, however, that full chemistry of 
n-BuNa cannot be covered here.) 

C with Mg in dry ether gives (yields: 98.5% (81), 91.2% (82) (83), 85% (84)) n-BuMgCl; 
for studies on rate of formn. of n-BuMgCl (as compared with CeHgMgBr, or with other 
w-Bu halides, etc.) (85), on effect of rapid addn. of 0 on yield (83), on effect of concentra- 
tion of C (84) see indie, refs.; for study of equilibrium composition of ether solns. of n- 
BuMgCl see (86) (87); for study of competitive reaction of mixts. of C with n-BuBr and 
with 71 -BuI in formn. of RMgX see (88). — For certain important reactions of n-BuMgCl 
see below but note that full chemistry of this cpd. cannot be included here. 

[C with Mg + trace of I2 but wtihend solvent at 79-82® for 3 hrs. gives (10% yield (89)) 
n-octane (1:8655); C + Mg -f I2 in toluene in similar fashion gives (6% yield (89)) p- 
(n-butyl ) toluene. 1 ^ 

(© n-Valeric acid (1 :1060) q.v. [From C by conversion to w-BuMgCl (see above) and 
carbonation with CO2 (yields: 72-73% (90), 80% (91)) (note that this prod, may be 
accompanied by more or less di-n-butyl ketone (1:5493) and tri-w-butylcarbinol (91)), 
or by conversion of C with KCN to n-valcronitnle and hydrolysis of the latter with 
67% H2SO4 (52) (92).] 

(g n-Valeranilide: m.p. 62-63° u.c. (93), 63° cor. (94). [From C by conversion to n- 
BuMgCl (see above) and reactn. in dry ether with phenyl isocyanate (93) (42) cf. (93).] 
® n-Valero-p-toluidide; m.p. 72-73® u.c. (93). [From C by conversion to n-BuMgCl 
(see above) and reactn, in dry ether with p-tolyl isocyanate (93).] — [Note that this 
derivative does not afford good distinction from n-amyl chloride (3:7460) for which 
the corresp. n-capro-p-toluidide has m.p. 74-75° u.c. (93).] 

(p n-Valero-a-naphthalide: m.p. 109-110® u.c. (93). [From C by conversion to n- 
BuMgCl (see above) and reactn. in dry ether with a-naphthyl isocyanate (93).] — 
[Note that this derivative does not afford good distinction from isoamyl chloride 
(3:7365) for which the corresp. isocaproic a-naphthalide has m.p. 110-111° u.c. (93).J 

n-Butyl mercuric chloride (n-BuHgCl): m.p. 130® cor. (95), 129® (96), 127.5° (98), 

126® (96), 126.5° (97), 125° (99). [Prepd indirectly but should be easily preparable 
from n-BuMgCl •+■ HgCL cf. (98), since it has been similarly prepd. from n-BuMgBr 
(95).] 

(Q iS>-(n-Butyl)isothiourea picrate: m.p. 177° (100). [From C (1 g.) with thiourea 
(1 g.) in ale. (10 ml.) on refluxing for 2 hrs., then adding PkOH (1 g.), htg. until a 
clear soln. results, then cooling (100).] — [Note that this derivative does not dis- 
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tinguish C from i^-propyl chloride (3:7040) for which the corresp. 5-(n-propyl)- 
isothiourea picrate has m.p. 176® (100), nor from isoamyl chloride (3:7365) for which 
the corresp. (isoamyl )isothiourea picrate has m.p. 173® (100).] 

lV-(n-Butyl)phthaliinide (l-(iV-phthalimido)butane): cryst. from dil. AcOH, 

m.p. 34® (101), b.p. 311.8® cor. at 758 mm. (102). [Prepd. indirectly from n-butyl- 
amine (101) (102); direct prepn., e.g., from C -f K phthalimide in pres, of KI never 
reported and m.p. too low to serve as good derivative.] 

® iV-(n-Butyl)>3-nitrophthalimide: pr. from CS 2 , m.p. 71-72° (103). [From C with 
K 3-nitrophthalimide on refluxing for 10 hrs. (103); for photographs of crystals see 
(104).] 

(0 iV-(n-Butyl)tetrachlorophthalimide: pi. from ale., m.p. 153-164® (105). [From C 
with K tetrachlorophthalimide by htg. at 200® for 10 hre. (105).] 

^-(n-Butyl) saccharin: cryst. from dil. ale., m.p. 38® (106). [From C with sodium 
3accharin in aq. butylcarbitol (1 : 6617) contg. KI on refluxing for 30 min. (106).] 

A^-(n-Butyl)-l\r-(p-bromobenzenesu]fonyl)-p-anisidide: cryst. _ from 75% ale., 

m.p. 74.5® u.c. (107). [This prod, has not been reported from C but has been obt. 
from 72<-BuBr with iV-(p-bromobenzenesulfonyl)-p-amsidide in ale. KOH after 1 hr. 
reflux (107).] 

^-(n-Butozy)benzoic acid: m.p. 147-148® (108), changing to a cloudy viscous liq. 

clearing sharply at 160® (108) cf. (109). [From C with ethyl p-hydroxybenzoate 
(1 : 1534) in abs. ale. NaOEt on refluxing 1 hr. (108)]. — [Note, however, that this 
prod, does not distinguish C from 7i-propyl chloride for which the corresp. p-(n- 
propoxy)benzoic acid has m.p. 145.5-147®; the two prods, do, of course, have slightly 
different Neut. Eqs.] 

n-Butyl 2,4,6-truodophenyl ether: m.p. 66° cor. (110). [This prod, has not been 

reported for C itself but has been obtd. from n.-BuBr with 2,4,6-tniodophenol in abs. 
ale. NaOEt on refluxing for 30 min, (110).] 

n-Butyl a-naphthyl ether: b.p. 308.5® cor. (Ill), 310® (112) (corresp. picrate, m.p. 

85.0® cor., Neut. Eq. 429 (111)). 

n-Butyl /S-naphthyl ether: b.p. 309.0® cor. (Ill), 311® (112); m.p. 33.0-33.6® (111) 

(corresp. picrate, m.p. 67.0-67.5® cor. (Ill), 67® (113)). 

3:7160 (1) Timmermans, Bull. soc. chim. Belff. 30, 65 (1921). (2) Timmermans, Hennaut- 
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Perkin, J. Soc. Chem. Ind. 31, 616-624 (1912); Cent. 1912, II 1210-1212; C.A. 6, 2692-2693 (1912). 

(51) Muskat, Northrup, J. Am. Ch^. Soc. 52, 4053-4055 (1930). (52) Muskat (to du Pont 
Co.), U.S. 2,038,593, April 28, 1936; Cent. 1936, II 3358; C.A. 30, 3912 (1936). (53) Hass. 
McBee, Weber, Ind. Eng. Chem. 27, 1190-1195 (1935). (54) Tishchenko, Churbakov, J. Oen, 
Chem. {U.S.S.R.) 7, 893-896 (1937); Cent. 1938, II 2575; C.A. 31, 5755 (1937). (55) Kharasch, 
Brown, J. Am. Chem. Soc. 61, 2145 (1939). (56) Meyer, Milller, J. prakt. Chem. (2) 46, 186 

(1892). (57) Herzfeld, Ber. 1260 (1893). (58) Olivier, Berger, Rec. trav. chim. 41, 640 

(1921). (59) Conant, Hussey, J. Am. Chem. Soc. 47, 476-488 (1925). (60) Conant, Kirner, 

J. Am. Chem. Soc. 46, 248 (1924). 

(61) Malkiel, Mason, J. Org. Chem. 8, 200 (1943). (62) Reilly, Hickinbottom, J. Chem. Soc. 

Ill, 1026-1034 (1917); 113, 99-111 (1918). (63) Reilly, Hickinbottom, J. Chem. Soc. 117, 
130-132 (1920). (64) Reilly, Hickinbottom. J. Chem. Soc. 113, 974-985 (1918). (65) Reilly, 
O’Neill, J. Soc. Chem. Ind. 46, T 226-228 (1927); Cent. 1927, II 918. (66) Boedtker, BuU. soc. 
chim. (4) 45, 648r-649 (1929). (67) Calloway, J. Am. Chem. Soc. 59, 1477-1478 (1937). (68) 
Diuguid, J. Am. Chem. Soc. 63, 3527-3528 (1941). (69) Shoesmith, McGechen, J. Chem. Soc. 

1980, 2234-2235. (70) Simons, Hart, J. Am. Chem. Soc. 66, 1310-1311 (1944). 

(71) I.G., French 671,241, Dec. 10, 1929; Cent. 1930, II 620; Brit. 310,438, May 23, 1929; 
Cent. 1929, II 1214. (72) (lilman, Zoellner, Selby, J. Am. Chem. Soc. 54, 1957-1962 (1932). 
(73) GUman, Zoellner, Selby, J. Am. Chem. Soc. 55, 1252-1257 (1933). (74) Coleman, Herman- 
son, Johnson, J. Am. Chem. Soc. 59, 1897 (1937). (75) Gilman, Van Ess, J. Am. Chem. Soc. 55 

1^60 (1933). (76) GUman, Kirby, J. Am. Chem. Soc. 55, 1265-1270 (1933). (77) Morton, 
Richardson, HalloweU, J. Am. Chem. Soc. 63, 327-328 (1941). (78) Morton, LeFevre, Hechen- 

bleiknor, J. Am. Chem. Soc. 58, 757 (1936). (79) Morton, Hechenbleikner, J. Am. Chem. Soc. 
58, 1699 (1936). (80) Morton, Davidson, Newey, J. Am. Chem. Soc. 64, 2242 (1942). 

(81) Houben, Boedler, Fischer, Ber. 69, 1768, 1776 (1936). (82) Gilman, Zoellner, Dickey, 
J. Am. Chem. Soc. 51, 1580-1581 (1929). (83) Gilman, Zoellner, Dickey, J. Am. Chem. Soc. 51, 
1585 (1929). (84) GUman, Vand^rwal, BvU. soc. chim. (4) 45, 641-644 (1929). (85) GUman, 

ZoeUner, Dickey, Selby, J, Am. Chem. Soc. 57, 1062 (1935). (86) NoUer, Raney, J. Am. Chem. 

Soc. 62. 1749-1751 (1940). (87) Noller, Castro, /. Am. Chem. Soc. 64. 2509-2510 (1942). (88) 
Rudd, Turner, J. Chem. Soc. 1928, 686-691. (89) Schorigin, Issaguljanz, Gussewa, Ber. 66, 
1430 (1933). (90) Gilman, Kirby, Org. Syntheses, CoU. Vol. 1 (2nd ed.), 361-364 (especiaUy 

Note 10) (1941); (1st ed.), 353-356 (espec. Note 10) (1932). 

(91) Ivanov, BuU. soc. chim. (4) 37, 290-293 (1927). (92) Hass, MarshaU, Ind. Eng. Chem. 

23, 353 (1931). (93) Underwood, Gale, J. Am. Chem. Soc. 56, 2118-2119 (1934). (94) Schwarts, 
Johnson, J. Am. Chem. Soc. 53, 1063-1067 (1931). (95) Slotta, Jacobi, J. prakt. Chem. (2) 120, 

276 (1929). (96) Kharasch, Marker, J. Am. Chem. Soc. 48, 3141 (1926). (97) Tiffeneau, Cent. 

1921, HI 26. (98) Marvel, Gauerke, HiU, J. Am. Chem. Soc. 47, 3010 (1925). (99) Marvel, 
Gould, J. Am. Chem. Soc. 44, 156 (1922). (100) Levy, Campbell, /. Chem. Soc. 1939, 1443. 

(101) Vanags, Acta Univ. Latviensis, Kim. FakuUat, Series 4, No. 8, 405-421 (1939); Cent. 1039, 
II 3816; C.A. 34, 1982-1983 (1940). (102) Sachs, Ber. 31, 1228 (1898). (103) Sah, Ma, Ber. 
65, 1630-1633 (1932). (104) Sah, Ma, Sci. RepU. NaU. Tsing Hua Univ. 2, 147-149 et. seq. 
(1933). (105) Allen. NichoUs, J. Am. Chem. Soc. 56, 1409-1410 (1934). (106) Merritt, Levey. 
Cutter, J. Am. Chem. Soc. 61, 15-16 (1939). (107) GUlespie. J. Am. Chem. Soc. 56, 2740-2741 
(1934). (108) Lauer, Sanders, Leekley, Ungnade, J. Am. Chem. Soc. 61, 3050 (1939). (109) 
Bennett, Jones, J. Chem. Soc. 1939, 424. (110) Drew, Sturtevant, J. Am. Chem. Soc. 61, 2666 
(1030). 

(Ill) V. H. Dermer, O. C. Dermer, J. Org. Chem. 3, 290-291 (1938/39). (112) Slotta, Franke, 
Ber. 63, 685 (1930). (113) Wang, J. Chinese Chem. Soc. 1, 61-62 (1933). 



3:7165-3:7170 


DIVISION B, SECTION 2 


1002 


3:7165 /er-BUTYL HYPOCHLORITE (CH8)8C— OCl C4H9OCI Beil. I — 

(Trimethylcarbinyl hypochlorite) Ii— 

l2-(415) 

B.P. 79.6** at 760 mm. <1> D? » 0.0583 <1) 

77-79** <16> 

Pale yellow mobile liquid with characteristic irritating odor. — C violently attacks the 
eyes and mucous membranes. — C is relatively stable and if protected from bright light 
can be kept at ordinary temps, for months with little or no decomposition (1). C should, 
however, be handled with care since it is particularly susceptible to photochemical de- 
composition which may occur with explosive violence (2). 

[For prepn. of C from <er-butyl alcohol (1:6140) + CI2 + alk. in pract. quant, yield 
seed) (2) (3), 60% yield (16); from fer-butyl ale. (1:6140) + HOCl in CCI4 see (15); for 
manufacture of C see (4).J [For use in bleacliing of textiles, fruits, etc., see (5) (6) (7).] 

[For general survey of reactns. of C see (8); for study of reactns. of C with olefins (2) (13) 
(16) (17) (18) or olefins contg. activating groups (9) (10), with group H2C=N.MgX (3), 
or with Schiff*s bases (11) (12) see indie, refs.; for study of C in Friedel-Crafts reactn. see 
(14).] 

C on sufficient htg. or on exposure to bright sunlight yields (1) acetone (1:5400) -f 
methyl chloride (3:7005). — [For data on stability of C in aq. or in CCI4 see (15).] 

C with aq. KI acidified with AcOH yields I2 (use in detn. of C (1)). 

3:7166 (1) Chattaway, Backeberg, J. Chem. Soc. 123, 2999-3003 (1923). (2) Irwin, Hennion, 

J. Am. Chem. Soc. 63, 858-860 (1941). (3) Huusci, Humble, Haus, J. Am. Chem. Soc. 64, 

2476-2480 (1932). (4) Deanesly, (to Shell Development Co.), U.S. 1,938,175, Dec. 5, 1933; 

Ceni. 1634, I 1709; C.A. 28, 1053 (1934). (5) Magill (to du Pont), U.S. 2,155,728; April 25, 

1939; Cent. 1939, II 1808; C.A. 33, 6069 (1939). (6) C^arlisle (to du Pont), U.S 2,152,532, 

March 28, 1939; Cent. 1939, II 276; C.A. 33, 5085 (1939). (7) Imperial C.'hem. Ind., Brit. 523,467, 

July 15, 1940; C.A. 34, 6470 (1941). (8) Clark, Chem. News 143, 265-267 (1931). (9) Emling, 

Vogt, Hennion, J. Am, Chem. Soc. 63, 1624-1625 (1941). (10) Jackson, Pasiut, J. Am. Chem. 

Soc. 49, 2071-2079 (1927). 

( 11 ) Fusco, Musante, Gazz. chirn. ital. 66, 258-264 (1936); Cent. 1936, II 2341; C.A. 31,1777 
(1937). (12) Musante, Fusco, Gazz. chim. ital. 66, 639-648 (1936); Cent. 1937, I 1674; C.A. 31, 

3459 (1937). (13) N. V. de Bataafsche Petroleum Maats(?happij, French 740,350, Jan. 24, 1933; 

Cent. 1933, I 2870; C.A. 27, 2160 (1933). (14) Bergman, Lowy, J. Am. Chem. See. 60, 2596- 

2597 (1938). (15) Taylor, MacMullin, Gammal, J. Am. Chem. Soc. 47, 397-398 (1925). (16) 

Hanby, Rydon, J. Chem. Soc. 1946, 114-115. (17) Harfoid (to A. D Little, Inc.), U.S. 2,207,983, 

July 16, 1940; C.A. 34, 7932 (1940). U.S. 2,107,789, Feb. 8, 1938; Cent. 1938, I 4718; C.A. 32, 
2543 (1938): U.S. 2,054,814, Sept. 22, 1936; Cent. 1937, 1 1015, C.A. 30, 7584 (1936). (18) 

Langedijk (to Shell Development Co.) U.S. 2,100,353, Jan. 25, 1938; C.A. 32, 2543 (1938); not 
in CerU. 


3:7170 PROPIONYL CHLORIDE CH3.CH2.C=0 CsHsOCl 

ii 


B.P. 

SO** (1) (2) (3) 

79-80** (4) 

78.3** at 766 mm. (5) 
78.3** (6) 

77.8-78.3** at 723.7 mm. (7) 
77-78.5** (8) 


F.P. 

- 94 . 0 ® <9) = 1.0508 <10) 

= 1.0469 (1) 

- 1.0646 (7) 

1.0565 (5) 


Beil, n - 243 
ni-(io8) 
ni-(333) 


n?? - 1.4057 (1) 


= 1.4057 <7) 
1.4038 (5> 


(For prepn. of C from propionic acid (1:1025) with PCI, (77% yield (11)), with PCI, 
(yields: 67.6% (12), 61% (13), 46% (14)) (15) (16) (note that excess PCI, may not be 
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used since its b.p., 76°, is too close to that of C for subsequent sepn.), with PCls + ZnCIa 
(01% yield (11)), with SOCI 2 (4) (note that excess SOCI 2 may not be used since its b.p., 
79°, is almost identical with that of C), with benzoyl chloride (3:6240) (yield 84-89% (8)) 
(17), with sodium chlorosulfonate (18), wth benzenesulfonyl chloride + NaCl (18), with 
CI 2 4- S 2 CI 2 in cold (37% yield (19)), with SiCU in xylene at 50° (50% yield (20)), or with 
acetonitrile + HCl gas at 0° (21) see indie, refs.; for prepn. of C from propionic anhydride 
(1:1100) with phosgene (3:5000) + cat. as directed see (22).l 
[C with CI 2 (67) in CCI 4 in sunlight (15) at 0° (23) or in dark at 40° (24) or C with SO 2 CI 2 
in CCI 4 in pres, of dibenzoyl peroxide refluxed 4-6 hrs. in dark (25) gives a mixt. contg. 
mainly /5-chloropropionyl chloride (3:5690) accompanied also by a-chloropropionyl 
chloride (3:5320) yield: 60% /3 isomer + 40% ot isomer (25)); note that in the pres, of I 2 
instead of dibenzoyl peroxide only a-chloropropionyl chloride (3:5320) (45% yield (26)) 
is produced (25).] 

[C with Br 2 (1 mole) at 80° evolves HCl and gives (100% yield (12)) (27) (28) a-bromo- 
propionyl hromtde [Beil. 11-256, II 2 - (230)1, b.p. 153-155° (12); the reaction is accelerated 
by light, but the photobromination is retarded by O 2 (29).] 

[C with Na propionate on htg. (14) (30) or C with Ag propionate on distn. (31) gives 
(80% yield (31)) propionic anhydride (1.1100).] 

[C passed over heated Ni cat. decomposes (32) into ethylene, HCl + CO, accompanied 
by smaller amts, methane, hydrogen, and CO 2 . — C with Na in abs. ether is claimed (33) 
to yield the dipropionatc of hcxen-3-diol-3,4 [Beil. 11-242], b.p. 108-109° at 10 mm. (33).] 
[C with fgr-biityl MgBr in dry ether yields (34) not only the expected coupling product 
ter-butyl methyl ketone (pinacolonc) (1 :5425) but also diethyl ketone (1:5420), propanol-1 
(1:6150), and propionic acid (1:1025) accompanied by the propionates of ,<cr-butyl- 
ethyl-carbinol (2,2-dimethylpentanol-3) [Beil. Ii-(207), l2-(446)] and of diethylcarbinol 
(pentanol-3) (1.6175) (reduction products). — C with CcHsMgBr in ether gives (57% 
yield (35)) diphenyl-cthyl-carbinol [Bed. Vl-687, VJi-(331 )], m.p.95°, but C with C^HtMgBr 
with CdCL in ether gives (76% yield (36)) ethyl phenyl ketone (propiophenone) (1:5525).] 
[C -f 2,5-dimethy]pyrrole A^-magnosyl bromide in dry ether gives (by rearr.) (37) 3- 
propionyl-2,5-dimethylpyrrole, colorless cryst. from AcOH, m.p. 102.5° (37); C with 
benzimidazyl iV’-magnesyl bromide in dry ether yields (38) (39) A^-(propionyl)benzimidazole, 
m.p. 125° (38) (39) (corresp. picrate, m.p. 228° (38) (39)).] 

[C + ethyl acetoacetate + Mg in Celle refluxed 2 hrs., treated with aq. gives (36% yield 
(40)) ethyl a-propionylacetoacetate, b.p. 104-106° at 12 mm. (40) (isolated as Cu enolate, 
m.p. 78-79°, blue ndls. from MeOH/aq.; violet ndls. from pet. ether (40)).] 

[C with FeCls (1 mole) on warming evolves HCl and gives a prod, which with aq. gives 
(34% yield (41)) (42) diethyl ketone (1:5420) -f CO 2 , or with ale. yields (43) ethyl a- 
propionylpropionato [Beil. III-686, IIT2-(436).] 

[C with equal wt. CISO 3 H stood at room temp. 5-10 days, poured into aq. (44), or C 
with tripropylamine in Igr. (45) gives (cf. (42)) in small yield 3,5-dimethyI-2-€thyl-6- 
hydroxypyrone-4 [Beil. XVII-453], cryst. from aq. or AcOH, m.p. 151° (45).] 

[C with o]efin 8 or cyclo-olefins (cyclenes) in pres, of cat. adds to unsatn. yielding chloro- 
ketones; e.g., C with ethylene -}- AICI3 at 0 ° gives (50% yield (46)) (47) /5-chloroethyl ketone 
(l-chloropentanone-3) (3 : 9268) ; C with trimethylethylene (2-methylbutene-2) (1:8220) + 
SnCU gives (57% yield (48)) 2-chloro-2,3-dimethylhexanone-4, b.p. 74-78° at 17 mm., 
D 4 ® - 0.975 (48) (note that this prod, on htg. with dimethylaniline loses HCl giving 
(60% yield (48)) of a mixt. of 2,3-dimethylhexen-2-one-4, b.p. 164-166° at 750 mm., 
Dl^ * 0.872, ni? = 1.4535 (semicarbazone, m.p. 209° (48)) and 2,3-dimethylhexen-l-one-4, 
b.p. 158-162° at 750 mm., Di^ * 0.862, n}? = 1.4450 (semicarbazone, m.p. 108-110° (48)); 
C with cyclohexene (1:8070) ^ SnCU gives a prod, which with dimethylaniline loses HCl 
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to cyclohexen-l-yl ethyl ketone, b.p. 90® at 10 mm., Dj® * = 0.981, n}?'® * 1.5005 (oxime, 
m.p. 79®, semicarbazone, m.p. 195® (49)). — Note, however, that addn. of C to certain 
tsrpes of olefins is followed by spontaneous loss of HCl so that the unsatd. ketone forms the 
dimt product; e.g., C with isobutylene (2-methylpropene-l) + SnCU gives (30% yield 
(48)) 2-methylhexen-2-one-4, b.p. 147-148® at 760 mm., Df * 0.859, n{5 == 1.4496 (48) 
(semicarbazone, m.p. 163° (48)).] 

[C with aromatic hydrocarbons -f- cat. evolves HCl yielding corresp. ketones: e.g., C 
with C«H« -f- AlCls in CS2 gives (84% yield (19)) (60) ethyl phenyl ketone (propiophenone) 
(1:6526); C with toluene (1:7405) + AlCla in CS2 gives (yields: 60% (51), 60% (52)) (53) 
ethyl p-tolyl ketone [Beil. VII-317, VIIi-(170)], b.p. 238-239°; for analogous reactions of 
C with o-xylene (1:7430) (54), 2-methylnaphthalene (1:7605) (55), anthracene (1:7285) 
(66), phenanthrene (127240) (57), or acenaphthene (1:7225) (58) see indie, refs.; for 
analogous reactions of C with heterocyclic systems, e.g., C + 2-nitrofuran -h TiCU (59) or 
C 4- thiophene + P2O6 at 210® for 10-12 hrs. (60), see indie, refs.] 

[C with ales, reacts normally yielding corresp. esters: e.g., C with MeOH yields methyl 
propionate (1:3020), C with EtOH yields ethyl propionate (1:3070), etc.; for use of Mg 
in reaction of C with tertiary ales., e.g., C + fcr-butyl ale. (1 : 6140) -f Mg giving (68% 
yield (61)) ter-hniyl propionate, b.p. 115-116.5® (61), or C -f ^er-amyl ale. (1:6160) -f 
Mg giving (75% yield (61)) <er-amyl propionate, b.p. 153-156® at 710 nun. (61), see indie, 
refs.] 

[C with phenols gives the corresp. phenol esters: e.g., C with phenol gives (62) phenyl 
propionate (1:3696), etc.; note, however, that these phenol esters on htg. with AICI3 in 
appropriate solvents, especially nitrobenzene, undergo the Fries rearr. yielding o- and p- 
propiophenols; this complete sequence is often carried through without isolation of the 
intermediate ester, e.g., for C + phenol -f Aids giving directly o-hydroxypropiophenono 
[Beil, VIII- 102, VIIIi- (547)1 (50% yield) and p-hydroxypropiophenone [Beil. VIII- 102 
(25% yield) see (63); for key refs, on direct rearr. of phenyl propionate to these products 
see (64) (65); scores of analogous cases with other phenols or their ethers cannot be included 
here.] 

[C with certain hydroxy-azo-compounds in dry ether yields addn. cpds. usually (but 
not always) of 1:1 type: e.g., C with p-hydroxy-azobenzene [Beil. XVI-96, XVIi-(233)l, 
m.p. 152®, in dry ether on stdg. at room temp. ppts. 1 : 1 cpd., m.p. 162° (66); for numerous 
analogous cases using homologous hydroxy-azo cpds. see (66).] 

C hydrolyzes with aq. yielding propionic acid (1 : 1025) ; for the amide, anilide, p-toluidide, 
and other derivs. corresp. to C see under propionic acid (1 : 1025). 


8:7178 (1) Eoehl, Wenzke, J, Am. Chem. Soc. 58, 1418 (1937). (2) John, Beetz, J. prakt. Chem* 
(2) 143, 344 (1935). (3) Sestini, Bvll. soc. chim. (2) 11, 470 (1869). (4) Bardan, BvU. soc. chim. 
(4) 48, 1427 (1931). (5) Martin, Partington, J. Chem. Soc. 1936, 162. (6) Kohlrausch, Pon- 
gratz, Z. physik. Chem. B-33, 381 (1933). (7) BrUhl, Ann. 383, 14r-15 (1880). (8) Brown, 
J. Am. Chem. SOc. 68, 1326 (1938). (9) Timmermans, Mataar, BuU. soc. chim. Bdg. 88, 216 
(1921). (10) Walden, Z. physik. Chem. 55, 222 (1906). 

(11) Clark. Bell. Trans. Roy. Soc. Can. (3) 37, III 97-103 (1933). (12) Fourneau, Nicolitch, 
Bull. soc. chim. (4) 43, 1236-1238 (1928). (13) Fierz-David, Kuster, Helv. Chim. Acta 33, 89 
(1939). (14) Linnemann, Ann. 148, 266-257 (1868). (16) Michael, Ber. 34, 4046-4051 (1901). 
(16) Aschan, Ber. 31, 2346 (1898). (17) Chem. Fabrik vorm. Weiler-ter-Meer, Ger. 360,060, 
March 11, 1922; Cent. 1933, IV 156. (18) Henle, Schirm (to M. L. B.), Ger. 397,311, July 1, 
1924; French 668,331, March 22, 1924; Cent. 1934, II 1401-1402. (19) Read, J.Am. Chem. Soc. 
44, 1751 (1922). (20) Montonna, >. Am. Chem. Soc. 48, 2115 (1927). 

(21) Colson, Compt. rend. 131, 1165 (1896). (22) SteUmann, French 786,075, Aug. 1, 1936; 
Cent 1885, II 3301. (23) Kuster, Z. physiol. Chem. 138, 9-10 (1923). (24) Hertel, Becker, 
Z.. physik. Chem. B-37, 310-311 (1934). (25) Kharasch, Brown, J. Am. Chim. Soc. 63, 925-929 
(1940). (26) Wolffenstein, RoUe, Ber. 41, 735 (1908). (27) Aschan, Ber. 45, 1913-1919 (1912). 
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(28) Aschan, Ber. 46, 2162 (1913). (29) Kharasch. Hobbs, J, Org. Chem. 6, 709-712 (1941). 
(30) Anderlini, Gasz. chim. ital. 25, II 132-133 (1895). 

(31) Whitby, J. Chem. Soc. 1626, 1462. (32) Mailhe, Compt. rend. 186, 1112 (1926). (33) 
Anderlini, Oazz. chim. ital. 25, II 48, 129 (1896). (34) Petrov, "^slova, J. Gen. Chem. {U.S.S.R.) 
16, 973-976 (1940); C.A. 35, 2467 (1941). (35) Gilman, FothergUl, Parker, Rec. trav. chim. 48 

760 (1929). (36) Gilman, Nelson, Rec. trav. chim. 55, 528-630 (1936). (37) Oddo, Acuto, 
Gazz. chim. itcd. 65, 1033 (1935); Cent. 1936, I 3832; C.A. 36, 4867 (1936). (38) Oddo, Raffia, 
Gazz. chim. ital. 67, 541 (1937); Cent. 1938, I 1581; C.A. 32. 1697 (1938). (39) Oddo. Ingraffia, 
Gazz. chim. ital. 62, 1096 (1932) ; Cent 1932, I 2943. (40) Spaasow, Ber. 76, 2383-2384 (1937). 

(41) Hamonet, BuU. soc. chim. (2) 50, 356-357 (1888). (42) Wedekind. Ann. 323, 250, 254 
(1902). (43) Hamonet, Bull. soc. chim. (3) 2, 335-338 (1889). (44) Krajcinovic, Ber, 62, 
679-681 0929). (45) Wedekind, Haeuasermann, Ber. 41, 2299-2302 (1908). (46) Kenner, 
Statham, Ber. 69, 17 (1936). (47) Schoeller. ZdUner (to Schering-Kahlbaum A.G.), U.S. 1,737- 
203, Nov. 26, 1929; Cent. 1930, II 1133; Brit. 282,412, Feb. 16, 1928; Cent. 1929, I 143. (48) 
Colonge, Mostafavi, BuU. soc. chim. (5) 6, 335-342 ; 342-354 (1939). (49) Colonge, Derouz, 

Bidl. soc. chim. (5) 7, 459-468 (1941). (50) Pampel, Schmidt, Ber. 19, 2896 (1886). 

(61) Sanchez, Bull. soc. chim. (4) 45, 284 (1929). (52) Willgerodt, Hambrecht, J. prakt. Chem. 
(2) 81, 76 (1910). (63) Klages, Ber. 35, 2252 (1902). (54) von Auwers, Ziegler, Ann. 425, 260 
(1921). (55) Haworth, Bolam, J. Chem. Soc. 1932, 2249. (56) I.G., Brit. 289,585, May 24, 
1928; Cent. 1928, II 1036. (57) Bachmann, Struve. J. Am. Chem. Soc. 58, 1659 (1936). (58) 
Dziewonski, Moszew, Roczniki Chem. 11, 415-425 (1931); Cent. 1931, II 670; C.A. 26, 2975 
(1932). (59) Gilman, Burtner, Calloway, Turck, J. Am. Chem. Soc. 57, 908 (1935). (60) 
Steinkopf, Schubart, Ann. 424, 8-9 (1921). 

(61) Spaasow, Ber. 76, 1928-1929 (1937). (62) Perkin, J. Chem. Soc. 55, 547-548 (1889). 
(63) Torres, Amargos, Anales soc. espafl. fis. quim. 21, 37-47 (1933); Cent. 1933, II 372; C.A. 27, 
1624 (1933). (64) Miller, Hartung, Org. Syntheses, CoU. Vol. 2 (1st ed.), 543-545 (1943); 13, 

90-92 (1933). (65) von Auwers, Pbtz, Noll, Ann. 535, 228-230 (1938). (66) Fischer, Taurinisch, 
Ber. 64, 236-239 (1931). (67) Schmidt, Schloffer (to I.G.) Ger. 738,398, July 15, 1943; C.A. 
38, 3992 (1944). 


3:7175 l-CHLOROBUTYNE-2 CHa— C^C-^^HaCl C 4 H 6 CI Beil. S.N. 12 

(7-Methylpropargyl cMoride) 

B.P. 81-84° (1) 

Pale yel. oil. 

[For prepn. of C (44% yield) from butyn-2-ol-l -f PCU in ether see (1).] 

C in ether /acetone soln. on treatment with K2CO3 + phenol gives (57% yield) 7-methyl- 
propargyl phenyl ether, b.p. 123-126° at 25 mm., njS = 1.3894 (1). 

3:7175 (1) Hurd, Cohen, /, Am. Chem. Soc. 53, 1074-1075 (1931). 


3: 7195 CHLOROMETHYL ETHYL ETHER C3H7OCI BeU. I - 581 



C1CHj.O.C2H, 

Ii-(304) 

l8-(646) 

B.P. 83° at 76S.1 mm. 

(1> 

= 1.0863 (3) 

=> 1.40398 (1) 

8»° 

(2) 

1.0127 (1) 

nl* - 1.0282 (3) (?) 

81-83° 

(3) 

Z)i* = 1.0188 (1» 

80° 

(4) 



79-80° 

(5) (6» 




' ' C undergoes some decompn. at b.p. 

[For prepn. from ethyl ale. (1:6130) -h trioxymethylene (1:0080) + dry HCl see (3) 
(1); from ethyl ale. H- formalin + HCl (42-44% yield (6)) see (6).] 

- 6 on shaking with aq. readily hydrolyzes yielding formaldehyde (1:0145), ethyl ale. 
(1:6130), + HCl. 
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3;7m (1) Karvonen, Ann, Acad. Sd, Fennicae, 8-A, No. 7, 1-103 (1912); Cent. 1912, II 1269; 
C.A. 14. 2175 (1920). (2) Litterscheid. Ann. 330, 123 (1904). (3) Farren, Fife, Clark, Garland, 
J. Am. Chem. Soc. 47, 2421 (1925). (4) Wedekind, Ber. 30, 1385 (1903). (5) de Gaspari, 
Gm. chim. Ual. 27, II 297 (1897). (6) Foran, J. Soc. Chem. Ind. 44, 173-174T (1925). 


3: 7200 l-CHLORO-2,2.DIMETHYLPROPANE CH3 CsHnCl Beil. I - 141 



(Neopentyl chloride; 
fer-butylcarbinyl chloride) 

CHr-<!^-CH!!Cl 

Ii-( 60) 
I* — 



in, 


B.P. 

F.P. 


= 1.4042 (1) 

84.4° 

at 760 mm. (1) -20° (1) (4) 

2^“ = 0.866 (1) 

83.9° 

at 760 mm. (1) 

0.866 (3) 

1.4043 <3) 

83.5° 

at 740 mm. (1) 



83.3-84.6° (2) 



82-83 

.5° at 734 mm. (3) 



24° 

at 80 mm. (4) 




[For prepn. of C (30% yield (3)) from neopentane (tetramethylmethane) (1:8499) by 
chlorination in light at 0° see (4) (3) (1). — C cannot (1) (5) (contrary to earlier claims (6)) 
be prepared from neopentyl ale. (<er-butylcarbinol) (1:5812) even with SOCI 2 + pyridine 

(13),1 

C is stable for long periods of time even at 200® (1). — C is extraordinarily unreactive 
giving none of the ordinary alkyl halide reactns. except the formn. of the corresponding 
Grignard reagent. 

C in dil. ether soln. reacts slowly with Mg giving (1) (90% yield (8)) neopentyl MgCl. 
[For reactn. of R.Mg.Cl with CO 2 see (12).] 

[For reactns. of C with CeHe -f- AICI 3 (2), or with metallic Na (10), or with NaPr (11) 
see indie, refs.) 

C is unchanged after htg. 20 hrs. at 100® with ale. KOH (1) or htg. with CuCN at 90® 
in a 8.t. for 200 hrs. (1) or after treatment with K1 in acetone (1) or after 6 hrs. refluxing 
with 6% Na/Hg (11). 

® fer-ButyUcetanilide 03^-dimethyl-n-butyranilide) : m.p. 131° (1), 130-131° (3), 
129-130° (3). [From R.MgCl by reactn. with phenyl isocyanate (1).] 

® Neopentyl mercuric chloride: m.p. 117-118® (3), 116.5-117° (1). [From RMgCl 
with HgCl 2 (1) (3) in dry ether (90% yield (3)).J [For reactn. of R.MgCI with di-/>- 
tolylmercury giving di-neopentylmercury, b.p. 67-69® at 3 mm., m.p. 31-33°, see (9).] 
[For reactn. of RHgCl with KBr giving 82% yield neopentyl bromide, b.p. 104.8® at 
732 mm., or with I 2 giving 92% yield neopentyl iodide, b.p. 70° at 100 mm., sec (3).] 

3:7209 (l) Whitmore, Fleming, J. Am. Chem. Soc. 55, 4161-4162 (1933). (2) Pines, Schmerling, 
Ipatieff, J. Am. Chem. Soc. 62, 2901-2902 (1939). (3) Whitmore, Wittle, Popkin, J. Am. Chem 
Soc. 61, 1585-1590 (1939). (4) Fleming, Whitmore, J. Am. Chem. Soc. 54, 3460-3461 (1932). 
( 5 ) Whitmore, Rothrock, J. Am. Chem. Soc. 54, 3431-3435 (1932). (6) Tissier, Ann. chim. (6) 
29, 344 (1893). (7) Richard. Ann. chim. (8) 21, 341-342 (1910). (8) Whitmore, Wittle, Harri- 
man, J. Am. Ch^. Soc. 61, 1585-1586 (1939). (9) Whitmore, Rohrmann, J. Am. Chem. Soc. 
61, 1591-1592 (1939). (10) Whitmore, Popkin, Bernstein, Wilkins, J. Am. Chem. Soc. 63, 
124-127 (1941). 

(11) Whitmore, Zook, J. Am. Chem. Soc. 64, 1783-1785 (1942). (12) Bush, J. Am. Chem. Soc. 
61, 965 (1939). (13) Whitmore, Karnatz, J. Am. Chem. Soc, 60, 2534 (1938). 
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3: 7206 l-CHLOROBUTENE-2 CH8.CH=CH.CH2C1 

(Crotonyl chloride, 

«-chloro-/3-butylene; y-methylallyl chloride) 

B.P. 84"* at 760 mm. (1) » 0.9340 <3) 

84-85“ (2) 0.9316 (7) 

83.8“ (3) 

83“ <7) 

80“ (4) 

45.6- 45.7“ at 191 mm. <5) 

43.7- 44.0“ at 177 mm. (5) 

-2“ at 18 mm. (6) 

Because of the close interrelationship of C with the isomeric 3-chlorobutene-l (3 : 7090) 
some confusion exists regarding the nomenclature. The compound here described (1- 
chlorobutcne-2) is by some authors designated as crotyl chloride; this name, however, is 
better reserved for the equilibrium mixture of l-clilorobutene-2 and 3-chlorobutene-l as 
indicated by <7). 

Pure C (in the absence of catalysts) is quite stable (1) and may be kept at room tempera- 
ture as long as a year (5) without significant increase in ♦ However, in the presence of 
FeC^la, HCl, or CuCl2 + HCl, C is in part isomerized to .3-chlorobutene-l and an equilibrium 
mixt. IS formed. The composition of this equilibrium mixt. depends upon the temperature, 
catalyst, and other factors.^ E.g., with FeCL the equilibrium mixt. conts. 50% C; with 
1 mole HCl it conts. 75% C. Although the two compounds can easily be separated by 
careful fractional distillation (5) yet consideration must always be given to the possible 
formation during chom. reaction of the derivatives of the other isomer. The refractive 
index of mixts. of l-chlorobutene-2 and 3-chlorobiitcne-l is a linear function of the com- 
position (1). Although CIS and tram stereoisomers of C are possible, no record of their 
isolation has been published. 

[For the prepn. of a mixt. of C -f 3-chlorobutene-l from butadiene-1,3 H- HCl see (1) 
<7) (8) <9); for prepn. of C from crotonyl alcohol with PCI3 + pyridine see <3) (6), with 
HCl -h CU2CI2 see <1), with cone. HCl see <5).] 

C passed over soda-lime in an iron furnace at 530-550“ yields (11) butadiene-1,3. [Use 
in prepn. of 1,2,3,4-tctrabromobutane (11).] 

[For study of reactivity of C with KI soln. at 20“ or NaOEt soln. at 20“ and 50® see (3); 
for reaction with Mg, Zn, etc., see (12); for use in formn. of cellulose ethers see (13); for 
study of hydrolysis of C under various conditions see (16); for behavior of C with cuprous 
cyanide see (17).] 

Crotonyl 3,6-dinitrobenzoate : cryst. from ale., m.p. 54“ (9). [This cpd. has never 

been reported from C but only (cf., however (15)) from the corresp. bromide via reaction 
with silver 3,5-dinitrobcnzoate in ether (9), it is possible that the material of m.p. 54“ 
represents a mixt. of the two esters corresponding to crotonyl bromide and the isomeric 
3-bromobutene-l since from the former a 3,5-dinitrobenzoate, m.p. 51“, 50-51“ (15), 
and from the latter a 3,5-dinitrobenzoate, m.p. 59“, have been reported (14). 

3:7205 (l) Kharasch, Kritchevsky, Mayo, J. Org, Chem. 3 , 494-496 (1938). (2) Baudrenghien, 
BuU. 8 OC. chim. Belg. 31 , 168 (1922). (3) Tamele, Ott, Marple, Hearne, Ind. Eng. Chem. 33 , 
118-119 (1941). ( 4 ) Ganguly, J. Indian Chem. Soc. 13 , 584 (1936). (5) Roberts, Young, 

Winstein, J. Am. Chem. Soc. 64 , 2163 (1942). (6) Bdhme, Ber. 71 , 2378-2379 (1938). (7) 
Henne, (ihanan, Turk, J. Am. Chem. Soc. 63 , 3474-3476 (1941). (8) Dykstra (to du Pont). 

U.S. 2,123,504, July 12, 1938; Cent. 1088 , II 2840; C.A. 32 , 6666 (1938). (9) Voigt, J. prakt. 

Chem. (2) 161 , 310 (1938). (10) Charon, Ann. chim. (7) 17 , 228-230 (1899). 


C4H7CI 


BeU. I - 205 

11— 

12- (176) 


= 1.43S0 (1) (2> <17) 


1.4361 <6) 
1.4363 (7) 
1.4366 (3) 
1.4369 (6) 
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(11) Jacobson. J. Am. Chem. Soc. 54 , 1546 (1932). (12) Young, Eisner, J. Am. Chem. Soc. 
68 , 2113-2115 (1941). (13) Hahn (to du Pont), U.S. 2,082,797, June [8, 1937; Cent. 1987 , II 
3838; C.A. 81 , 5577 (1937). (14) Newman, Rydon, J. Chem. Soc. 1986 , 262-264. (15) Adamson, 
Kenner, J. Chem. Soc. 19 ^, 287. (16) Young, Andrews, J. Am. Chem. Soc. 66 , 421-^5 (1944). 
(17) Lane, Fentress, Sherwood, J. Am. Chem. Soc. 66 , 545-548 (1944). 


3:7210 l-CHLOROBUTADIENE-1,3 Cl CiHsCl BeU. S.N. 12 

H,C==CH— CH=(!!H 

B.P. 86° (1) Z)ii - 0.9601 (2> n^® - 1.470 <3) 

68° (2) = 1.4733 (2) 

(For prepn. of 6 from either l,2-dichlorobutene>3 (3:5350) or l,4-dichlorobutene-2 
(3:5725) by htg. with 2 pts. powdered KOH to about 90° see (1) (3); from solid 1, 1,2, 3,4- 
pentachlorobutane (3:0750) in 80% yield (2) or from liq. diastereoisomer (3:9068) in 60% 
yield (2) with Zn dust in ale. see (2).] 

C on stdg. (1) (2) polymerizes to a dark resinous mass (4). 

8:7216 (1) Muskat, Northrup, /. Am. Chem. Soc. 52 , 4054-4055 (1930). (2) Prins, Rec. trav. 
chim. 56 , 119-125 (1937). (3) Muskat (to du Pont), U.S. 2,038,593, Apr. 28, 1936; Cent. 1986 , 

II 3359; C.A. 86, 3912 (1936). (4) I. G. Farbenindustrie, French 769,472, Aug. 27, 1934; Cent. 
1935, 1 1946. 


8:7212 CHLOROACETALDEHYDE CHjr- CHO C2H3OCI 

k 


B.P. 85-86® (1) 

85.0-86.5° cor. at 748 mm. (2) 
84.5-85° at 769 mm. (3) 


Beil. I - 610 

11- (327) 

12- (675) 


Colorless liq. with sharp and penetrating odor; vigorously attacks mucous membrane. — 
C with aq. forms (2) a crystn. hemihydratc, C.MH2O; this does not have a sharp m.p. but 
about 43-50° begins to liquefy and on further htg. yields C, whose vapor may be dried by 
passing over anhydr. CUSO4 (2) (3); this hemihydrate is sol. in aq. from which it may be 
recovered by evaporation in a stream of dry CO2; it is also sol. in ale. or ether, sepg. un- 
changed on evapn. of solvent (2) (for prepn. (60% yield) from glycerol a-monochlorohydrin 
(3 : 9038) by oxidn. with HIO4 see (40)). — C also forms (4) with EtOH a liq. chloroacetalde- 
hyde ethylalcoholate (chloroacetaldehyde ethyl-hemi-acetal), but in excess ale. on pro- 
tracted stdg. at room temp. (4) this is converted to chloroacetaldehyde diethylacetal 
(3:8228), or on treatment with dry HCl yields (4) a,/3-dichloroethyl ethyl ether (3:5640). 

[For prepn. of C from its crystn. trimer (3:2300) by distn. at ord. press, see (2) (5) (6); 
from chloroacetaldehyde diethylacetal (3:8228) by htg. at 150° in CO2 with anhydr. oxalic 
acid (2), AcOH (2), or dil. H2SO4 (2) (7) see indie, refs.; from chloroacetaldehyde ethyl- 
tdcoholate (see above) by htg. with anhydr. oxalic acid at 150° (90% yield) see (8) (note 
that the actn. of CI2 on paraldehyde (1:0170) gives acc. to conditions either C (9) or 
a,a,/8-trichloro-n-butyraldehyde (butylchloral) (3:5910) (10) (11)).] 

[For prepn. of C from vinyl chloride (3:7010) with CI2 + aq. in the dark at 35° see (12) 
(13) (14) (15); from methylene dichloride (3:^0) with formaldehyde + SO2CI2 at 300° 
with cat. see (16); from ce,/8-dichloroethyl ethyl ether (3:5640) with cone. H2SO4 see (17); 
from a,/8-dichloroethyl acetate on distn. with a little ZnCl2 (acetyl chloride also formed) 
(18) or from a,/9-dicldoroethyl benzoate similarly (benzoyl chloride also being formed) (19) 
or from a,/9-dichloroethyl laurate (lauroyl chloride also being formed) (19) see indie, refs.] 
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[For formn. of C from sodium /3,/3-dichloro-oe-hydroxypropioiiate on boilg. with aq. see 
(20); from /9-chloroethylidene-diurethane on warming with dil. HCl see (21); from acetalde* 
hyde (1 : 0100) with ethyl hypochlorite followed by distn. with anhydr. oxalic acid see (22); 
from chloroacetaldehyde-sulfonic acid [Beil. I2-(818)] by treatment with steam in 60% 
H 2 SO 4 (23) or by htg. with 80% H 2 SO 4 (24) seejndic. refs.] 

C gives positive fuchsin^dehyde test (1). — C reduces NH40H/AgN03 on warming (2). 
C does not oxidize in the air (2) but is oxidized by cone. HNO3 (2) (20) or by AgOH (20) 
or by dil. H2O2 (25) to chloroacetic acid (3:1370). — C on treatment as directed (26) with 
halogen magnesium alcoholate (e.g., EtOMgCl) is reduced to /d-chloroethanol (3:5552). 

C on stdg. in s.t. is rapidly converted to an amorphous polymer (2); C (or its hemihydrate) 
on shaking with H vol. cold cone. H2SO4 yields (1) a cryst. trimer, 2,4,6-<m-(chloromethjl)- 
trioxane-1,3,5 (3:2300), m.p. 87-87.5®, which on distn. at ord. press, depolymerizes to C. 

The hemihydrate of C htd. alone or in pres, of a few drops of cone. H2SO4 condenses 
with itself yielding (27) (28) a,7-dichlorocrotonaldchyde [Beil. 1-731, l2-(789)]. 

[C warmed with EtOH (4) or the ethylalcoholate of C in EtOH treated with dry HCl 
gas (8) yields chloroacetaldehyde diethylacetal (3:8228), b.p. 157®, and in the latter case 
also (4) a,/9-dichloroethyl ethyl ether (3 : 5640}.] 

[C with KCN yields (29) (7) an oily prod, (cyanohydrin?) which by hydrolysis with HCl 
gives /8-chlorolactic acid [Beil. III-286, IIIi-(llO), IIl2-(209)] + AcOH; C -f NaCN+ 
BzCl yields (30) a-benzoxy-^-chlorolactonitrile; note, however, that C boiled with ale. 
KCN yields (31) EtOAc, or with aq. KCN yields (31) AcOH.j 

[For behavior of C with AcCl (2), AC2O (32), see indie, refs. ; C with ethyl diazoacetate 
yields (3) ethyl 7-chloroacetoacetate (3 : 6375) ; C with EtMgBr in ether yields (6) 1-chloro- 
butanol-2 (3:8025); C with nitromethane as directed (33) yields l-chloro-3-nitropropanol-2, 
with nitroethane, l-chloro-3-nitrobutanol-2; C with thioformamide (35) or C + fonnamide 
+ P2S6 (34) yields thiazole [Bed. XXVII-15, XXVIIi-(207)], m.p. 116®.] 

Chloroacetaldozime: lachrymatory oil dec. on distn. at 10 mm. (36). [From C 

with 4 moles NH2OH.HCI (36).] 

© Chloroacetaldehyde semicarbazone : ndls. from ale., m.p. 148® (37), 134-135® dec. 
(38), 134® (40). [From C -f- semicarbazide hydrochloride + NaOAc (37).] 

Chloroacetaldehyde dimethone: unreported. [Note that C with warm ale. soln. 

of “ dimethone ” (“ dimedone ”) (dimethyldihydroresorcinol) not only condenses 
normally but also loses HCl yielding (39) same prod., m.p. 227® u.c., 237.5® cor. (39), 
as obtd. from hydroxyacetaldehyde,] 

3:7212 (1) Jones, Williams, /. Chem. Soc. 1934 , 834. (2) Natterer, MonaUh. 3 , 442-464 (1882). 
(3) Schlotterbeck, Ber. 42 , 2570-2571 (1909). (4) Natterer, Monatah, 6 , 494-499 (1884). (5) 
Spath, Monatah. 36 , 6-7 (1915). (6) Helferich, Speidel, Ber. 54 , 2634-2635 (1921). (7) Frank. 
Ann. 206 , 339-344 (1880). (8) Fritsch, Schumacher, Ann. 279 , 307-308 (1894). (9) Freundler. 

BuU. soc. chim. (4) 1 , 70 (1907). (10) Kramer, Pinner, Ber. 3 , 385 (1870) ; Ann. 158 , 41-42 (1871). 

(11) Pinner, Ann. 179 , 26 (1875). (12) Ernst, Lange (to I.G.), U.S. 1,806,285, May 19, 1931; 
Cent. 1931 , II 1632; C.A. 25 , 3671 (1931); Brit. 299,319, Oct. 22, 1937; Cent. 1930 , I 129; C.A. 23 , 
3235 (1929) ; Ger. 496,062, Oct. 23, 1927; Cent. 1930 , 1 3722; C.A. 24 , 3251 (1930) ; French 662,361, 
Aug. 6, 1929; Cent. 1930 , I 129. (13) Brit. 299,722, Oct. 28, 1927; C.A. 23 , 3479 (1929). (14) 
N. V. de Bataafsche Petroleum Maatschappij,. French 787,529, Sept 24, 1935; Cent. 1936 , II 
2227; C.A. 30 , 1067 (1936). (15) Groll, Hearne (to Shell Development Co.), U.S. 2.060,303, 
Nov. 10. 1936; Cent. 1937 , I 4155; C.A. 31 , 419 (1937). (16) Frohlich, Wiezevich (to Standard 
Oa Development Co.), U.S. 2,042,303, May 26, 1936; Cent. 1936 , II 3193; C.A. 30 , 4871 (1936); 
Ger. 629,897; May 26, 1936; Cent. 1936 , II 2448; C.A. 30 , 6006 (1936). (17) Jacobsen. Ber. 4 , 
216 (1871). (18) Soc. des Usines Chimiques Rhone-Poulenc, Brit. 329,721, June 19, 1930; 
Cent. 1930 , II 1611; C.A. 24 , 5767 (1930). (19) Soc. des Usines Chimiques Rhone-Poulenc, 
Ger. 527,874, June 22, 1931; Cent. 1931 , II 1350. (20) Reisse, Ann. 257 , 334-336 (1890). 

(21) Houben, J. prakt. Chem. (2) 105 , 15 (1923). (22) Goldschmidt, Endres, Dir^h, Ber. 58 , 
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67^577 (1926). (23) Lepouse, BuU. aoc. chim. Belg, 34 , 141-142 (1925). (24) Chem. Fabrik 
WeUer-ter-Meer, Ger. 362,744, Oct. 31, 1922; Cent. 1928 , II 1246. (25) Filachione, ,/. Am. 

Chem. Soc. 61 , 1706 (1939). (26) I.G., Brit. 384,156, Dec 22, 1932; Cent. 1933 , I 1351. (27) 
Natterer, Monateh. 4 , 539-543 (1883). (28) Lespieau, Bull. soc. chim. (4) 43 , 200-201 (1928). 

(29) Glinsky, Ber. 6 , 1256-1257 (1873). (30) MacCorquodalc, Johnson, Rec. trav. chim. 51 , 

486 (1932). 

(31) Chattaway, Irving, J. Chem. Soc. 1929 , 1043. (32) Spath, Monatsh. 36 , 36 (1915). (33) 

I. G. French 804,589, Oct. 27, 1936; Cent. 1937 , I 1791, C.A. 31 , 3505 (1937). (34) Hromatka 
(to E. Merck), Ger. 670,131, Jan. 12, 19.39; Cent 1939 , I 2296; C.A. 33 , 2909 (1939). (35) 

Willstfttter, Wirth, Ber. 42 , 1918 (1909). (36) Meister, Ber. 46 , 3442 (1907). (37) Blaise, BuU. 

aoc. chim. (4) 16 , 671-672 (1914). (38) Kling, Bull. aoc. chim. (4) 6, 415 (1909). (39) VorUnder, 

Z. anal. Chem. 77 , 254-255 (1929). (40) Hatch, Alexander, J. Am. Chem. Soc. 67 , 688 (1945). 


3:7216 ^.M-CHLORO-a-METHYLBUTENE-l 


CgHgCl 


(d,W-Chloro-2-methylbutene-3) 


B.P. 85-87® (1) 
• 91-96® (2) 


Cl CHa 
H(!)=CH— (!j 


I 

ft 


J— CHs 


BeU. 1 - 214 

Ii- 

l2~ 


(For prepn. of C from 4,4rdichloro-2-methylbutane (3:7885) with ale. KOH see (1); 
from 3,4-dichloro-2-methylbutane (3:8075) with ale. NaOH see (2) (note, however, that 
the latter proeess very probably leads to a mixt. of C with other prods.).] 


3:7215 (1) Bruylants, Ber. 8, 413-414 (1875). (2) Koudakow, Ber. 21 Referate, 439 (1888), 


3:7220 2-CHLORO-2-METHYLBUTANE 
(<er-Amyl eldoride; 
dimethyl-ethyl-earbinyl chloride) 


CsHiiCl 

CHa 

CHa.CHa— i-CHa 

ii 


Beil. I - 134 

11- ( 46) 

12- (100) 


B.P. 


F.P. 

= 




86® (1) (2) (11) 

-73.7° (9) 

= 0.8658 

(5) 


86.0-86.1® 

(3) 

-72.7° (4) 


0.8650 

(28) 


85.65® at 760 mm. 

(4) 

M.P. 

p,S.6 




85.4-85.6® at 762 mm. 

(5) 

-73.3® (9) 

= 0.86989 (10) 


84.5° at 769 mm. (28) 




«20 _ 

1.4058 (5) 

83.0-84.5° at 744 mm. 

(6) 



* 


1.40520 (28) 

51® at 238 mm. 

(7) 





1.4055 (7) 

37-38® at 160 mm. 

(8) 




„13 6 . 

- 1.4082 (10) 


C with aq. forms binary const.-boilg. mixt., b.p. 76° (2); C with aq. + /er-amyl ale. 
(1 ; 6160) forms a ternary const.-boilg. mixt. (2). 

[For prepn. of C from fer-amyl ale. (1:6160) with HCl gas .see (11); with cone. HCl 
(yield: 93-08% (12), 65% (13)) see (12) (13); with PCla (41% yield (6)) or PCla + ZnCla 
(98% yield (14)) see (6) (14); with PCU (80% yield (14)) see (1) (14); with SOCI 2 (yield: 
99% (14), 41% (6)) see (14) (6); with acetyl chloride see (6); with oxalyl chloride (3:5060) 
(yield 18% (6)) see (15) (6); with diphosgene (3:5515) see (16); with p-nitrobenzoyl 
chloride see (17).l 

[For prepn. of C from isopropyl-methyl-carbinol (2-methylbutanol-3) (1:6170) by 
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rearr. with cone. HCl + ZnCl 2 (80% yield (7)), or with HCl on long stdg. (97% yield <7)), 
or with pels (76% yield (7)), or with SOCI 2 -h pyridine (73% yield (7)) see (7).] 

[For prepn. of C from trimethylethylene (2-methylbutene-2) (1:8220) by addn. of 
HCl see (18) (19) (20); from isopropylethylene (3-methylbutene-l ) (1:82(X>) see (6).J 
[For formn. of C from 2-methylbutane (isopentane) (1:8500) by shaking 2 min. with 
diisobutylene hydrochloride (3:8113) + AICI 3 see (29).] 

C very rapidly loses HCl by boilg. aq., e.g., 88.6% in 15 min., 94.9% in 30 min., 96.4% 
m 60 min. (7). Note that hydrolysis with hoi aq. or aq. Na^COa gives exclusively olefins 
(20) (6) but that with cold aq. or cold aq. NaOH some <<'r-amyl ale. (1 : 6160) is also formed 
(20), although the latter may result from hydration of the olefin. [For further studies of 
hydrolysis of C see (2) (6) (20) (21) (22).] 

C on passing over BaCl 2 + soda-lime at 350-400°C gives (85% yield (5)) a mixture of 
trimethylethylene (2-methylbutenc-2) (1:8220) -f t/ns 2 /w.-ethyl-methyl-ethylene (2- 
methylbutene-1 ) (1 : 8210). 

C with Mg in dry ether gives (yield: 73.6% (23), 38% (26)) RMgCl; this with CX )2 
gives (60% yield (13)) dimcthyl-cthyl-acctic acid (1 : 1113) q.v. (see also derivatives below). 
C with Ag 3,5-dinitrobcnzoatc does not (24) yield expected ter-amyl 3,5-dinitrobenzoatc 

(g) Dimethyl-ethyl-acetanilide: m.p. 90-91° u.c. (25), 92° cor. (26), 91.4° (27). [From 
RMgCl + phenyl isocyanate (25) (26).] [Note that this same product results by 
rearr., however, from similar treatment of the RMgCl cpds. from 3-chlor-2-methyl- 
butane (3:7275) q.v.] 

(g) Dimethyl-ethyl-acet-^-toluidide: m.p. 83.0-83.5° u.c. (25), 83.3° (27). [From 
RMgCl + p-tolyl isocyanate (26).] 

(g Dimethyl-ethyl-acet-a-naphthalide: m.p. 137-138° u.c. (25). [From RMgCl + 
a-naphthyl isocyanate (25).] 

3:7220 (l) Wyschnegradsky, Ann. 190, 336 (1877). (2) Ayres, Ind. Eng. Chem. 21, 899-904 
(1929). (3) Brearley, Kistiakowsky, Stauffer, J. Am. Chem. Soc. 68, 4A-AQ (1936). (4) Tim- 
mermans, BvM soc chim. Bvlg. 30, 66 (1921). (5) Lt*endcrt8e, Tulleners, Waterman, Rec. trav. 

chim. 62, 521-524 (1933). (6) French, Schaefer, J. Am. Chem. Soc 67, 1576-1578 (1936). (7) 

Whitmore, Johnston, J. Am. Chem. Soc. 60, 2265-2266 (1938). (8) Simons, Fleming, Whitmore, 

Bissinger, J. Am. Chem. Soc. 60, 2267-2269 (1938) (9) Turkevich, Smyth, J. Am. Chem. Soc. 

64, 737 (1942). (10) Jahn, Moller, Z. physik. Chem 13, 389 (1894). 

( 11 ) Bruchet, Ann. chim. (7) 10, 384 (1897). (12) Norris, Watt, Thomas, J. Am. Chem. Soc. 

38, 1076 (1916). (13) Corson, Thomas, Waugh, J. Am. Chem. Soc. 61, 1950 (1929) (14) 

Clark, Streight, Trans. Roy. Soc. Can. (3) 23, III 77-89 (1929). (15) Adams, Weeks, J. Am. Chem. 

Soc. 38, 2518-2519 (1916). (16) Nokrassow, Melmkow, J. prakt. Chem. (2) 127, 216-217 (1930). 

(17) Meisenheimcr, Ann. 442, 202 (1925). (18) Michael, Zeidler, Ann. 386, 269-270 (1911). 

(19) Aschan, Ber. 61, 1304-1306 (1918). (20) Woodburn, Whitmore, J. Am. Chem. Soc. 66, 
1394-1395 (19.34). 

( 21 ) Hughes, J. Am. Chem. Soc. 67, 708-709 (1935). (22) Hughes, McNulty, J. Chem. Soc. 
1937, 1283-1291. (23) Whitmore, Badertscher, J. Am. Chem. Soc. 66, 1562 (1933). (24) 

Tseng, Chu, Natl. Central Univ. (Nanking), Sci. Rept., Ser. A-1, No. 2, 5-7 (1931); C.A. 26, 2116 
(1932); Cent. 1938, I 669. (25) Underwood. Gale, J. Am. Chem. Soc. 66, 2119 (1934). (26) 

Schwartz, Johnson, J. Am. Chem. Soc. 63, 1065 (1931). (27) Hommelen, Bull. soc. chim. Belg. 

42, 249 (1933). (28) Vogel, J. Chem. Soc. 1943, 638, 640. (29) Bartlett, Condon, Schneider, 
J, Am. Chem. Soc. 66, 1537 (1944). 


3:7225 4-CHLOROBUTADI£N£-l,2 
B.P. 88° (1) 


Cl CiHsQ 

Hsdj— CH=C=CH2 


BeiL S.N. 12 


C represents the initial step in the formn. of 3-chlorobutadiene-l,3 C Chloroprene ”) 
(3:7080) by addn. of aq. HCl (1) (2) to vinylaoetylene; under certain conditions C can 
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be isolated as the major reactn. product, but it readily undergoes isomerization to Chloro- 
prene ” especially in the presence of certain salts, e.g., CuCl (3). When suflScient HCl is 
present the reactn. proceeds further (1) with formn. of 2,4-dichlorobutene-2 (3:5550). 

C shaken with 3 pts. 18% HCl contg. CuCl for 16 hrs. at 20 ® gives <4) (3) ( 2 ) butadiene- 
1,3 Chloroprene (3 :7080), the rest being chloroprene polymer. — C with 3% dry 
FeCla spontaneously evolves heat and yields (4) chloroprene (3:7080). 

C stirred with aq. NaaCOs at 60-90® for 15 hrs. gives ( 10 ) (50% yield (4)) 4-hydroxy- 
butadiene- 1 , 2 , colorless lachrymatory, strongly vesicant liq. with sharp pungent odor, 
misc. aq. and org. solvents, b.p. 126-128® at 756 mm., 68-70® at 53 mm., Dj® « 0.9164, 
np * 1.4759. [This prod, on cat. hydrogenation gives (4) butanol-1 (1:6180) but is 
unaffected by refluxing with ale. NaOEt, 25% aq. H 2 SO 4 , or 2 % aq. HCl; for many other 
reactns. and derivatives see (4) (10).] 

C in 80% ale. or in aeetone with Nal, stood for 3 hrs. then diluted with aq., gives (46% 
yield (4)) 4-iodobutadiene-l,2, b.p. 43-45® at 38 mm., D?? - 1.7129^ nf? = 1.5709 (4), 
which on htg. at 125-130® polymerizes vigorously to iodoprene. — C with ale. NaCN 
yields (5) 4r-cyanobutadiene-l,3 (/9-vinylacrylonitrile), b.p. 135-138® at 760 mm., 65-68® 
at 58 mm., 48-50® at 28 mm., = 0.8644, n|? * 1.4880 (5). — C with liq. NH 3 at -40 
to —50® yields ( 6 ) (7) <m-(butadien-l,2-yl-4)amine (for extension to many other amines 
see (7)). 

ft added dropwise to 3 vols. cone. H 2 SO 4 at —5® to -}-3®, then poured onto ice, yields ( 1 ) 
4-chlorobutanone-2 (3:7640), b.p. 120-122® at 760 mm. (1). 

ft with CI 2 yields ( 8 ) (9) mixt. of 2,3,4-trichlorobutene-l (3:9064) and 1,2,4-trichloro- 
butene-2 (3:9062) which reacts further to produce 1,2,2,3,4-pentachlorobutane (3:9070). 

ft in aq. Na 2 C 03 suspension, oxidized with KMn 04 , yields (1) chloroacetic acid (3: 1370), 
but neither acetic acid nor oxalic acid. — C in CHCI 3 treated with O 3 for 12 hrs. at 0®, 
then with aq., yields (1) formaldehyde (1:0145) and chloroacetaldehyde (3:7212) (the 
latter not detected directly but only after KMn 04 oxidn. (1) to chloroacetic acid (3: 1370)). 

3:7225 (1) Carothers, Berchet. Collins. J. Am. Chem. Soc. 54, 4066-4070 (1932). (2) Klebanskff, 
Tzyurikh. Dolgopol’skil, Bull. acad. set. (U.R.S.S.) 1935, No. 2, 189-226; Cent. 1935, II 3843 
C.A. 39, 1269 (1936) (full English translation in Rubber Chem. Tech. 9, 383-408 (1936). (3) 

Carothers (to du Pont), U.S. 2,104,789, Jan. 11, 1938; Cmt. 1939, I 4108; C.A. 32, 1718 (1938). 
(4) Carothers, Berchet, J. Am. Chem. Soc. 55, 2811-2813 (1933). (5) Coffman, J. Am. Chem. 

Soc. 57, 1981-1984 (1935). (6) I. G. FarbeninduStrie, French 815,312, July 9, 1937; Cent. 1937, 
II 2760; C.A. 32, 968 (1938). (7) Carothers, Berchet (to du Pont), U.S. 2,136,177, Nov. 8, 
1938; Cent. 1939, I 2497; C.A. 33, 1344 (1939). (8) Carothers. Berchet, J. Am. Chem. Soc. 55, 
1628-1631 (1933). (9) Carothers, Berchet (to du Pont), U.S. 1,966,369, July 3, 1934; Cent. 1935, 
I 3724; C.A. 28, 6716 (1934). (10) Carothers, Berchet (to du Pont), U.S. 2,073,363, March 9, 
1937; Cent. 1938, 1 1236; C.A. 31, 3503 (1937). 

3:7230 1,1-DlCHLOROPROPANE 
(Propylidene (di)chloride) 

B.P. 88.3® (1) 

87-88® at 760 mm. (2) 

86.8-87.6® (3) 

86® (4) 

[For prepn. from propionaldehyde (1:0110) with PCU (36-37% yield (1)) together 
with other products see (1) (3) (5); for formn. (19.6%) (together with other products) 
from propane by vapor-phase chlorination at 400® see (6) (7) (8); for formn. from l-chloro- 
prqpene-1 (3 : 7030) by ^dn. of HCl at 0® in presence of FeCU see (2).] 


CH 8 .CH 2 .CHCI 2 CaH 6 a 2 Beil. I - 105 

Il- 
ia — 

- 1.1381 {!) nf? - 1.4888 (1) 
1.4898 (2) 
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C on hydrolysis yields propionaldehyde (1 : 01 10); for study of behavior of C with boilg. 
aq. + trace of NaHCOa or with boilg. aq. + Fe see (6). 

C with ale. KOH yields (5) 1-chloropropene-l (3 : 7030) q.v. 

8:7)S80 (1) Henne, Renoll, Leicester, J. Am. Chem. Soc. 63, 2477 (1041). (2) Kharasch, £ngel> 
mann, Mayo, J. Org. Chem. 3, 296, 301 (1937). <3) Kohlrausch, K6ppl, Monaish. 35, 196 (1935). 
(4) Hass, McBee, Weber, Jnd. Eng. Chem. 38, 338 (1936). (5) Rel^ul, Ann. ehim. (5) 14, 45^ 
460 (1878). <6) McBee, Hass, Chao. Welch. Thomas, Ind. Eng. Chem. 33, 176-177 (1941). 
(7) Hass, McBee, Hinds, Gluesenkamp, Ind. Eng. Chem. 38, 1178-1179 (1936). (8) Hass, 

McBee (to Purdue Research Foundation), U.S. 2,004,073, June 4, 1935; Cent. 1336, I 1500. 

3; 7235 a-CHLORO-ISOBUTYRALDEHYDE CH3 C^iOCl Beil. I - 675 
(2-Chloro-2-methylpropanal-l) Jl /-• — 

CHs — C — CHO T. 

Ai ^ 

B.P. 90' (1) <2) 2)1® = 1.063 (1) (2) 

Colorless liq. with piquant odor suggestive of chloral. 

[For prepn. of C from 2-methylpropanol-l (isobutyl ale.) (1:6165) with CI2 see (1) (2); 
from a,i3-dichloroisobutyl isobutyl ether (see below) by htg. with aq. at 100® see (1) (2); 
from a-chloroisobutyraldehyde diisobutylacetal (see below) with anhydrous oxalic acid 
(1;0535) or with AC2O (1:1015) on htg. see (2); C is not {2) formed by chlorination of 
isobutyraldehyde (1:0120).] 

C reduces Tollena* reagt., Fehling^s soln., or KMnOi (1) (2); C on oxidn. with alk. KMnOi 
yields (2) a-hydroxyisobutyric acid (1:0431), m.p. 79®. 

C adds NaHSOs yielding a compd. from which C is regenerated with difficulty (1) (2). 

C on shaking with cone. H2SO4 vol.) yields (1) (2) the corresp. trimer, viz., para*<K 
chloro-isobutyraldehyde (2,4,6-im-(a-chloroisopropyl)trioxane-l,3,5) (3:3220), m.p. 107® 
{l)j2). 

[C with isobutyl ale. (1 : 6165) treated with HCl gas gives (2) a,/3-dichloroisobutyl isobutyl 
ether, b.p. 192.5® at 760 mm., 83® at 15 mm., Di® = 1.031, nj? = 1-437 (2), also obtd. from 
isobutyl ale. directly with CI2 in the cold <2); note that this prod, with aq. on htg. gives 
C + a-chloroisobutyraldehyde di-isobutylacetal, b.p. 218® at 760 mm., 102® at 15 mm., 
0.9355, niJ = 1.428 (2).] 

[C (or the above a-chloroisobutyraldehyde di-isobutylacetal) with ethyl carbamate 
satd. with HCl gas gives (2) a-chloroisobutyiidene bis-uretliane (CH3)2C(C1).CH(NH.- 
C00C2H5)2, m.p. 122® <2).] ^ 

[For complex behavior of C with MeMgBr see (3).] 

a-Chloro-isobutyraldozime: m.p. 96-97® <4). [Prepd. indirectly from isobutylene 

with amyl nitrite + HCl (4).] 

3:7335 (l) Brochet, BuU. aoc. chim. (3) 7, 641-644 (1892). (2) Brochet, Ann. chim. (7) 10, 
352-362 (1897). (3) Henry, BuU. acad. roy. Belg. 1007. 162-189; Cent. 1907, II 445; Rec. trav. 

chim. 36, 416, 425^29 (1907) ; Compt. rend. 144, 308 (1907). (4) Ipatiev, Ssolonina, J. Ruse. 
Phy8.-Chem. Soc. 33, 496-501 (1901); Cent. 1001, II 1201. 

3:7240 8.CHLOROPENTENE-2 Cl CsHaCl 

CHj.CHr-<!>==CH.CH, 

BJ>. 01-9a* (1) - 0.9196 (2) 

90-92' at 781 nun. <2) 


BeU. I — 

11- 

12- (186) 
- 1.4S3 (1) 
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Two geometrical stereoisomers of C are possible but as yet unrecognized. 

[For prepn. of C (together with 2-chloropentene-2 (3:7285) and other prods.) from 
methyl n-propyl ketone (1:5415) with PCU see (1); for prepn. of C (together with other 
prods.) from diethyl ketone (propione) (1:5420) with PCls (1) followed by treatment with 
ale. KOH <2) see (1) (2).] 

C with NaNH 2 in xylene at 130® gives (3) a little pentync-2 (1 : 8040) and on subsequent 
pouring of the reactn. mixt. into water also pentync-1 (1:8025). 

3:7240 <1) Bourgeul, BvU. soc. chim. (4) 35 , 1634^1636 (1924); Ann. chim. (10) 3 , 368-371 (1925). 
(2) Favorskil, Favorskaya, J. Buss. Phys.-Chem. Soc. 54 . 306 (1922); Cent. 1923 , III 1359. (3) 
Bourgeul, Ann. chim. (10) 3 , 221, 341 (1926); Compt. rend. 178 , 1985 (1924). 

3:7260 3-CHLOROPENTENE-l Cl CbHflCl 

(o-EthylaUyl chloride) 

A 

B.P. 93-94® at 769.3 mm. (1) 

92-93® <2) (3) 

60-60.2® at 160 mm. (5) JOj® = 0.8978 (1) 

Note: C by virtue of facile allylic transposition is readily converted to an equilibrium 
mixt. with its synionic isomer, l-chloropentene-2 (3:7470) q.v.; reactns. of C may therefore 
frequently yield also the corresponding derivatives of the isomer. 

[For prepn. of C (or its mixt. with l-cliloropentene-2 (3:7470)) from cthyl-vinyl-carbinol 
(penten-l-ol-3) with dry HCl <1) (3) (5) (7), with aq. HCl at 0® (6), with PCI 3 at 45® (4) 
or in cold with pyridine (7) or dimethylaniline (7) (55-59% (7)), with 8 OCI 2 alone (24% 
yield <7^) or in ether (24% yield (7)), or with dimethylaniline (43% yield (7>) see indie, 
refs.] [C is separable from the accompanying isomer by careful fractional distillation 
<5)_<7).] 

C on long shaking with aq. Na 2 C 03 gives (7) in very poor yield penten-l-ol-3 accompanied 
by much penten-3-ol-l and other products. — C with ale. NaOIOt gives (4) the corresp. 
ethyl ether, viz., 3-ethoxypentene-l, b.p. 102®, - 0.7768, wd = 1.3986, accompanied 

by the isomeric l-ethoxypentene-2, b.p. 123®, = 0.7930, nf? = 1.4099 (4). 

[For extensive study of behavior of C with KOAc + AcOH, with AgOAc, with N-methyl- 
aniline, with diethylamine, etc., see (7); for reactn. of C with phenol in pres, of K2CO3 + 
acetone see (5).] 

N-(Penten-l-yl-3)phthalimide [iV-(a-ethylallyl)phthalimide]: colorless cryst. from 
ale., m.p. 78-79® (7). [From C on htg. with K phthalimide in a s.t. at 190-200® for 
2^ hrs. ; yield is only about half that obtd. from l-chloropentene-3, the corresp. deriv. 
of which always accompanies that from C (7).] 

3:7260 (l) Baudrenghien, BuU. soc. chim. Belg. 32, 338 (1923). (2) Mumm, Richter, Ber. 73, 
858-860 (1940). (3) Mumm, Hdrnhardt, Diederichsen, Ber. 72, 107 (1939). (4) Prevost, 

Compt. rend. 187 , 1063-1054 (1928). <5) Lauer, Filbert, J. Am. Chem. Soc. 58, 1388 (1936). 
(6) I^evost, BuU. soc. chim. (4) 49 , 26^267 (1931). (7) Meisenheimer, Link, Ann. 479 , 25^ 
277 (1930). 


Beil. I — 

11- 

12- (182) 
nf? = 1.48%4 <4) 
nif,® = 1.4%54 <1) 
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3 : 7265 - 3^7370 


3:7365 

/J-CHLOROETHYL METHYT ETHER C,H,OCl 

BeU. I - 337 


03-Methoxyethyl chloride) 

CH 2 .O.CH 8 

Ii-dTO) 



1 

l2-(3d5) 



^CH2C1 


B.P. 




93-93° 

(1) (2) 

Df = 1.0345 (1) 

* 1.41113 (4) 

91® 

(5) 

1.0460 (4) 

1.411 (1) 

90-91® 

at 736.7 mm. (3) 



90.5® 

at 747 mm. (7) 

Df = 1.0407 (4) (1) 


89.4^89.7° at 763.3 nun. (4) 




Colorless liq. with odor like CHCI 3 ; does not fume in air ( 3 ). — Sol. in aq. at room temp, 
to extent of 8 % by wt. (7). 

[For prepn. from ethylene chlorohydrin (3 :5552) -f (€ 113)2804 (60% yield <2)) see <2); 
for prepn. from ^-methoxyethanol (1:6405) with PCI 3 -h pyridine (65% yield < 6 )), or 
SOCI 2 4- dimethylaniline (7), or diazomethane (5) see ( 6 ) (5) ( 7 ); for prepn. from ethylene + 
iV,i^-dichlorobenzenesulfonamide see ( 1 ).] 

C on shaking with aq. does not hydrolyze (dif, from a-chlorocthers). 

3:72«5 (1) Sklyarov, J. Gen. Chem. (U.S.S.R.) 9, 2121-2125 (1939); C.A. 34, 4055 (1940). (2) 
Jones, Powers, J. Am. Chem. Soc. 46, 2531-2532 (1924). (3) P^leti, de Gaspari, Gazz. chxm. tUU. 

27, II 293 (1897). (4) Karvoneri, Ann. Acad. Sci. Fennicae 3- A, No. 7, 1-103 (1912); Ccni. 1912, 

II 1269; C.A. 14, 2175 (1920). (5) Meerwein, Hinz, Ann 484, 17 (1930). <6) Palomaa, Kenetti, 

Ber. 64, 798 (1931). (7) Bennett, Heuthcoat, J. Chem. Soc. 1929t 270. 


3:7370 ISOBUTYRYL CHLORIDE CH 3 .CH—C =0 C 4 H 7 OCI 


B.P. F.P. 

93° <1) (2) -90° (7) Df 

91.5-93.5° at 748.2 mm. ( 8 ) 

91-93° (3) 

90-93° (30) 

91® at 736 mm. (4) 

90-91® (5) 

85<88® at 680 mm. < 6 ) 


1.0174 ( 8 ) 


Beil, n - 393 
Hi- (138) 
n2-(363) 

= 1.407 89 < 8 ) 
1.4080 (3) 
1.4070 (5) 


[For prepn. of C from isobutyric acid (1:1030) with PCls (81% yield ( 9 )), with PCI 3 
(yield: 94% < 6 ), 75% < 2 )) ( 8 ) <4), with PCI 3 + ZnCla (82% yield <9)), with SOCI 2 (yield: 
90% <30>, 75% (4) (5), 70% <10), 44% <9)), with benzoyl chloride (82-88% yield (13)), 
or with SiCU in xylene (52% yield ( 11 )) see indie, refs.; for prepn. of C from sodium iso- 
butyrate with POCI 3 see ( 1 ) ( 12 ).] 

[6 with isobutyric acid (1:1030) (14) or C with pyridine in ether (15) yields isobutyric 
anhydride (1 : 1110), b.p. 182.5®.] 

[C on passing over Ni at 420® dec. (16) into HCl, CO, CO 2 , H 2 , CH 4 + propylene; 5 + 
NHs over AI 2 O 3 at 490-500® yields (17) isobutyronitrile, b.p. 108®.] 

[0 with EtaN in dry ether or Igr. at room temp, gives (18) 95% yield triethylamine 
hydrochloride + 57% yield dimethylketene dimer, cf. also (19) (20).] 

[C with CI 2 (31) in CCI 4 gives ( 12 ) cf. ( 21 ) 60-70% o-chloro-isobut 3 rryl chloride (3:5385) 
4 - 30-40% /3-chloroisobutyryl chloride (3:9101); 0 with SO 2 CI 2 in pres, of dibenzoyl 
peroxide gives ( 22 ) 20% a-chloroisobutyryl chloride (3 : 5385) -f 80% /3-chloro-isobutyryl 
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chloride (3:9101). — C with Brs htd. in 8 .t. 4 hrs. at 100 ^ gives mainly ( 10 ) ce-bromo- 
isobutyryl hromidef b.p. 163°.] 

[C added to large excess of certain RMgX cpds. is in part reduced and in part undergoes 
ordinary coupling with formn. of ketones;^.g., C with ^r-BuMgCl in ether gives (5) (4) (3) 
63% ter-butyl-isopropyl-carbinol + 20% isobutyl ale. + 18% 2,2,4-trimethylpentanone^; 
C with <cr-AmMgCl gives (3) 44% isobutyl isobutyrate.] 

(For reactn. of C with ethyl sodio-acetoacetate see < 6 ); with ethyl acetoacetate + Mg 
see (23); with ethyl isobutyrate + triphenylmethylsodium giving 55% yield ethyl a, a, 7 , 7 - 
tetramethylacetoacetate see (24).] 

[C with 2 -methylbutene -2 (trimethylethylene) + SnCU gives (25) 2-chloro-2,3,5-tri- 
methylhexanone-4, b.p. 74-79° at 14 mm.; C with cyclohexene + SnCU gives (26) 1-cyclo- 
hexenyl isopropyl ketone, b.p. 96° at 6 mm.] 

(C with AICI3 + CeHj gives (27) isobutyrophenone (isopropyl phenyl ketone) (1:5528); 
C with Aids + toluene gives (28) isopropyl p-tolyl ketone [Beil. VII-331, VIIi-(176)]; 
0 with Aids + mesitylene gives (29) 75% yield isopropyl mesityl ketone.] 

C on hydrolysis yields isobutyric acid (1 : 1030), b.p. 154.7°. — For the amide (30), 
anilide, p-toluidide, and other derivs. corresp. to C see isobutyric acid (1:1030). 

3:7270 (l) Markownikow, ZeU. fUr Chemie 1866 , 501. (2) Recsei, Chem. Ztg. 52 , 22 (1928). 
(3) Whitmore, Whitaker, Miner, J. Am. Chem. Soc. 63 , 647, 660, 663-664 (1941). (4) Whitmore, 

Rec. trav. chim. 57 , 665 (1938). (6) Greenwood, Whitmore, Crooks, J. Am. Chem. Soc. 60 , 2029 
(1938). (6) Ranganathan, J. Indian Chem. Soc. 16 , 66-69 (1939). (7) Timmermans, Mattaar, 

BuU. aoc. chim. Belg. 30 , 216 (1921). (8) Brtihl, Ann. 203 , 20 (1880). (9) Clark, Bell, Trana. 
Roy. Soc. Can. (3) 27 , III 97-103 (1933). (10) Smith, Lewcock, Ber. 45 , 2368^2369 (1912). 

(11) Montonna, /. Am. Chem. Soc. 40 , 2114-2116 (1927). (12) Michael, Ber. 34,4054-4055 
(1901). (13) Brown, J. Am. Chem. Soc. 60 , 1325-1328 (1938). (14) Toennies, Staub, Ber. 17 , 
850-861 (1884). (15) Wedekind, Ber. 34 , 2073 (1901). (16) Mailhe, Compt. rend. 180 , 1112 
(1925). U7) Mailhe, BuU. aoc. chim. (4) 23 , 380 (1918); Ann. chim. (9) 13 , 212 (1920). (18) 
Miller, Johnson, J. Org. Chem. 1 , 138-139 (1937). (19) Wedekind, Weisswange, Ber. 30 , 1631- 
1646 (1906). (20) Wedekind, Miller, Ber. 42 , 1269-1276 (1909). 

(21) Henry, BtUl. acad. roy. Belg. 1006 , 206-226; Cent. 1906 , II 227. (22) Kharasch, Brown, 
J. Am. Chem. Soc. 62 , 925-929 G^O). (23) Spassow, Ber. 70 , 2383-2384 (1933). (24) Hauser, 
Renfrew, Org. Syntheaea 19 , 43-44 (1939). (25) Colonge, Mostafavi, BvU. aoc. chim. (5) 6 , 
349-350 (1939). (26) Colonge, Derouz, BttU. aoc. chim. (5) 7 , 469-468 (1940); C.A. 36 , 2842 

(1942). (27) Evans, J. Chem. Soc. 1936 , 788. (28) Claus, J. prakt. Chem. (2) 46 , 480-481 (1892). 
(29) Maxwell, Adams, J. Am. Chem. Soc. 52 , 2964 (1930). (30) Kent, McElvain, Org. Svntheaea 
25 , 58-60 (1945). 

(31) Schmidt, Schloffer (to I.G.) Ger. 738,398, July 15, 1943; C.A. 38, 3992 (1944). 


3:7275 d,/-3-CHLORO-2-METHYLBUTANE 
(sec.-Isoamyl chloride; 
isopropyl-methyl-carbinyl chloride) 


CsHiiCl 
H CHj 

CH, 

il k 


Beil. 1 • 135 
Ii-( 46) 


BJ>. 92.9-93.0° at 760 mm. (1) - 0.8685 (4) » 1.4081 (4> 

91.8-91.9° at 736 mm. <2) 0.878 (2) 1.4095 <2) 

91° at 763 mm. (3) 

45.4° at 160 mm. (1) 

25-27° at 60 mm. <4) 

Stable at b.p., at 100° for 24 hrs., to aq. at room temp. ( 2 ). — 6 is not present in comml. 
“ mixed amyl chlorides ” ( 1 ). 

(For prepn. of C from 2-methylbutene°^ (1:8200) + HCl in dark at room temp, in s.t. 
for 7 months ( 88 % yield ( 2 )), or + HCl at 100 ° ( 6 ) ( 6 ), or at —80° in presence of AICI 3 (4) 
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3 : 7375 - 3 : 7^85 


see indicated refs.] [Note that C cannot be prepd. from the corresp. ale., 2-methylbutanol«3 
(1:6170) + HCl since only ter-amyl chloride (3:7220) results (11).] 

[For formn. of C from either 2-methylbutene-l (1:8210) or 2-methylbutene-2 (1:8220) 
at —80® in presence of AICI3 see (7); from isoamyl alcohol (1:6200) + HCl over AI2O8 at 
430® see (8); from isoamyl chloride (3:7365) over ThCU or BaCU at 250®, finally over 
pumice at 200®, see (9); from 2-methylbutane (1:8500) + CI2 see (10) (1).] 

[For study of reactn. of C with Na see (12) (13).] 

C with Mg in dry ether yields (1) (2) corresponding R.Mg.Cl whose treatment with 
dry O2 followed by hydrolysis yields (1) (2) 2-methylbutanol-3 (1:6170); [3,5<iinitro- 
benzoate, cryst. from dil. MeOH (1) or dil. EtOH (2), m.p. 76® (1) (2); iV-(a^iaphthyi)- 
carbamate, cryst. from pet. eth., m.p. 111-112® (2) (1).] — This R.Mg.Cl should also react 
according to method of (11) with phenyl isocyanate to yield isopropyl-methyl-acetanilide, 
m.p. 78.4® (14), 75® (15), although the execution of this reactn. is not recorded. 

C with excess N/IO AgNOa is practically completely hydrolyzed in 60 hrs. (2) [dif. 
from isoamyl chloride (3:7365) which reacts only to extent of 3-4%]. 

8:7276 (l) Hass, McBee, ‘'Weber, Ind. Eng, Ckem. 27, 119:^-1195 (1935). (2) Whitmore. John- 
ston. J. Am. Chem. Soc. 66, 5020-5022 (1933). (3) Wyschnegradsky, Ann. 190, 367 (1877). 
(4) Leendertse, Tulleners, Waterman, Rec. trav. chim. 52, 519 (1933). (5) Berthelot, Ann. 127, 

71 (1863). (6) Wurtz, Ann. 129. 368 (1864). (7) Leendertse, Tulleners, Waterman, Ree. 

trav. chim. 53, 717 (1934). (8) Sabatier. Mailhe, Compi. rend. 109. 124 (1919). (9) Sabatier. 

Mailho, Compt. rend. 156, 658 (1913). (lO) Aschan, Cent. 1918. II 939. 

(11) Underwood, Gale, J. Am. Chem. Soc. 66, 2117 (1934). (12) Morton, LeFevre, Hechen- 
bleikner, J. Am. Chem. Soc. 58, 757 (1936). (13) Morton, Hechenbleikner, J. Am. Chem. Soc. 

58. 1699 (1936). (14) Hommelen, B\dl. aoc. chim. Bdg. 42. 249 (1933). (15) Crossley. Perkin. 
J. Chem. Soc. 73, 17 (1898). 


3:7280 2-CHLOROPENTENE-l Cl C6H9CI BeU. I -210 

CHs.CH 8.CH*.(!!=CH, 

BJ». 96-97" (1) 

The structure of this material is inadequately supported; the prod, may very possibly 
be identical with 2-chloropentene-2 (3 : 7285) q.v. 

[For prepn. of C from 2,2-<lichloropentane (3:7756) with ale. KOH see (1).] 

C on further treatment with ale. KOH yields (1) pentyne-1 (1:8025), b.p. 39.7®. 

8:7280 (1) Bruylants, Ber. 8, 411 (1875). 

3:7285 2-CHLOROPENTENE-2 Cl CsHgCl 

CH,.CH,.CH=(!!.CH, 

B.P. 96-97" (1) - 0.903 (2) 

89-89" at 760 mm. (2) 

46" at 130 mm. (2) 

Two geom. stereoisomers of C are possible but as yet unrecognized. 

[For prepn. of C from 2,2-dichloropentane (3:7755) with boilg. 10% ale. KOH see (1); 
from pentanone-2 (1:5415) with PCU see (2).] 

C with cone. H2SO4 followed by aq. yields (1) methyl-n-propyl ketone (pentanone-2 
(1:5415), b.p. 102®. 

[C with NaNH2 in xylene at 130® followed by ice water gives (3) pentyne-1 (1 :8025).] 

C on oxidn. with KMn04 yields (1) propionic add (1 : 1025) + AcOH (1 : 1010). 


Beil. I — 

11- 

12- (185) 
f « 1.421 (2) 
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8:7285 (1) Lemke, Tishchenko, J. Gen. Chem. (U.S.S.R.) 7, 1995-1998 (1937); Cent. 1839, I 
2398; C.A. 32. 482 (1938). (2) Bourgeul, Ann. chim. (10) 8, 369-370 (1926); BuU, soc. chim, (4) 

85, 1633 (1924). (3) Bourgeul, Ann. chim. (10) 3, 220, 370 (1925). 


3: 7290 3-CHLORO-2-METHyLBUTADIENE-l,3 CsHtCI 

(2-Chloro-3-methylbutadiene-l,3; Cl CHs 

“ ^-Chloroisoprene ”) II 

H2C=C — C=CH2 


B.P. 93® at 760 mm. <1) = 0.9593 (1) 

41® at 113 mm. (1) (2) 

37® at 106 mm. (1) 


BeU. S.N. 12 


^ 1.4689 (1) 


[For prepD. of C (40% yield (1)) from 2-methyIbutenc-l-yne-3 by treatment as specified 
<1) with HCl + CU2CI2 + NH4CI see (1) (2) (10); for prepn. (60% yield (3) (4)) from 2,3,3- 
trichloro-2-methylbutane (3:4755) with quinoline (2 moles) at 140-225® see (3) (4).] 

C readily polymerizes; for details sec (1) (2). [For prepn. of plastic polymers from 
C see (5).] 

C htd. in s.t. 16 hrs. at 160® with SO2 in ord. (not dry) ether yields (6) (7) (10) by 1,4- 
addition a compd. designated (6) (7) as l,l-dioxo-3-chloro-4-methylthiacyclopentene-3, 
ndls. from aq. (7) or ale. (6), m.p. 120.0-120.5° (6) (7). [For extensive study of this prod, 
see (7).] [The corresponding selenium analog, in very poor (2%) yield from C -f Se02 in 
CHCI 3 (8), has m.p. 110® dec. (8).] 

C (1 g.) with 1,4-naphthoquinone (1:9040) htd. at 100° for H fir* gives (1) on cooling 
2-chloro-3-methyltetrahydroanthraquinone, white ndls. from acetone, m.p. 165-166° 
u.c. (1); this prod, on suspension in dil. ale. NaOH and oxidn. of the blue soln. with air 
until yel., followed by dilution with aq., gives (1) 2-chloro-3-methylanthraquinone, cryst. 
from AcOH, m.p. 214-215® u.c. (1), 215® u.c. (9). 

3:7290 (1) Carothers, Coffman, J. Am. Chem. Soc. 54, 4074-4076 (1932). (2) Carothers, Coff- 
man (to du Pont), U.S. 1,950,441, March 13, 1934; Ger. 588,708, Nov. 24, 1933; Brit. 395,301, 
Oct. 10, 1933; CerU 1934, II 1038. (3) Tishchenko, J. Gen. Chem. {U.S.S ft.) 6, 1116-1132 (1936); 

Cent. 1937, 1 573; C.A. 31, 1003 (1937). (4) Tishchenko, Russ. 44,249, Sept. 20, 1935; Cent. 1930, 

I 3575; C.A. 32, 2962 (1938). (5) du Pont Co., Bnt. 529,838, Nov. 29, 1940; C.A. 35, 7768 

(1941); French 853,478, Mar. 20, 1940; C.A. 36, 2650 (1942). (6) Backer, Strating, ftec. trav. 

chim. SS, 542-543 (1934). (7) Backer, van der Baan, Rec. trav. chim. 50, 181-185 (1937). (8) 

Backer, Strating, Rec. trav. chim. 53, 1118 (1934). (9) Keimatsu, Hirano, J. Pharm. Soc. Japan 

49, 140-147 (1929); C.A. 23, 3466 (129). (10) Backer, Blass, Rec. trav. chim. 61, 785-801, 924 

(1942); Cent. 1943, I 1567-1569, C.A. 38, 3646-3647>(1944). 


3:7295 ETHYL CHLOROFORMATfi CI.CO.OC2H6 C3H6O2CI 
(“ Ethyl chlorocarbonate 


B.P. F.P. 


96® 

at 760 

mm. (1)1 

-80.6° (1) = 1.187 (10) 

94-95® cor. 


<2)J 

«21.2 

94® 

at 773 

mm. (3) 


93.1® 

at 760 

mm. (4) 

= 1.13610 (4) 

93.0® 

at 760 

mm. (5) 

1.1377 (6) 

92.6-93.0® 

at 768 

mm. (6) 

„20 

92.6-93.6® 


(7) 

« 1.14419 (4) 

91.3-91.36® 

at 729.6 mm. (8) 

1.1418 (9) 

91.6® 


(10) 

See Note 1. 

Note 1. For Dl between —75.5® 

(1.278) and +84.8® (1.022) see (10). 


Beil, m - 10 
nii-( 6) 
m 2 - (10) 


= 1.3949 ( 8 ) 


= 1.39738 (4) 
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C has strong lachrymatory properties. — (For study of toxicity see ( 11 ).] — C is comml. 
chemical in U.S.A. 

[For prepn. of C from carbonyl chloride (phosgene) (3:5000) with abs. EtOH (1:6130) 
(90% yield ( 12 )) in pres, of dimethylaniline, qmnoline, or antipyrine (13) or even Ca(OH )2 
(14) see indie, refs.; for formn. of C from diethyl carbonate (1 ;3150) with PCI 5 (15), from 
diethyl pyrocarbonate 0 (CC)OEt )2 (16) with SOCI 2 (17); from pentachloroethyl chloro- 
formate [Beil. III-13, IIIi-( 6 )l (18) or 5i8-(trichloromethyl) carbonate (triphosgene) 
(3:1915) (19) or feM-(trichloromethyl) oxalate [Beil. III-17] ( 20 ) with EtOH, or from K 
xanthate, ethyl xanthate, or benzyl xanthate with CI 2 + aq. in cold ( 21 ) see indie, refs.] 

Pyrolysis of C. C on htg. at 250® decomposes yielding (4) EtCl (3:7015) + CO 2 (for 
study of this reactn. see (22) (23)); in pres, of certain hydrocarbons or esters (24) or in pres, 
of dimethylaniline (25) temp, of this decomposition is lowered to 150®, in pres, of quinoline 
to 59® (26) (27), in pres, of AICI 3 to room temp. (28) (see also below under C + pyridine 
or quinoline). 

C in pres, of anhydrous ZnCl 2 (29) (30) or even metallic Zn (31) decomposes at room 
temp, yielding (29) (30) EtCl (3:7015) + ethylene + CO 2 4 - HCl. 

Reactions of the — COOC 2 H 6 group of C. C on hydrolysis, e.g., by boilg. with aq. or 
dil. acid (32), yields CO 2 + HCl + ethylene; on alkaline hydrolysis, however, no ethylene 
is formed (32); note that C does not react with cold aq. very rapidly and may even be 
washed with it to remove alcohol. 

[C at its b.p. treated with CI 2 in sunlight undergoes further substitution by halogen 
yielding as final prod. (33) (34) pcntacldoroethyl chloroformate (ref. given above under 
prepn. of C).] 

(C with EtHS 04 at 100 ® under reflux for 6-8 hrs. gives (40% yield (48)) Et 2 S 04 + EtCl 
(3:7015).] 

Reactions of the chlorine atom of C. [C on reduction with 3% Na/Hg -f aq. gives 
(51% yield (35)) salt of formic acid (1:1005).] 

[C in CHCI 3 with Na202 does not react until 1-2 drops of aq. are added; vigorous actn. 
then ensues with formn. of the expected (but very explosive) dicarbethoxy peroxide 
(EtOOC— O— O— COOEt) (36).] 

[C with NaSH (37) or with C 2 H 6 — S — MgBr (38 in ether gives (68% yield (38)) OJS- 
diethyl thiocarbonate [Beil. 1II-133, IIIi-(62), Ill2-(105)], b.p. 158-159® cor.; C (2 moles) 
4- aq. (39) or ale. (40) Na 2 S, C with BrMgSH in ether (41), or C with aq. potassium tri- 
thiocarbonate (39), gives diethyl thiodiformate (dicarbethoxy sulfide) [Beil. 111-133, 
Ill.r(105)], b.p. 180® dec.] 

[C with thallous fluoride 12 hrs. at room temp., then refluxed 2-3 hrs., gives (47% yield 
(42)) ethyl fluoroformate, lachrymatory oil, b.p. 57° (42).] 

[For rate of reactn. of C with KI in acetone at 25® see (43).] 

[C with aq. ale. KCN at —13® (44) or with solid NaCN (contg. 0.2-7.0% moisture) 
at not above 90® (45) gives (yields: 90% (45), 46% (44)) ethyl cyanoformate (Beil. 11-547, 
Ili-(238), Il2-(510)], b.p. 115-116° (46), Df = 1.0034 (47), - 1.3821 (47).] 

C as carbethozylating agent. C is widely employed as a means of introducing the 
— COOEt group into other organic molecules by reactn. of the chlorine atom with the H 
of the alcoholic, phenolic, or enolic OH groups (or their metallic alcoholates, phenolates, 
enolates, etc.); under appropriate conditions C is also employed to introduce the —COOEt 
group into an aromatic nucleus. Examples of these reactns. are cited below. 

_ [C with NaOMe yields (49) ethyl methyl carbonate [Beil. IIM, lIl2-(4)], b.p. 109® 
C with NaOEt yields diethyl carbonate (1 :3150); other alcohols behave similarly (50). — 
C with K phenolate or C with phenol in ether 4- dry K^COs gives (71% yield (51)) ethyl 
phenyl carbonate [Beil. VI-157], b.p. 229®; other mono-, di-, and polybydric phenols behave 



3:7295 


ETHYL CHLOROFORMATE 


1020 


similarly. — C (1 mole) with salicylic acid (1:0780) in pyridine at —15® (62) or in CeHe 
with dimethylaniline (63% yield (62» gives O-carbethoxysalicylic acid [Beil. X-69, Xi- 
(30)1, m.p. 96® (other mono-, di-, and polyhydroxy phenolic acids behave similarly) ; since 
the carbethoxy groups so introduced may subsequently be removed by hydrolysis, this 
process has great value as a means of temporary blocking of phenolic groups (for further 
discussion and many references see <53)).] 

[C also reacts with the sodio derivatives and other metallic enolates: e.g., C (1 mole) 
with ethyl cyanoacetate (2 moles) in abs. ale. + NaOEt (2 moles) gives (54) diethyl 
cyanomalonate [Beil. 11-811, IIi-(321), Il2-(680)], b.p. 138-140® at 14 mm., Df = 1.1128, 
nj) = 1.4295 (55). — C with diethyl malonate (1:3581) -f NaOEt in ale. (56) or C with 
dry diethyl sodio-malonate (57) directly (58) (69) or in CeH« refluxed for 10 hrs. (60) gives 
(yields: 60-80% (69), 60-66% (60)) triethyl methane-tricarboxylate (tricarbethoxymeth- 
ane) [Beil. 11-810, IIi-(320), Il2-(680)], m.p. 29®, b.p. 253®; note that this same prod, is 
also obtained (yields: 88-93% (61), 90% (62), 80% (63)) from C with diethyl malonate 
(1:3581) in abs. ale. with Mg -f trace CCI4. — C with the Na enolate of ethyl isobutyrate 
(1:3095) gives (75% yield (64)) diethyl dimethylmalonate [Beil. 11-648, Hr (276), II2- 
(572)1, b.p. 195-196® at 760 mm. — The reactn. of C with ethyl sodioacetoacetate cannot 
be ^cussed here.] 

[C with excess RMgX compounds presumably gives first the corresp. esters which by 
further normal reactn. with more RMgX are converted to tertiary alcohols: e.g., C with 
EtMgBr (excess) yields (65) triethylcarbinol (1:6218); however, the intermediate ester 
can often readily be obtd.; e.g., C (1 mole) with icr-BuMgCl (1 mole) in dry ether gives 
(56% yield (66)) ethyl trimethylacetate (ethyl pivalate (1:3117), and other cases are 
recorded (66); note, however, that with certain types of RMgX cpd. abnormal reactions 
can occur: e.g., C with benzyl MgCl yields not only the normal tribenzylcarbinol but also 
(67) ethyl o-toluate (1 : 3862). — C also reacts with the =N — MgX grouping replacing 
— MgX by — COOEt (sometimes followed by rearrangement): e.g., C + 3,5-dimethyl- 
pyrrole-Ar-(magnesyl bromide) gives (57-58% yield (68)) 5-carbethoxy-2, 4-dimethyl- 
pyrrole.] 

C also reacts readily with NH3, with primary and secondary amines, with amino acids, 
etc., to replace one of the H's attached to N by the — COOEt group (see also below and 
under ®): e.g., C with excess cone. aq. NH4OH immediately (if delayed, urea is formed) 
evaporated to dryness gives (3) ethyl carbamate (urethane) [Beil. III-22, IIIi-(9), III2- 
(19)], very eas. sol. aq., cryst. from abs. ale., dry ether, CHCI3, or CeHe, m.p. 48®, b.p. 184®. 
— [C (1 mole) in ether with 33% aq. MeNH2 soln. (1 mole) + aq. NaOH below 6® as 
directed (69) gives (88-90% yield (69)) (70) (71) ethyl Y-methylcarbamate [Beil. IV-64, 
IVi-(330), IV2-(667)J, oil, very sol. aq. (69 g. in 100 ml. aq. at 15.5® (72)), b.p.l70®. — 
Countless other, analogous reactns. cannot be cited here.] 

[C with hydroxylamine hydrochloride + cone. aq. Na^COa (73) or with dry K2CO8 in 
ether (74) gives (89.6% yield (74)) N-hydroxyurethano (carbethoxyhydroxamic acid) 
[Bed. III-95, IIl2-(77)], oil, very sol. aq.] 

C with hydrazine hydrate in ale. refluxed H (76) (for starting with hydrazine sulfate 
see (76)) gives (yields: 100% (76), 90% (75)) diethyl sym.-hydrazinedicarboxylate (sym.- 
dicarbethoxyhydrazine) [Beil. III-98, IIIi-(46), IIl2-(79)], cryst. from hot aq., ndls. from 
CHCllsi m.p. 130® (76), 131® (76) (note that the half reaction product, viz., ethyl hydrazine- 
monocarboxylate (i^-aminourethane) (ethyl carbazinate), is also known (77) (78) but is 
an oil. — C (1 mole) with ’urea (2.1 moles) refluxed for 2-3 hrs. gives (62-65% yield (79)) 
ethyl aUophanate (iV-carbethoxyurea) [Beil. III-69, IIIi-(31), IIl2-(66)], m.p. 192®. 

C (1 mole) in ether with phenylhydxazine (2 moles) in ether (80) (81) (82) (76) or in aq. 
pyridine (83) gives (yields: 60-65% (80), ‘60% (76)) ethyl w-phenylcarbazinate (jS-carb- 
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ethojsy-phenylhydrazine) IBeil. XV-286, XVi-(71)], cryst. from' dil. ale. or CsHe/lgr. as 
monohydrate, m.p. 85® (81) (82), anhydrous form, m.p. 82-83® (81), 80-82® (76). — C 
with 2>*nitrophenylhydrazine in pyridine gives (84) /J'Carbethoxy-p-nitrophenylhydrazine, 
cryst. from ale., m.p. 198-199® (84). — C with 2,4-dinitrophenylhydrazine in pyridine 
gives (84) i8-carbethoxy-2,4-dinitrophenylhydrazine, cryst. from aq. ale., m.p, 168-169® 
(64). 

C (1 mole) with pyridine (1 mole) in the cold gives first a colorless addn. prod. (85) 
which rapidly turns red (can be used as test for p3rfidine (85)) and on warming rapidly 
decomposes with evolution of CO2 + EtCl (3:7015); C similarly treated with quinoline 
gives a yellow amorphous solid, considerably more stable than the above p3Tidine cpd., 
but at 100® decomposing similarly but more slowly (85) in the same manner (see also above 
under pyrolysis). 

® Ethyl Af-phenylcarbamate (phenylurethane) ; ndls. from hot aq., tbls. from 90% ale., 
m.p. 51.^52® (86), 51-52® (21). [From C (1 mole) with aniline (2 moles) (86) (21) 
or from C with aniline -H cold aq. Na2C03 (87).] [For study of rate of this reactn. 
see (91).l 

® Ethyl iV-(p-tolyl)carbamate (p-tolylurethane) : pr. from ale., m.p. 52-53° (21), 52® (88). 

[From C (1 mole) with p-toluidine (2 moles) in ether (21) (88).] 

® ^,iV'-his-(Benzyl)urea: ndls. from ale., m.p. 167.5-169® cor. (89). [From C (1 ml.) 
with benzylamine (3 ml.) + trace NH4CI refluxed 1 hr. (89); note that in this reactn. 
(unlike the two preceding cases) the reagent amine not only reacts with the chlorine 
atom of C but also ammonolyzes the carbethoxy group; the prod, is therefore a disub- 
stituted urea rather than the ethyl JV’-benzylcarbamate [Beil. XII-1049], Ifts. from Igr., 
m.p. 48-49® (90), which is formed from C 4- benzylamine cold aq. NaOH (90).] 

JV- (Carbethoxy )phthalimide: imreported. 

iV- (Carbethoxy )-3-nitrophthalimide: unreported. 

iV- (Carbethoxy )-tetrachlorophthaliinide: unreported. (Note that C with K 

tetrachlorophthalimide fails to react under reflux and explodes on htg. in 8.t. (92).] 

5- (Carbethoxy )isothiourea picrate: m.p. 150-151® (93). [Note that C (1 mole) 

with thiourea (1 mole) in cone. aq. soln. on treatment with NaHCOs in slight excess 
evolves CO2 and ppts. <8- (carbethoxy )isothiourea bicarbonate, bulky white ppt., 
insol. aq., m.p. 59-60® dec.; this ppt. on immediale treatment with dil. HCl dissolves 
and from the solution PkOH gives /S-(carbetho^)isothiourea picrate; the same prod, 
may also be obtd. from the original aq. soln. of C + thiourea by direct addn. of PkOH 
(93). — Note, however, that the above bicarbonate on stdg. with aq. changes spon- 
taneously to iV,iV-dicarbethoxythiourea, m.p. 97® dec., -f thiourea. — Note, however, 
that C (1 g.) with thiourea (1 g.) in EtOH (10 ml.) refluxed 30 min., then treated with 
PkOH (1 g.) does not yield the above prods, but instead (94) ^-ethyl-isothiourea picrate, 
m.p. 187® (94).] 

8:7295 (1) Timmermans, BuU, soc, chim. Bdg. 31, 392 (1922). (2) Perkin, J. Chem. 80c. ~65, 
420 (1894). (3) Dumas, Ann, chim. (2) 54, 225-237 (1833); Ann. 10, 277-288 (1834). (4) 
Pavlevski, Ber. 25, 1449-1451 (1892). (5) Forster, Newman, J. Chem. Soc. 97, 2673 (1910). 

(6) Karvonen, Ann. Acad. Sci. Fennicae A-10, No. 4, 19, Cent. 1919, III 808. (7) Mizushima, 
Kubo, BuU. Chem. Soc. Japan 13, 178 (1938). (8) Guye, Mallet, Arch, ad. phya. Nat. Oenh>e (4) 
13, 274-296; Cent. 1902, I 1316. (9) von Auwers, Bet. 60, 2140 (1927). (10) Jaeger, Z. aruyrg. 
aUgem. Chem. 101, 67 (1917). 

(11) Eichholtz, Mertz, Arch, exptl. Path. Pharmakol. 171, 125-126 (1933); Cent. 1988, II 2160; 
C.A. 27, 6814 (1933). (12) Cappelli. Gazz. chim. ital. 50, II 8-12 (1920); C.A. 15, 624 (1921). 

(13) Bayer & Co., Ger. 118,636, 118,537, Feb. 28, 1901; Cent. 1901, I 651; Ger. 117,624, Jan. 29, 
1901; Cent. 1901, 1 428. (14) Hochstetter. Ger. 282,134, Feb. 16, 1916; Cent. 1915, I 464. (16) 
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Bose, Ann, 247 (1880). (16) Boehm, Mehta, Ber. 71, 1797-1802 (1938). (17) Parfent’ev, 
Shamshurin, Trudy Uzbekakogo GosudaraL Univ, Sbomik Robot Khim. 15, 67-74 (1939); C.A. 
85, 4351 (1941). (18) Cloez, Ann. chim. (3) 17, 302 (1846) ; Ann. 60, 260 (1846). (19) Marotta, 
Om. chim. ital. 59, 960 (1929); Cent. 1930, I 2546; C.A. 24, 3993 (1930). (20) Cahours, Ann. 
chim. (3) 10, 346-349 (1847); Ann. 64, 314 (1848). 

(21) Dou^ass, Johnson, J. Am. Chem. Soc. 60, 1488 (1938). (22) Choppin, Frecliani, Kirby, 
J. Am. Chem. Soc. 61. 3176-3180 (1939). (23) Choppin, Kirby, J. Am. Chem. Soc. 62, 1692- 
1694 (1940). (24) Wilm, Wischin, Ann. 147, 150-157 (1868). (25) Rivier, Richard, ffelv. 
Chim. Acta 8, 495 (1925). (26) Carr6, Passedouet, Compt. rend. 200, 1767-1769 (1936). (27) 
Carr6, Bull. aoc. chim. (5) 3, 1069, 1072 (1936). (28) Rennie, J. Chem. Soc. 41, 33 (1882). (29) 
Underwood, Baril, J. Am. Chem. Soc. 53, 2200-2201 (1931). (30) Ulsch, Ann. !W6, 281-286 
(1884). 

(31) Geuther, J. praki. Chem. (2) 6, 161 (Note) (1872). (32) Thiele, Dent, Ann. 302, 256- 
267 (1898). (33) Muller. Ann. 258, 50-66 (1890). (34) Anschutz. Emery, Ann. 273, 61-63 
(1893). (35) Geuther, Ann. 205, 223-226 (1880). (36) Wieland, von Hove, Borner, Ann. 446, 
46-47 (1926). (37) Salomon, J. prakt. Chem. (2) 6, 435-439 (1872). (38) Hepworth, Clapham, 
J. Chem. Soc. 119, 1196 (1921). (39) Holmbeig, J. praki. Chem. (2) 71, 278-279 (1905). (40) 
Meyer, Ber. 2, 298 (1869). 

(41) Mingoia, Gazz. chim. iial. 55, 719 (1925). (42) Ooswami, Sarkar, J. Indian Chem. Soc. 
10, 537-539 (1933). (43) Conant, Kirner, Hussey, J. Am. Chem. Soc. 47, 489 (1925); Conant, 
Kirner. J. Am. Chem. Soc. 46, 249 (1924). (44) Nef, Ann. 287, 308 (1895). (45) Gluud, Nussler, 
Keller (to Gesellschaft fur Kohlentechnik), Ger. 592,539, Feb. 17, 1934; Cent. 1934, II 3437; 
C.A. 28, 3417 (1934). (46) Weddige, J. prakt. Chem. (2) 10, 197-199 (1874). (47) Haller, 
Muller, Ann. chim. (g) 14, 135 (1908). (48) Kraft, Lyutina, J. Gen. Chem. {U.S.S.R.) 1, 190-192 
(1931); Cent. 1931, II 3197; C.A. 26, 2167 (1932). (49) Schreiner, J. prakt. Chem. (2) 22, 354 
(1880). (50) Rose. Ann. 205, 241-246 (1880). 

(51) Claisen, Ber. 27, 3183 (1894). (52) Einhorn, Ber. 44, 435-436 (1911). (53) Meyer, 
** Andyse und Konatitutiouseimittlung organischer Vergindungon,” 6th ed., pp. 418-451, 507 
(1938). (54) Haller, Ann. chim. (6) 16, 428-429 (1889). (55) Mignonac, Rambeck, Compt. 
rend. 188, 1299 (1929). (56) Conriid, Guthzeit, Ann. 214, 31-33 (1882). (57) Adickes, Ber. 59, 
2627-2528 (1926). (58) Michael, J. prakt. Chem. (2) 37, 476 (1888). (59) Philippi, Hanusch, 
von Wacek, Ber. 54, 901 (1921). (60) Adickes, Biunnert, Lucker, J. prakt Chem. (2) 130, 
163-166 (1931). 

(61) Lund, Voigt, Org. Synthe^a, Coll. Vol. 2 (1st ed.), 594-596 (1943); 17, 86-88 (1937). 
(62) Lund, Ber. 67, 938 (1934). (63) Backer, Lolkema, Rec. trav. chim. 57, 1239 (1938). (64) 
Hudson, Hauser, J. Am. Chem. Soc. 63, 3160 (1941). (65) Mazvirowitach, J. Ruas. Phya.-Chem. 
Soc. 42, 1582-1589 (1910) ; Cent. 1911, 1 1500. (66) Whitmore, Badertscher, J. Am. Chem. Soc. 
55, 1563-1564 (1933). (67) Austin, Johnson, J. Am. Chem. Soc. 54, 653-654 (1932). (68) 
Fi^er, Org. Syntheses, Coll. Vol. 2, 198-200 (1943); 17, 48-50 (1937). (69) Hartmann, Brethen, 
Org. Syntheses, CoU, Vol. 2 (1st ed.), 278 (1943); 12, 38-39 (1932). (70) Schreiner, J. prakt. 
Chem. (2) 21, 124-126 (1880). 

(71) von Pechmann, Ber. 28, 855-856 (1895). (72) FUhner, Ber. 57, 514 (1924). (73) Hantzsch, 
Ber. 27, 1255 (1894). (74) Jones, Am. Chem. J. 20, 39-40 (1898). (75) Curtins, Heidenreich, 
J. prakt. Chem. (2) 52, 470-477 (1895). (76) Ingold, Weaver, J. Chem. Soc. 127, 381-382 (1925). 
(77) Stoll6, Benrath, J. prakt. Chem. (2) 70, 276-277 (1904). (78) von Auwers, Daniel, J. prakt. 
Chem. (2) 110, 266-257 (1925). (79) Dains, Werthoim, J. Am. Chem. Soc. 42, 2303-2304 (1920). 
(80) Heller, Ann. 263, 278-279 (1891). 

(81) Widman, Ber. 28, 1927 (1895). (82) Pieroni, Giannini, Gazz. chim. ital. 54, 170 (1924). 
(83) Busch, Heinrichs, Ber. 33, 458 (1900). (84) Longo, Gazz. chim. ital. 63, 467-468 (1933); 
Cent. 1933, II 3416; C.A. 28, 122 (1934). (85) Hopkins, J. Chem. Soc. 117, 278-282 (1920). 
(86) Wilm, Wischin, Ann. 147, 157-163 (1868). (87) Schmidt, Z. physik. Chem. 58, 516 (1907). 
(88) Hofmann, Ber. 3, 656 (1870). (89) Dermer, King, J. Org. Chem. 8, 168-173 (1943). (90) 
Hantzsch, Ber. 31, 180 (1898). 

(91) Vies, Rec. trav. chim. 53, 964r-966 (1934). (92) Allen, Nicholls, J. Am. Chem. Soc. 56, 
1409 (1934). (93) Dixon, Kennedy, J. Chem. Soc. 117, 80-84 (1920). (94) Levy, Campbell, 
/. Chem. Soc. 1939, 1443. 
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3:7300 (I^-3-CHLORO-2-METIIVIBUTEHE-l CsHgCl Bett. I - 311 

(ajS-DimethylaUyl chloride) Cl CHj Ii-( 87) 

CHj— <!>— C=CH2 

BJ>. 03.8“ at 760 mm. (1) = 0.0088 (1> - 1.4304 <1) 

18.0-18.1° at 30 mm. (1) 

Note: C by virtue of facile allylic transpoeition is in equilibrium with its synionic isomer, 
l-chloro-2-methylbutene-2 (3:748.5); reactns. of C may therefore yield also derivatives 
related to its isomer. 

[For prepn. of C (or its mixt. with l-cliloro-2-methylbutene-2) by actn. of CI2 as specified 
(1) on “ tertiary amylene ” (a mixt. consisting mainly of 2-methylbutene-2 (1:8220) with 
some 2-methylbutene-l (1:8210)) see (1). — The relative amt. of C and its isomer is not 
constant but usually is about 60% of C with 40% of l-chloro-2-methylbutene-2, the ratio, 
however, being independent of the proportion of the two olefins in the starting material.] 

[For formn. of C from 2-methylbutene-2 (1 : 8220) with CI2 see (2) ; from 2-methylbutene-l 
(1 : 8210) see (3); from 2,3-dicliloro-2-methylbutane (3 . 7975) + ale. KOH (3) or by thermal 
dehydrohalogenation at 420-450° (4) see indie, refs.) 

C on hydrolysis gives not only the corresponding ale. but also that corresponding to the 
isomeric l-chloro-2-methylbutene-2 (3:7485) together with a little isopropyl methyl ketone. 
For details see the isomer (3:7485). 

C with HCl yields (2) 2,3-dichloro-2-methylbutane (3:7975) 4- l,3-dichloro-2-methyl- 
butane (3:9228). 

C adds Br2 giving (3) l,2-dibromo-3-chloro-2-methylbutane, m,p. 197-198° (3). 

3:7300 ( 1 ) Burgin, Engs. Groll, Hearne, Irul. Eng. Chem 31, 1416-1417 (1939). (2) Tishchenko, 
J. Gen. Chem. (U.S.S.R.) 6, 1116-1132 (1930); Ceni 1937, I 572, C.A. 31, 1003 (1937). (3) 

Gutnei, Tishchenko, J. Gen. Chem. {U S.S.li.) 8, 1062 1067 (ISm) , Cent 1939, II 4221; C A. 33, 
3755 (1939). {4) Buc, Muessig (to Standaid Oil D^*velopn»ent Co.) U.S. 2,332,778, Oct. 26, 

1943: C.A. 38, 1750 (1944). 



Beil. I — 

11— 

12- (187) 


Oil with agreeable odor. — Insol. aq., sol. ether. 

[For prepn. of C from l-chloro-2-methylbutanol-2 (3:8175) by loss of H2O on distn. 
with anhyd. oxalic acid (1:0535) (44% yield <1) together with other prods.), or on treat- 
ment with PCIs (2) or AC2O + trace cone. H2SO4 (2) see indie, refs. ; for formn. of C from 
2-methylbutanediol-l,2 with PCU (2) or froml, 2-epoxy-2-methylbutane (a-ethyl-o-methyl- 
ethylene oxide) with PCI5 (1 mole) in cold (1) <2> or with SOCI2 <2) see indie, refs.] 

[C with PCls adds CI2 yielding <2) a cpd. CsHaCls, b.p. 180-184°.] 

C adds Br2 readily (2). 

[For behavior of 6 with Nal in acetone see (1).] 

8:7893 (1) Chalmers, Trans. Roy. Soc. Can. (3) 33, III 75-78 (1928); Cent. 1939, I 631-632; 
C.A. 33, 2694 (1929). (2) Seyer, Chalmers, Trans. Roy. Soc. Can. (3) 30, III 338-339 (1926); 

Cent. 1937, II 1811; C.A. 31, 2663 (1927). 
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3:7305 a-CHLOROETH7L ETHYL ETHER 

(«-Chlorodiethyl ether; 
a-«thoxyethyl chloride) 


H C4H9OCI 
CHs-i-OAHs 


Cl 


BeU. I > 606 
Ii-(3a7) 


B.P. OT.S*’ cor. at 750 mm. (1) 
03-94° at 735 mm. <2) 


Z)|® - 0.9537 (1) 
0.9655 (3) 


n|? = 1.3950 <1) 
1.4052 (3) 


Colorless liq. which fumes in moist air. 

[For prepn. (94% yield (1); 69% yield <6)) from paraldehyde (1:0170) 4- ethyl ale. 
(1:6130) + dry HCl see (1) (4); for prepn. (78% yield (5)) from acetaldehyde (1 : 0100) 4- 
ethyl ale. (1 : 6130) 4“ dry HCl see (2) (5).] 

C on stdg. polymerizes to dark tarry residue U)* 

[C on bromination yields a,/8-dibromoethyl ethyl ether (6) (7)(5).] 

C on shaking with aq. yields acetaldehyde (1:0100), ethyl ale. (1:6130), 4- HCl; for 
study of rate of hydrolysis see <8). 

3:7305 <1) Henze, Murchison, /. Am. Chem. Soc. 63 , 4077-4079 (1931). (2) Mohler, Sorge, 

Hdv. Chim. Acta 23 , 1209 (1940). (3) Waterman, de Kok. Leendertse. Schoonmaker, Rec. 

trav. chim. 56 , 437-441 (1937). (4) de Kok, Leendertse, Waterman, Chem. Weekhlad, 87 , 679- 

583 (1940); C.A. 36 , 4800 (1942). i(6) Sherrill, Walter, /. Am. Chem. Soc. 58 , 743 (1936). (6) 

Swallen, Boord, J. Am. Chem- Soc. 52 , 654 (1930). (7) Dykstra, Lewis, Boord, J. Am. Chem. 

Soc. 52 , 3400 (1930). (8) Mohler. Hartnagel. Helv. Chim. Acta 26 , 859-863 (1942); C.A. 37 , 

1799 (1943). 


3:7325 d,1.2-CHLOROPENTANE 
(see.- (2) Amyl chloride; 


chloride) 


H CeHiiCl 

Beil. I - 131 

ti!— i— CH, 

Ii-( 43) 
Ia-( 96) 

Cl 



B.P. 

97° 

96.84r-96.88* 

96.6-96.8° 

96.87-96.96* 

96.7° 

95.9-96.6° 

95.5-96.0° 

95° 


at 770 mm. (16) 
at 760 mm. (1) 
at 760 mm. (2) 
at 759 mm. (5) 
at 760 mm. (14) 
(3) 

at 755 mm. (4) 
at 729 mm. (1) 


F.P. 

-139 to -137° (1) = 0.8732 (16) 

0.8695 (1) 

rtj§ = 1.40791 (16) 
1.4069 (1) 
1.4068 (4) 


Note that all samples of C reported prior to 1935 were undoubtedly mixts. of 2-chloro- 
pentane (C) with 3-chloropentane (3:7330). Each of these cpds. is with great ease 
partially converted to the other (see text), and their mixt. cannot be separated by fractional 
distillation (1). 

[For prepn. of C (or its mixt. with 3-chloropentane (3:7330)) from pentanol-2 (1:6186) 
with cone. HCl on long stdg. at room temp. (78% yield (1)) or in s.t. at 110° (3) see (1) 
(2) (3); with cone. HCl 4* ZnCl2 (yield: 70% (6), 49% (16)) see indie, refs.; with PCI3 4- 
ZnC32 (64% yield (6)) or PCls 4" ZnCU (66% yield (6)) see (6); with SOCI2 4* pyridine 
(gives least rearr. (1)) (yield: 28% (1), 67% (6)) see (1) (6); from pentene-2 on shaking 
10 hrs. at room temp, with cone. HC31 see (6) (4).] [Note that both pentanol-2 (1:6185) 
and pentanol-3 (1:6176) with HCl even at room temp, give mixts. of 2-chloropentane (C) 
and 3-chloropentane (3:7330) (1).] [For formn. of C in small amt. during reactn. of 
pentanol-1 (1:6206) with HCl 4- ZnCl2 see (16).] 
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6 is stable (no change in nf?) on htg. in 8.t. at 100® for 48® (1). — However, C on shaking 
at 20-28® for 24 hrs. with HCl + ZnC^ gives a mixt. consisting of 80% C H- 20% 3-chloro- 
pentone (3:7330) (1). 

[For study of rate of hydrolysis by water at 80® and 180® see <7); for rate of reactn. with 
KI in acetone at 60® see (8); for reactn. with Na see (9).] 

Methyl-n-propyl-acetanilide : C with Mg in dry ether yields RMgCl which upon 
reactn. with phenyl isocyanate and subsequent hydrolysis yields (1) <2) (4) (10) 
methyl-ri-propyl-acetanilide, m.p. 94-96® (1), 95.2® (11), 92.6® (12), 92.5® (2), 88® cor. 
(13). [For m.p./compn. data and diagrams for mixts. of methyl-n^propyl-acetanilide 
(from C) with diethylacetanilide (from 3-chloropentane) see (4) (2) (12).] [For 
crystallographic study of these two anilides see (15).] 

® Methyl-n-propyl-acet-^-toluidide: m.p. 90-92® u.c. (10); 80.5® (11). 

(g) Methyl-n-propyl-acet-a-naphthalide: m.p. 102.5-103.5® (10). 

3:7825 (1) Whitmore, Karnatz, J. Am. Chem. Soc. 60, 2536-2538 (1938). (2) Haas, Weber, 

Ind. Eng. Chem., Anal. Ed. 7, 231-233 (1935). (3) Kohlrausch, Kdppl, Monatah. 65, 195 (1935). 

(4) Kharasch, WalUng, Mayo, J. Am. Chem. Soc. 61, 1559-1564 (1939). (5) Norris, Reuter, J. 

Am. Chem. Soc. 49, 2630-2631 (1927). (6) Clark. Streight, Trane. Roy. Soc. Can. (3) 23, III 

77-89 (1929). (7) Ayres, Ind. Eng. Chem. 21. 899-904 (1929). (8) Conant, Hussey, J. Am. 

Chem. Soc. 47, 485 (1925). (9) Morton, LcFevre, Hechenbleikner, J. Am. Chem. Soc. 58, 767 

(1936). (10) Underwood, Gale. J. Am. Chem. Soc. 56, 2117-2120 (1934). 

(11) Hommelen, BvU. eoc. chim. Belg. 42, 249 (1933). (12) Lauer, Stodola, J. Am. Chem. Soe. 

56, 1218 (1934). (13) Schwartz, Johnson, J. Am. Chem. Soc. 53, 1065 (1931). (14) Hass, 

J. Chem. Education 18, 492-493 (1936). (15) Whitmore, Karnatz, Popkin, J. Am. Chem. Soc. 

60, 2641 (1938). (16) Vogel, J. Chem. Soc, 1943, 638, 640. 


3:7330 3-CHLOROPENTANE 

(sec.- (3) Amyl chloride; 
diethylcarbinyl chloride) 


B.P. 

97.76-97.82® at 760 mm. (1) 
97.3® at 760 mm. (2) 


H CsHiiCl 

CH 3 .CH 2 — (! 5 --CH 2 .CH 8 

ii 


Beil. I - 131 
l2-( 95) 


F.P. 

-105 to -106® (1) * 0.8795 (1) 

0.8723 (14) 


97.1-97.4® 

96.8-97.2® 

96.7-97.1® 

96® 

96-97® 


at 760 mm. (3) 
at 766 mm. (4) 
at 768 mm. (5) 
at 763 mm. (14) 
at 729 mm. (6) 




1.4104 (1) 

1.4103 (4) 

1.40820 (14) 


Note that all samples of C reported prior to 1935 were undoubtedly mixts. of 3-chioro- 
pentane (C) with 2-chloropentane (3 : 7325). Each of these cpds. is with great ease partially 
converted to the other (see text), and the mixture cannot be separated by fractional distil- 
lation (1). 

[For prepn. of C (or its mixture with 2-chloropentane (3:7325)) from pentanol-3 (1 : 6175) 
with cone. HCl on long stdg. at room temp, (yield: 84% (1); 69% (3)) see (1) (3); with dil. 
HCl see (5); with cone. HCl + ZnCb (yield: 81% (1), 70% (7), 55% (14)) see (1) (7) (14); 
with PCls + ZnCl 2 (60% yield (7)) or PCU + ZnCb (73% yield (7)) see (7); with SOCI 2 + 
pyridine (gives least rearr. (1)) (yield: 46% (1), 42-44% (7)) see (1) (7); from pentCne-2 
(1:8215) + HCl in presence of FeCla or AcOH see (4).] [Note that both pentanol-2 
(1:6185) and pentanol-3 (1:6175) with HCl even at room temp, give mixts. of 2-chloro- 
pentane (3 : 7325) and 3-chloropentane (C) (1).] [For formn. of C in small amt. during 
reactn. of pentanol-1 (1:6205) with HCl + ZnCU see (12).] 
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C is stable (no change in nj? ) on htg. in 8.t. at 100® for 48 hrs. (1). — However, C on 
shaking at 26-28® for 24 hrs. with HCl + ZnCU gives a mixt. consisting of 20% C -f 80% 
2-chloropentane <1). 

[For study of rate of hydrolysis by wat.er at 80° and 180° and rate of cleavage of HCl at 
180° see (12).] 

® Diethylacetanilide : C with Mg in dry ether yields R.Mg.Cl which, upon reactn. with 
phenyl isocyanate and subsequent hydrolysis, yields (1) (3) (4) (5) diethylacetanilide, 
m.p. 127.5° (8), 126.8° (9), 126-127° (5), 125-128° (1), 123-124° cor. (10), 122° (3), 
121° (11). [For m.p./compn. data and diagrams for mixts. of diethylacetanilide 
(from C) with methyl-n-propylacetanilide (from 2-chloropentane) see (4) (3) (11).] 
[For crystallographic study of these two anilides see (13).] 

(g> Diethylacet-/»-toluidide: m.p. 107.5-108.5° u.c. (5), 116.2° (9). 

® Diethylacet-a-naphthalide : m.p. 117-118° u.c. (5). 

3:7330 (l) Whitmore, Karnatz, J. Am. Chem. Soc. 60 , 2536-2538 (1938). (2) Hass, J. Chem. 

Education 13 , 493 (1936). (3) Hass, Weber, Ind. Eng. Chem., Anal. Ed. 7 , 231-233 (1935). 

(4) Kharasch, Walling, Mayo, J. Am. Chem. Soc. 61 , 1559-1564 (1939). (5) Underwood, Gale, 

J. Am. Chem. Soc. 56 , 2117-2120 (1934). (6) Koelsch, McElvain, J. Am. Chem. Soc. 52 , 1164- 

1169 (1930). (7) Clark, Streight, Trans. Roy. Soc. Can. (3) 23 , III 77-89 (1929). (8) Tiffeneau, 

Compl rend. 204 , 592 (1937). (9) Hommelen, soc. c/iim. 42 , 249 (1933). (10) Schwartz, 
Johnson, J. Am. Chem. Soc. 53 , 1065 (1931). 

(11) Lauer, Stodola, J. Am. Chem. Soc. 56 , 1218 (1934). (12) Ayres, Ind. Eng. Chem. 21 , 

899-904 (1929). (13) Whitmore, Karnatz, Popkin, J. Am. Chem. Soc. 60 , 2541 (1938). (14) 

Vogel, J. Chem. Soc. 1043 , 638, 640. 


3: 7335 3-CHLORO-2-METHYLBUTENE-2 
(Trimethyl vinyl chloride) 

CHa- 

B.P. 


Cl CHa 


CsHja 


97-98° 


(1) 

96-99° 


(2) 

94r-99° 


(3) 

94° 

at 

748 mm. (4) 

91-92° 

at 

741 mm. (5) 


D?? = 0.0096 (5) 
= 0.985 (3) 

Dj* = 0.9815 (1) 


BeU. I - 813 

11- 

12- (189) 

•= 1.4380 (5) 
1.4380 <3) 


[For prepn. of C from isopropyl methyl ketone (1:5410) with PCla see (3) (4); from 3- 
chloro-2-methylbutanol-2 (3:8030) by dehydration with IWs (50% yield (1)), anhyd. 
oxalic acid (6) at 130°, or strong oxygenated mineral acids such as H2SO4 (92% yield (7)) 
see indie, refs.] 

[For formn. of C (together with other prods.) from 2,3,3-trichloro-2-methylbutane 
(3:4765) (8) or from 2,3-^ichloro-2-methylbutane (3:7975) with ale. KOH (2), from 2- 
methylbutene-2 (1:8210) with CI2 + NaHCOa at 0° (70-80% yield (9)) or with ter-butyl 
hypochlorite (3:7165) (47.5% yield (5)), or from 2-methylbutanol-2 (1:6160) with CI2 
(10) see indie, refs.] 

C with CI2 + NaHCOa at 0® gives (9) 80% 3,3-dichloro-2-methylbutene-l (3:7690) + 
10% addn. prod. 2,3,3-trichloro-2-methylbutane (3:4765). 

0 in cold ether adds Br2 giving (1) (2) 2,3-dibromo-3-chloro-2-methylbutane, cryst. 
m.p. 197° (1), 197-198° (2). 


3:7335 (1) Krassuskil, J. Rues. Phya.^Chem. Soc. 33 , 15-17 (1901) ; Cent. 1901 , 1 995. (2) Gutner, 
Tishchenko, J. Oen. Chem. {U.S.S.R.) 8, 1062-1067 (1938); Cent. 1938 , II 4221; C.A. 33 , 3755 
(1939). (3) Gredy, BvU. eoc. chim. (5) 2 , 1951 (1935). (4) B6hal, Ann. chim. (6) 15 , 2^285 
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(1888). (5) Irwin, Hennion, J. Am. Chem. Soc. 63, 859 (1941). (6) Detoeuf, BvU. soc. chim. (4) 
31, 170 (1922). (7) Groll, Burgin (to Shell Development Co.), U.S. 2,042,223, May 26, 1936; 
Cent. 1937, I 1274; C.A. 30. 4875 (1936). (8) Tishchenko, J. Oen. Chem. {U.S.S.R.) 6. 1116- 
1132 (1936); Cent. 1937. I 573; C.A 31, 1003 (19.37). <9) Tishchenko, J. Gen. Chem. iU.S.S.R.) 

8, 1232-1246 (1938); Cent. 1939, II 4222, C A. 33. 4190 (1939). (10) Brochet, Ann. chim. (7) 

10, 381 (1897). 


3: 7340 2-CHLORO^,8-DIMETHYLBUTENE-l CcHuCl 

(3-Chloro-2,2-dimethylbutene-3) Cl CHs 

H2C==i— (i— CHs 

in. 


B.P. 98" (1) 

97-99° (2) 


BeU. I - 218 

11- 

12- (195) 


(For prepii. of C from ter-butyl methyl ketone (pinacolone) (1 :5425) with PCls on htg. 
(1) (60% yield (3)) or from 3,3-dichloro-2,2-dimcthylbutanp (3.4325) on htg. with ale. 
KOH at 150° (1) (3) or with KOAc + phenol (4) sec indic. refs.] 

C with ale. KOH (3) or htd. at 160-200° for 5 hrs. w4th pow^dered KOH (or NaOH (5)) 
moistened with ale. (2) gives (80.5% yield (2)) ier-butylacetylene [Beil. 1-256], b.p. 36.4- 
37.8° at 768.3 mm. (2). 


3:7340 (l) Delacre, Bull. acad. roy Belg. 1906, 7-41; Cent 1906. I 1233. (2) Bartlett, Rosen. 

J. Am. Chem. Soc. 64, 544 (1942). (3) Delacre, Bull. soc. chim. (3) 35, 343-344 (1906). (4) 
Meerwein, Wortmann, Ann. 435, 194, Note 1 (1924). (5) do (Jraef, Bull. soc. chim. Belg. 34, 
429 (1925). 


3:7345 d,/-l-CHLORO-2.METHYLBUTANE CHa CsHnCl 
(d,i-«!c.-Butylearbmyl chloride) Cl 


Beil. I - 134 

11- (46) 

12- (100) 


B.P. 

99.9° at 760 mm. (1) (2) 

99.8-100° at 760 mm. (2) 
99.6-100.5° (3) 

99° (4) 

62.5° at 160 mm. (1) 


unrecorded unrecorded 

(See note below.) (See note below.) 


(Note: for active d stereoisomer: b.p. 100.45° at 760 mm. (5), 99.6° at 750 mm. (11), 
86.8° at 500 mm. (5), 80.0° at 400 mm. (5), 71.5° at 300 mm. (5), 60.4° at 200 mm. (6), 
43.0° at 100 mm. (5), 27.7° at 50 mm. (5), Df 0.8857 (5), 0.8852 (6); n‘g - 1.4124 (5), 
1.4125 (6), 1.4126 (11).] 

The sepn. of C from 4-chloro-2-methylbutane (isoamyl chloride) (3:7365) by fractional 
distillation cannot be effected (1) (2). 

(For prepn. of C from the corresponding ale., d,i-.sec.-butylcarbinol (cf. 1:6195) with HCl 
gas at 90° for 6 hrs. (49% yield) see (2); with SOCI 2 see (3); for prepn. of d-form from 
corresp. ale. (1:6195) by satn. at 0° with HCl gas and htg. in s.t. 5 hrs. at 100° (20% 
yield) see (5), by use of SOCI 2 + pyridine (yield: 87% <11 >, 82% <7), 77% (6)) see (6) <7).] — 
[For formn. by chlorination of crude pentane see <4).] 

C is not hydrolyzed by aq. either at 80° or at 180° (4). — For rate of loss of HCl at 180° 
to yield 2-methylbutene-l, b.p. 31° (1:8210), see (4). 
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For anal of mixts. of C with l-Kshloro-S-methylbutane (3:7365) via rate of reactn. with 
KI in acetone see (2). 

C with Mg in dry ether does not react (8). [However, from corresp. d,i-«cc.-butyl- 
carbinyl bromide the R.Mg.Br cpd. was obtd. {9} in 66% yield and with phenyl isocyanate 
yielded iV-(sec.-butylacet)anilide, m.p. 88® cor. <9), 87° (10).] 

3:7345 (1) Haas, McBee, Weber, Ind. Eng. Chem. 27, 1192-1195 (1935). (2) Hass, Weber, Ind, 
Eng. Chem., Anal. Ed. 7, 231-233 (1935). (3) Kohlrausch, Kdppl, Monatsh. 65, 105 (1935). 
(4) Ayres, Ind. Eng. Chem. 21, 900 (1929). (5) Brauns, J. Research Natl. Bur. Standards 18, 

323-324, 327-328 (1937). (6) Whitmore, Olewine, J. Am. Chem. Soc. 60, 2570-2571 (1938). 
(7) Brown, Kharasch, Chao, J. Am. Chem. Soc. 62, 3439 (1940). (8) Underwood, Gale, J. Am. 

Chem. Soc. 56, 2117 (1934). (9) Schwartz, Johnson, J. Am. Chem. Soc. 63, 1063-1068 (1931). 
(10) Hommelen, BvU. soc. chim. Belg. 42, 249 (1933). 

(11) Brown, Groot, J. Am. Chem. Soc. 64, 2566 (1942). 


3:7350 d,^-4-CHLOROPENTENE-l 


Cl CfiHgCl 


Beil. I — 
Ii-(86) 


B.P. 97-100® (1) DL® - 0.934 (1) njf = 1.417 (1) 

The levorotatory form of C has * 0.8794 (2), nf? = 1.4218 (2), but no b.p. or 
method of prepn. is recorded. 

(For prepn. of C from penten-l-ol-4 (allyl-methyl-carbinol) [Beil. I-443] with PCU at 0° 
see (1).] 

3:7360 (l) Pariselle, Compt. rend. 154, 712 (1912). (2) Levene, Rothen, J. Chem. Phys. 5, 982 
(1937). 


3: 7355 l.CHLORO-3-METHYLBUTADI£NE-l,3 

(4-Chloro-2-methylbutadiene-l,3) CH3 


CsHyCl 
Cl 

CH=iH 


Beil. S.N. 12 


BJP. 99-100® 
97.5-98® 


( 1 ) 

( 2 ) 


CH2=< 

DI® =* 0.9543 (1) (2) 


n; = 1.47189 (1) 


[For prepn. of C from l-chloro-3-methylbutadiene-l,2 (3:7390) by stdg. several days 
with HCl -f CU2CI2 -h NH4CI see (2).] 

C without solvent on htg. with maleic anhydride (1:0625) evolves HCl and gives (1) 
a mixt. of 4 acids: 2 dicarboxylic acids, m.p. 210-211° (1) (2) and m.p. 239-241° (1), and 
2 tetracarboxylic acids, m.p. 298-299° (1) and m.p. 352-353° (1) (2); with solvent only 
the acids of m.p. 210-211® and 352-353® are formed (2). 

3:7355 (1) Favorskff, Favorskaya, Compt. rend. 200, 839-840 (1935); 1935, H 1340; C.A. 

29, 3661 (1936). (2) Favorskil, Favorskaya. J. Gen. Chem. {U.S.S.R.) 9, 386-396 (1939); C.A. 

30 , 6281 (1939). 


3: 7358 ISOPROPENYL CHLOROFORMATE 
(Isopropenyl chlorocarbonate) 


o=c.o 


CHs C4H6C)2C1 
'.^)=CH2 


BeU. S.N. 19 


BJ>. 

100® at 760 mm. (estimated) (1) 
93® at 746 xnm. (1) 


Dig = 1.103 (1) 



1Q29 


LIQUIDS WITH Df < 1.16 


3:736^-3:7305 


Colorless lachrymatory liq. with sharp and unpleasant odor. 

[For prepn. of C from acetone (1 :54O0) with liq. phosgene (3:6000) for hr. at room 
temp, see <!).} 

3:7358 (1) Matuszak, J, Am. Chem. Soc. 56, 2007 (1934). 


3:7360 3-CHLOROP£NTADIENE-l,3 

(“ Methylchloroprene 
pirylene monohydrochloride) 

B.P. 

99.6- 101.6*’ at 769 mm. (1) <2) 

98.6- 101® (3) 


a CiHtCi 

CHa— CH=C — CH=-CH2 


= 0.9676 (1) (2) r& 


-20 


Beil. S.N. 13 


1.4745 (3) 
1.4785 <1) <2) 


Colorless liq. with characteristic odor; after addition of hydroquinone (as antioxidant) 
can be distilled (1). — [For polymerization of C sec (1) (2).] 

[For prepn. of C from penten-l-yne-3 (a-methyl-iS-vinylacetylene ~ pirylene (3)) by 
shaking with cone. HCl contg. CuCl + NH4CI see (1) (2) <3).] 

C on htg. with 1,4-naphthoquinone (1:9040) at 100® for 2 hrs. then treated with ale. 
NaOH, and aerated (to oxidize the intermediate addn. prod.), gives (1) (3) 2-chloro-l- 
methylanthraquinone, yel. ndls. from AcOH, m.p. 181® (1), 180.7-181.0® (3). [Dif. from 
l-chloro-2-methylbutadiene-l,3 (3:9200) q.v.J 

3:7360 (l) Jacobson, Carothers, /. Am. Chem. Soc. 55, 1624-1627 (1933). (2) Jacobson (to 
du Pont), U.S. 1,950,440, March 13, 1934; Cent. 1934, II 1037; C.A. 38, 3270 (1934). (3) Sargent. 

Buchman, Farquhar, J. Am. Chem. Soc. 64, 2693 (1942). 


:7366 

4-CHLORO-2.METHYLBUTANE 

CHa CaHuCl 

BeU. 1-136 


(Isoamyl chloride; 1 

l-chloro-3-methylbutane) ^1^H2.0H2— ^CHa 

11- ( 46) 

12- (100) 

B.P. 

FJ». 

XI 


101® 

(1) -104.4* <6) 

- 0.8927 (7) ng* 

- 1.4096 (7) 

100-101* (2) 

0.8732 <25) 

1.40909 <25) 

99.16° 

at 760 mm. (3) 


1.4087 (6> 

99° 

at 777 mm. (25) 


98.8° 

at 760 mm. (4) (5) 



98.1° 

(6) 




C forms many azeotropes: e.g., C with EtOH (1:6130), b.p. 78.3®, pves a const.-boilg. 
mixt., b.p. 74.8® at 760 mm., contg. 69 wt. % C (8); with n-propyl ale. (1:6150), b.p. 97.2®, 
a const.-boilg. mixt., b.p. 89.4® at 760 mm., contg. 69 wt. % C (8); with isopropyl ale. 
(1:6135), b.p. 82.45®, a const.-boilg. mixt., b.p. 79.2® at 760 mm., contg. 57 wt. % C (8) 
with isobutyl ale. (1 : 6165), b.p. 107.85®, a const.-boilg. mixt., b.p. 94.5° at 760 mm., contg. 
78 wt. % C (8). ^[For still others see Beil. I2-(101).] 

[For prepn. of C from isoamyl ale. (1.6200) with cone. HCl <5) (9) (10) (11), with cone. 
HCl d- ZnCl2 (60% yield (12) (13)), with PCI3 + ZnCl2 (13) (14), with PCU (15) or PCU -f 
ZnCl2 (71% yield (13)), with SCKJb (70-83% yield (13) (16)) or SOCi 2 + dimethylaiuHne 
(100% yield (13)) see indie, refs.] 

[For study of hydrolysis by aq. at 80® and 180°, loss of HCl at 180°, and esterification 
with NaOAc at 180® see (1).] 

[For study of rate of reactn. with KI in acetone at 60° see (2); for use in anal, of mixta. 
of C with l-chloro-2-methylbutane (3:7345) see (5).] 
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C with Mg in dry ether + trace I 2 gives RMgCl (yield in 5 hrs. 96.3% (26)); this upon 
oxidation with O 2 yields (17) isoamyl ale. (1 :62(Jb) q.v. (Note: for m.p./compn. data for 
mixts. of N-phenylcarbamates of isoamyl ale. (1:6200) and d,^-«ec.-butylcarbinol (1:6195) 
see orig. ref. (17).] 

® IsocaproaniUde: m.p. 112.0® (18) (19); 111.5® (20); 110.6® u.c. (21); 108® cor. (22). 

(From RMgCl (21) or RMgBr (22) with phenyl isocyanate.] 

® Isocapro-p-toluidide: m.p. 63.0® (18); 61.5-62.5® u.c. (21). [From RMgCl + p- 
tolyl isocyanate (21).] 

® Isocapro<a-naphthalide: m.p. 110-111® u.c. (21). (From RMgCl -f «-naphthyl 
isocyanate (21).J 

® Isoamyl mercuric chloride (RHgCl): m.p. 86® (23). 

® S-Isoamylisothiourea picrate: m.p. 173® (24). (in poor yield from C in ale. on 
refluxing 2 hrs. with thiourea, followed by addn. of PkOH (24).] 

N- (Isoamyl )tetrachlorophthalimide: Ifts. from EtOH, m.p. 170-171® (27). 

3:7365 (1) Ayres, Ind. Eng. Chem. 21, 900 (1929). (2) Conant, Hussey, J. Am. Chem. Soc. 47, 
485 (1925). (3) Timmei mans, Bull. soc. chim. Belg. 30, 66 (1921). (4) Hass, McBee, Weber, 

Ind. Eng. Chem. 27, 1192 (1938) . (5) Hass, Weber, Ind Eng. Chem , A7iaL Ed., 7, 231-233 (1935). 

(6) Turkevich, Smyth, J. Am. Chem. Soc. 04, 737 (1942). (7) Washburn, Keim, J. Am. Chem. 

Soc. 62, 1747 (1940). (8) Lecat, Rec. trav. chim. 46, 242 (1927). (9) Mouneyrat, Ann. chim. 

(7) 20, 538 (1900). (10) Malbot, Bull. soc. cfmn. (3) 1, 603 ^1889). 

(11) Gleditsch, Bull. soc. chim. (3) 35, 1094-1095 (1906). (12) Norris, Taylor, J. Am. Chem. 

Soc. 46. 756 (1924). (13) Clark, Streight, Trans. Roy. Soc. Can. (3) 23, III 77-89 (1929). (14) 

Dehn, Davis, J. Am. Chem. Soc. 29, 1332 (1907). (15) Cahours, Ann. 37, 164 (1841). (16) 

Ross, Bibbins, Ind. Eng. Chem. 31, 255-256 (1939). (17) Davydova, Papkina, Tischenko, 

J. Gen. Chem. (U.S.S.R.) 6, 1615-1623 (1936); Cent. 1937, I 3786. (18) Hommelen, Bull. soc. 

chim. Belg. 42, 249 (1933). (19) Brunner, Farmer, J. Chem. Soc. 1937, 1044. (20) Dragendorff, 

Ann. 487, 76 (1931). 

(21) Underwood, Gale, J. Am. Chem. Soc. 56, 2119 (1934). (22) Schwartz, Johnson, J. Am. 

Chem. Soc. 53, 1065 (1931). (23) Marvel, Gauerke, Hill, J. Am. Chem. Soc. 47, 3010 (1926). 

(24) Levy, Campbell, J. Chem. Soc. 1939, 1443. (26) Vogel, J. Chem. Soc. 1943, 638,640. (26) 
Houben, Boedler, Fischer, Ber. 69, 1769^ 1782 (1936). (27) Allen, Nicholls, J. Am. Chem. Soc. 
56, 1409-1410 (1934). 


3:7370 n-BUTYRYL CHLORIDE CH 3 .CH 2 .CH 2 .C=() C 4 H 70 a 

Beil. U - 

274 





n,-(ia9) 



Cl 


Ik-iZSl) 

B.P. 


F.P. 




101.8® 

at 760 nun. (1) 

-89.0“ (12} Di® = 

1.0164 (2) 



102® 

(2) 

-89.3“ {1} 


= 1.4115 

<2} 

101.5® 

at 768 nun. (3) 

Di® = 

1.0277 (13) 



101.4-102® 

(4) 


1.0205 (3) 



101.1-101.5“ 

<5) 



* 1.4130 

{11} 

101-101.6® 

at 730 nun. (6) 

(7} 


1.4126 

(3} 

101-102.6® 

m 



1.41209 

{13} 

100-101.6® 

(9) 



1.4117 (6} (7} 

100-101® 

<10» 




• 

100.6® 

at 733 nun. <11} 






Comml. C may contain unsatd. and P cpds. (14), 

(For prepn. of C from n-butyric acid (1:1035) with PCls (83% yield (15)), with PCls 
(yield 69-77% (16)) (9) (17) or PCI3 + ZnCh (77% yield (15)), with SOCI2 (yield; 97.4% 
(18), 90% (19), 85% (10), 80% (6) (7), 50% (15)) (20), with benzoyl chloride (80-87% 
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yield <8) (21), with phthalyl dichloride (3:6900) (91.5% yield (22)), with benzotrichloride 
(3:6540) -f ZnCL at 70-80® (23), or with SiCU in xylene (49% yield (24)) see indie, refs.; 
for prepn. of C from a-chloroethyl n-butyrate on warming with a trace of ZnCU see (25); 
for prepn. of C from n-butyric acid (1 : 1035) by use of methyl chlorosulfonate, benzene- 
sulfonyl chloride, etc., see (26).l 

[C on htg. with n-butyric acid (9) or with sodium n-but3n*ate yields n-butyric anhydride 
(1 : 1126), b.p. 198.2® at 760 mm. (12), f.p. -75.0® (12), = 0.9687 (27), = 1.4124 

(27), ng = 1.4143 (28).] 

C with CI2 in CCI4 gives (17) a mixt. of a-, /8- and 7-chloro-n-butyryl chlorides, some 
a-chloro-»-butyric acid anhydride also being formed (29); C with SO2CI2 in pres, of dibenzoyl 
peroxide gives (30) 15% a-chloro-w-butyryl chloride (3:5570), 55% /?-chloro-n-butyryl 
chloride (3:9100), and 30% 7-chloro-r^butyryl chloride (3:5970). — For study of mech. 
of chlorination see (31). — [For action of PCls on C see (32).] 

[C with Br2 in light yields (17) (33) (14) (34) a-bromo-n-butyryl chloride, b.p. 151-153® 
(34), and /J-bromo-n-butyryl chloride.] 

[C on cat. hydrogenation with H2 + Pd-BaB04 cat. in ether (35) or in vapor phase (36) 
gives w-butyraldehyde (1:0130), b.p. 74.7®; C on reduction with Na/Hg or Na in moist 
ether yields (37) (38) (39) octene-4-cliol-4,5 di-n-butyrate.j 

[C added to large excess of certain RMgX cpds. in ether is in part reduced and in part 
imdergocs normal formn. of corresp. ketone: e.g., C with (cr-BuMgCl gives 9% reduction 
and 71% ketone formn. (6) (7) (11); products include n-butyl n-butyrate, fer-butyl n- 
propyl ketone (2,2-dimethylhexanone-3), and ter-butyl-n-propyl-carbinyl n-butyrate. — 
C with excess CeHgMgBr gives (84% yield (40)) 1,1-diphenylbutene-l [Beil. V-648, Vi- 
(313)].] 

[C with chlorosulfonic acid at room temp. (41) or with /VlCla in CHCI3 followed by aq. 
(42) gives di-n-propyl ketone (liutyrone) (1:5447), b.p. 144®. — Note, however, that C 
on htg. with AICI3 at 60° without CHCI3, then poured into aq., yields (42) (43) 2,4,6- 
triethylphloroglucinol [Beil. VI-1129], m.p. 107°.] 

[C with ethylene + AICI3 at 20° gives (70% yield (44)) (45) /8-chloroethyl n-propyl 
ketone (l-chlorohexanone-3) [Beil. 1-6901; C with cyclohexcnc H- SnCU yields (46) 1- 
cyclohexenyl n^propyl ketone, b.p. 100-102® at 8 mm., = 0.950, ng = 1.4885 (oxime, 
m.p. 67°, semicarbazone, m.p. 175°) (46); C with cyclohexane -f AICI3 yields (47) a-methyl- 
cyclopentyl n-propyl ketone.] 

[C with Celle + AICI3 gives_ (89% yield (48)^ (16) phenyl n-propyl ketone (butyro- 
phenone) (1:5535), b.p. 230°; C with toluene -f Aids gives (49) n-propyl p-tolyl ketone 
Beil. VIl-330, Vlli-(175)], b.p. 250®.] 

[C with AICI3 -h phenol yields (50) (51) (20) 45% o-(n-butyryl)phen0l, b.p. 124-126° 
at 14 mm. (51), 119® at 9 mm. (50), m.p. 10.5-10.6® (50), 8° (51), * 1.0683 (50), 

nD * *= 1.5375 (50) (semicarbazone, m.p. 192-193° (50), phenylhydrazone, m.p. 85-87® 
(51)), and 30% p-(n-butyryl)phenol, b.p. 200® at 15 mm. (51), 187-189° at 9 mm. (50), 
m.p. 91-91.5® (50) (benzoate, m.p. 107-107.5® (50), 106-107® (51)); for reactn. of C with 
carvacrol (1:1760) -|- AICI3 in nitrobenzene see (52), similarly with thymol (1:1430) 
see (53).] 

C on hydrolysis yields n-butyric acid (1:1035), b.p. 164°; for the amide, anilide, p- 
toluidide, and other derivs. corresp. to C see n-butyric acid (1 : 1035). 

3:7370 (l) Timmermans, BuU. aoc, chim. Belg. 36, 507 (1927). (2) Koehl, Wenzke, J. Am. 
Chem. Soc. 59, 1418 (1937). (3) Martin, Partington, J. Chem. Soc, 1936, 162. (4) Roitter, 
Z. phyaik. C/tem. 36, 137 (1901). (5) Kohlrausch, Pongratz, Z. phyaik Chem. B-23, 381 (1933). 
(6) Greenwood, Whitmore, Crooks, J. Am. Chem. Soc. 60, 2028-2030 (1938). (7) Whitmore, 

Rec. trav. chim. 67, 565 (1938) (8) Brown, J. Am. Chem. Soc. 60, 1325-1328 (1938). (9) 
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Linnemann, Ann. 161, 179 (1872). (10) Helferich, Schaefer, Org. Syntheses, CoU. Vol, 1 (2iid ed.), 
147-149 (1941); (Ist ed.), 142 (1932); 9, 32-33 (1929). 

(11) Whitmore, Whitaker et al., J. Am. Chem. Soc. 63, 647-653 (1941). (12) Timmermans, 
Mattaar, BuU. soc. chim. BeLg. 86 , 216 (1921). (13) Brilhl. Ann. 263. 19 (1880). (14) Kharasch, 
Hobbs, J. Org. Chem. 6 , 706, 709-712 (1941). (15) Clark, BeU, Trans. Roy. Soc. Can. (3) 27, 
III 97-103 (1933). (16) Burcker, Ann. chim, (5) 26, 466^69 (1892). (17) Michael, Ber. 34, 
4051, 4057 (1901). (18) Fierz-David, Kiister, Helv. Chim. Acta 22, 89 (1939). (19) Read, 
Org. Syntheses 14, 90 (1934). (20) Rice, Harden, J. Am. Pharm. Assoc. 25, 7-9 (1936); Cent. 
1936, II 70. 

(21) Chem. Fabrik vorm. Weiler-ter-Meer, Ger. 350,050, March 11, 1922; Cent. 1922, IV 155. 
(22) Kyrides, J. Am. Chem. Soc. 59, 208 (1937). (23) Rabcewicz-Zubkowski, Roczniki Chem. 9, 
523-531 (1929); Cent. 1929, II 2767; C.A. 24, 61 (1930). (24) Montonna, J. Am. Chem. Soc. 49, 
2114-2116 (1927). (25) Soc. Usines Chim. Rhone-Poulenc, Brit. 329,721, June 19, 1930; Cent. 

1939, II 1611. (26) Henle, Schirm (to Farbweike Meiater, Lucius & Brdmng), Ger. 397,311, 
July 1, 1924; French 568,331, March 22, 1924; Cent. 1924, II 1402. (27) Tromp, Rec. trav. chim, 

41, 299 (1921). (28) Whitby, J. Chem. Soc. 1926, 1463. (29) de Boosere, Bull. soc. chim. Belg, 
32, 44, Note (1923). (30) Kharasch, Brown, J. Am. Chem. Soc. 62, 925-929 (1940). 

(31) Hertel, Becker, Clever, Z. physik. Chem. B-27, 303-315 (19.34). (32) von Braun, Jostes, 

MUnch, Ann. 453, 147 (1927). (33) Michael, Scharf, Ber. 46, 137-138 (1913). (34) Bardan, 
BuU. soc. chim. (4) 49. 1428 (1931). (35) Rosenmund, Ber. 51, 591-592 (1918). (36) Froschl, 
Danoff, J. prakt. Chem. (2) 144, 220-221 (1936). (37) Freund, Ann. 118, 35-43 (1861). (38) 
MUnchmeyer, Ber. 19, 1846 (1886). (39) KUnger, Schmitz, Ber. 24, 1271-1272 (1891). (40) 

Gilman, Fothergill, Parker, Rec. trav. chim. 48, 750 (1929). 

(41) Krajcinovic, Ber. 63, 2276-2278 (1930). (42) Combes, Bull. soc. chim. (3) 11, 710-712 
(1894). (43) Combes, Ann. chim. (6) 12, 263-265 (1887). (44) Kenner, Statham, Ber. 69, 17 
(1936). (45) Schering-Kahlbaum Akt. Ges., Brit. 282,412, Feb. 15, 1928; Cent. 1929, I 143. 
(46) Colonge, Duroux, Bull. soc. chim. (5) 7, 459^68 (1940); C.A. 86 , 2842 (1942). (47) Nenit- 
zescu, lonescu, Ann. 491, 208 (1931). (48) Sorge, Ber. 35, 1073 (1902). (49) Willgerodt, 

Hambrecht, J. prakt. Chem. (2) 81, 78 (1910). (50) Sandulesco, Girard, BvU. soc. chim. (4) 47, 
1305-1310 (1930). 

(51) Coulthard, Marshall, Pyman, J. Chem. Soc. 1939, 286. (52) John, Beetz, J. prakt. Chem. 
(2) 143, 345 (1935). (53) Rosenmund, Schulz, Arch. Pharm. 265, 311 (1927). 


3:7390 l-CHLORO-3-METHyLBUTADIENE-l,2 CsHyCl Beil. S.N. 12 

(4-Chloro-2-methylbutadieiie-2,3) CH 3 Cl 

CHs— i==c=c 
I 

H 

B.P, 108-103° (1) D*4® = 0.9616 <1) (2) = 1.46697 <2) 

101-104° (2) 

[For prepn. of C from 2-methylbutyne-3-ol-2 (dimethyl-ethynyl-carbinol) on shaking 
as specified (1) (2) with HCl + CuCl 2 + NH 4 CI; the initial reactn. prod, is 2-chloro-2- 
methylbutyne-3 (3:7155) which may be obtd. in 63% yield if reactn. time is short ( 1 ) (2); 
on stdg. with the reactn. mixt. for 18 days, however, this is isomerized to C (40-65% yield 
(2)) cf. (4).] 

C on stdg. several days with HCI/CU 2 CI 2 /NH 4 CI mixt. is isomerized ( 2 ) to l-chloro-3- 
methylbutadiene-1,3 (3:7355) q.v. 

C on htg. with aq. + CaCOa yields ( 1 ) (3) not only its precursors, 2 -chloro- 2 -methyl- 
butyne-3 (3:7155) and 2-methylbutyne-3-ol-2, but also vinyl chloride (3:7010), methyl- 
acetylene, and 4-chloro-2-methylbutadiene-l,3 (3:7355) q.v. 

C gives no ppt. with NH 40 H/AgN 08 (1). [Dif. from 2-chloro-2-methylbutyne-3 
(3:7155).] 

C on oxidn. with KMn 04 yields ( 1 ) a-hydroxyisobutyric acid (1:0431). 

8:7399 (1) Favorskil. Favorskaya, Compt. rend. 299 , 839-840 (1935); Cent. 1935, II 1340; C.A. 
29 , 3651 (1935). (2) Favorskaya, J. Qen. Chem. {U.S.S.R.) 9, 386-395 (1939); C.A. 33, 9281 
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(1939). (3) Favorekaya, J, Gen. Chem. (U.S.S.R.) 9, 1237-1242 (1939); C.A. 84, 1303 (1940). 
(4) Hurd (to Commercial Solvents Corp.), U.S. 2,274,611, Feb. 24, 1942; C.A. 36, 4138 (1942). 


3: 7396 /ran5-2,3-DlCHLOROBUTENE-2 Cl C 4 H 6 CI 2 

CHs— (!)=0-CH8 


BeU. S.N. 11 


B.P. 101-103^ at 768 nun. <1) 

[See also ds stereoisomer (3:5500).] 


= 1.1416 <1) 

njf - 1.4639 (1> 

Df ■■= 1.1481 <1) 


[For prepn. of C (accompanied by its cis stereoisomer (3:5500)} from 2,2,3-trichloro- 
butane (3:5680) with solid KOH (1 mole) at 135-140° see (1).] 

C on oxidn. with 3% aq. KMn04 yields (1) acetic acid (1 : 1010). 

C in ecu at —20° treated with 7% O3, then hydrolyzed, yields (1) acetic acid (1 : 1010) + 
acetaldehyde (1:0100). 

3:7395 (l) Tishchenko, Churbakov, J. Gen. Chem. (U.S.S.R.) 6, 1553-1558 (1936); Cent. 1937, 
I 3785; C.A. 31, 2165 (1937). 


3: 7400 (/,M-CHLOROPENTENE-2 Cl C^HqCI Beil. I - 310 

(2-Chloropentene-3; rtT-PH J'-PH 

a,7-dimethylallyl chloride, y— t-H, ^-(186) 

a-methylcrotyl chloride, jj 

piperylene hydrochloride) 

B.P. 

103° dec. at 760 mm. <1) « 1.4311 (6) 

103-106° (2) 

100.5° at 771.6 mm. (3) = 0.9004 (3) (10) nl? = 1.4382 (3) 

68° at 270 mm. (4) 1.4388 (10) 

66° at 200 mm. (3) 

67° at 200 mm. (10) 

58° at 165 mm. (5) 

18-20° at 12-18 mm. (1) 

Two geom. stereoisomers of C are possible but as yet unrecognized. — [A levorotatory 
form of C has been obtd. (6) (7) cf. (11). — C does not undergo allylic transposition.) 

[For prepn. of C from penten-2-ol-4 with HCl gas in the cold (3) (5), with PCI3 in dry 
ether (37% yield (8)) or with pyridine (4), with PCU <2) see indie, refs.] 

C is readily hydrolyzed even by cold aq. (3); with KOH gives Sap. Eq. 106.2 (calcd. 
104.6) (4). [For study of mech. of hydrolysis of C see (4).] 

[C with HBr gives (3) 4-bromopentene-2; with phenol as specified <8) gives phenyl a, 7- 
dimethylallyl ether, with diethyl sodiomalonate gives the substituted ester (5); for reactn. 
of C with various aliphatic and aromatic amines see (9).] 

[C with 7i-propyl MgCl yields (10) 4-methylheptene-2, b.p. 113.5° at 760 mm., D|® * 
0.7206, * 1.4123 (10).] 

— </-(a,7-Dimethylallyl) acetate: b.p. 136-137° (11). [From the corresp. d°-alcohol 
with AC2O + pyridine (11).] 

d,Z-(a,7-Dimethylallyl) benzoate: b.p. 140° at 21 mm.; no * 1.5075 (11). [From 

the corresp. (i-alcohol with BzCl + pyridine (11).] 
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(f,2-(<x,7*Dimethylallyl) ^-nitrobenzoate: m.p. 56® (11). [From the dr or d^Z-forms 

of corresp. alcohol (11).] 

<f,{-(a,7-Dimethylallyl) N-(a-naphthyl)carbamate: m.p. 106® (11). [For important 

details regarding this see (11).] 

3:7400 (1) Bottcher (to I.G.), Ger. 512,232, Nov. 7, 1930; Cent, 1081 , I 1007; C.A. 25 . 1037 
(1931). (2) Reif, Ber. 41 , 2741 (1908). (3) Baudrenghien, BvU. ad. acad. roy. Belg. (5) 15 , 56 

(1929); CerU. 1929 , I 2966; C.A. 23 , 4196 (1929). (4) Arcus, Smith, J. Chem. Soc. 1939 , 1748- 
1749. (5) Shonle, Waldo, J. Am. Chem. Soc. 55 , 4650 (1933). (6) Lovene, Haller, J. Biol. 

Chem. 81 , 706 (1929). (7) Hills, Kenyon, Phillips, J. Chem. Soc. 1986 , 583. (8) Hurd. Cohen. 
J. Am. Chem. Soc. 53 . 1920 (1931). (9) BSttcher (to I. G.), Ger. 473,215, March 14, 1929; 

Cent. 1929 , I 3037, C.A. 23 , 3052 (1929). (10) Henne, Chanan, Turk, J. Am. Chem. Soc. 68 , 
3474-3476 (1941). 

(11) Balfe, Hills, Kenyon, Phillips, Platt, J. Chem. Soc. 1943 , 348-351. 

3: 7406 ISOPROPYL CHLOROFORMATE C4H7O2CI BeU. m - 12 

(Isopropyl chlorocarbonate) (CH3)2CH.O.CO.Cl HIi — 

niz-do) 

B.P. 103-104® (1) (2) at 723 mm. (3) 

Colorless liq. insol. cold aq. 

(For prepn. (40% yield (2)) from isopropyl ale. (1:6135) -h phosgene (3:5000) see (2) 
(3); using diphosgene (3:5515) see (1).] 

C on htg. with quinoline dec. at 62® (4) into isopropyl chloride (3:7025) -f C02. [At 
higher temp, some propylene is also formed: for study see (5).] 

® Isopropyl carbamate [Beil. III-29]: from C in CeHe by treatment with NH3 gas, 
filtration of pptd. NH4CI, and evapn. of solvent; long ndls., m.p. 92-93° (3). 

® Isopropyl N-phenylcarbamate (isopropyl carbanilate) [Beil. XII-321]: from C + 
aniline; cryst. from pet. ether, m.p. 75-76® (6). [Previous recorded values are errone- 
ous.] 

3:7465 (1) Nekrassow, Melnikow, J. prakt. Chem. (2) 127 , 215 (1930). (2) Hamilton, Sly, 
J. Am. Chem. Soc. 47 , 436-437 (1925). (3) Thiele, Dent, Ann. 302 , 269-270 (1898). (4) CarrA 
BvU. soc. chim. (5) 3 , 1072 (1936). (5) Compere, Proc. Louisiana Acad. Sci. 6 , 93-98 (1942); 
C.A. 86 , 2779 (1942). (6) Weizmann, Garrard, J. Chem. Soc. 117 , 328 (1920). 

3:7410 6-CHLOROPENTENE-l Cl CsHgCl Beil. S.N. 11 

(!;h 2 .ch,.ch,.ch=ch, 

B.P. 

103.6-104.5° at 778 mm. (1) Dj® = 0.9185 <U = 1.48973 (1) 

105® at 746 mm. (2) 

36.5° at 61 mm. (1) D\% = 0.916 (2) .== 1.43065 <2) 

Colorless limpid liq. with odor like allyl chloride but weaker; aim. insol. aq. (1). 

(For prepn. of C from penten-l-ol-6 with PCI3 + pyridine (1) or with SOCI2 + dimethyl- 
aniline (2) see indie, refs.] 

[For study of rate of reactn. of C with K1 in acetone see (1).] 

6-Phtlialimidopentene-l: m.p. 40®, b.p. 155-157® at 12 mm. (3). [Not reported 

from 0 but obtd. in 90% yield (3) from 5-bromopentene-l with K phthalimide in 
xylene at 150-160® for 6 hrs.] 

8:7416 (1) Juvala, Ber. 68 , 1994-1997 (1930). (2) Paul, Compt. rend. 198 , 599 (1931). (3) 
S^harasch, Fuchs, J. Org. Chem. 9 , 370 (1944). 
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3:7415 a^-DICHLOROBUTAIIE Cl C4Hga2 

CHj.CH2.(!5.CH» 

ii 

B.P. M.P. 

104-104.5* (1) -74* (3) = 1.0665 (2) 

103-104° (2) (3) 

99-103° at 760 mm. (4) (5) = 1.069 (5) 


BeO. I • 119 
Ii— 

Iz — 


° 1.4306 (2) 
= 1.4370 (4) 


[For prepn. from butanonc (ethyl methyl ketone) (1:5405) with PCls see (8) (6) (4) 
(6) (1); for formn. (together with other isomers and 2-chlorobutene-l (1)) from 2-chIoro- 
butane (3:7125) by chlorination see (2).] 

C with ale. KOH splits off HCl and gives mixt. of both stereoisomeric 2-chlorobutene- 
2*s (2) (9) (3 : 7105). [Cleavage of HCl in the other sense to yield mainly 2-chlorobutene-l 
(3:7075) is also claimed <7).] 

3:7415 (1) Tishchenko, J. Gen. Chem. (U.S.S.R.) 8, 1232-1246 (1938); Cent. 1989, II 4223. (2) 
Tishchenko, Churbakov, J. Gen. Chem. (U.S.S.R.) 7, 663-666 (1937) ; Cent. 1937, II 372; C.A. 31, 
5754 (1937). {3) Dupont, Compt. rend. 148, 1522 (1909). (4) Kahovec, Kohlrausch, Z. physik. 
Chem. B-48, 10 (1941). (5) StoU, Rouv6, Helv. Chim. Acta 31, 1544 (1938). (6) Bruylants, 

Ber. 8, 412 (1875). <7) Schjanberg, Ber. 71, 573 (1938). (8) Henne, Renoll, Leicester, J. Am. 
Chem. Soc. 61, 940 (1939). (9) Charpentier, BuU. aoc. chim. (5) 1, 1407-1411 (1934). 


3:7430 1-CHLOROPENTENE-l 
B.P. 103-106° (1) 


CHa CH2.CH2, 


Cl 

.CH^djH 


C5H9CI 


Beff. S.N. 11 


Two geom. stereoisomers of C are possible but as yet unrecognized. 

[For prepn. of C from 1,2-dichloropentane (3:8140) with ale. KOH see (1).] 

3:7420 <l) Lemke, Tishchenko, J. Gen. Chem. (U.S.S.R.) 7, 1995-1998 (1937); Cent. 1939, I 
2398; C.A. 32, 482 (1938). 


3:7435 l.l-DICHLORO-O-METHTLPROPANE CH3 C4H8CI2 
(Isobutylidene (di)chloride) ^ CHCI2 




BeU. I - 126 

Ii— 

I* — 


B.P. 105-106° (1) Dli = 1.0111 { 5 ) 

104.3-105.7° (2) 

108° (3) 

103-105° (5) 


Colorless liq. with agreeable odor. 

[For prepn. from isobut3rraldehyde (1:0120) 4- PCI5 see (5) (2); for formn. (with other 
products) during chlorination of isobutane see (1) <3).] 

C htd. in s.t. with Ag20 + H2O yields Ag isobutyrate (4). 

3:7425 (l) Hass, McBee, Weber, Ind. Eng. Chem. 27, 1191 (1935). (2) Kohlrausch, Edppl, 
Monatah. 65, 197 (1935). (3) Hass, McBee (to Purdue Research Foundation), U.S. 2,004,072, 

June 4, 1935; Cent. 1936, I 3012. (4) Spring, Lecrenier, BuU. aoc. chim. (2) 48, 626 (1887). 
(6) Oeconomides, Bull. aoc. chim. (2) 45, 497-498 (1881). 
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3:7430 l,2-DICHL0R0.2-METHyLPR0PANE CHs C4H8CI8 


(Isobutylene dichloride) 


CH*— i— CHj 

ii 


Beil. I • 136 
Xi-( 41) 
Ki-( 88) 


B.P. 106.6° cor. at 760 mm. (1) 
107-108° (3) (4) (5) <6) (7) 

69-60° at 160 mm. <1) 
38.6-39.3° at 70 mm. <1) 


= 1.089 (4) - 1.4370 (1) 

1.4360 (4) 
= 1.093 (1) = 1.4373 (3) 


Liq. with mild clean sweetish odor; stable on stdg. and develops no HCl even in 6 months 

( 1 ). 

(For prepn. from ier-butyl chloride (3:7045) by chlorination see (1) (2) (8); from 2- 
methylpropene (isobutylene) by addn. of CI2 at 0° see (4); from l-chloro-2-methylpropanol- 
2 (3:7752) with cone. HCl see (2) (9); from isobutane by chlorination see (10).] 

Upon hydrolysis the tertiary chlorine atom shows great reactivity, the primary chlorine 
atom little. Thus C on boiling with aq. for 18 hrs. gives (48% yield (2)) l-chloro-2- 
methylpropanol-2 (3:7752). [The addn. of bases (NaOH or NaHCOs) or antiacids 
(CaCOs) results in lower 3rields (2).] [In addn. to the above l“Chloro-2-methylpropanol-2 
thh presence of NaHCOa or Na2C03 leads (11) to formn. of 2-methylpropanediol-l,2 
(isobutylene glycol) [Beil. 1-480], l-chloro-2-methylpropene-l (“ isocrotyl chloride'') 
(3:7120), and isobutyraldehyde (1:0120).] [For study of methods of conversion of C to 
isobutyraldehyde see (1).] 

3:7430 (1) Hersh, Nelson, J. Am, Chem. Soc. 68, 1631-1633 (1936). (2) Sparks, Nelson, J. Am. 
Chem. Soc. 68, 1010-1011 (1936). (3) Kahovoc, Kohlrausch, Z. phyaik. Ch$m. B-48, 10 (1941). 

(4) Burgin, Engs, GroU, Hoarne, Ind. Eng. Chem. 31, 1414 (1939). (5) Hass, McBee, Weber, 
Ind. Eng. Chem. 27, 1191 (1935). (6) Mouneyrat, Ann. chim. (7) 20, 533-634 (1900). (7) 
Pogorshelski, J. Rusa. Phya.-Chem. Soc. 36, 1129-1184 (1904); Cent. 1906, I 668. (8) Rogers, 
Nelson, J. Am. Chem. Soc, 68, 1027-1029 (1936). (9) Henry, Compt. rend. 142, 496 (1906). 
(10) Hass, McBee (to Purdue Research Foundation), U.S. 2,004,072, June 4, 1935; Cent. 1936, 
I 3012. 

(11) Dobryanskii, Gutner, Shchigel’skaya, J. Oen. Chem. (U.S.S.R.) 7, 1315-1320 (1937); 
Cent. 1938, I 561; C.A. 31, 6189 (1937). 


3; 7450 a,a-DIMETHYLPROPIONYL CHLORIDE CsHgOCl Beil. H - 320 
(Trimethylacetyl chloride; CH3 III- (139) 

pivalyl chloride) CH. ( j ? C - 0 ni-(280) 

in, <!a 


B.P. 

107® 

(1) 

B.P. 

70.6®- 

-71.0® at 250 mm. (5) (6) 

= 1.41*6 (7) 

105-106® 

(2> 

68® 

at 160 mm. (7) 

1.41*S (9> 

104.3-105.4® 

<3) 

57.6® 

at 160 mm. (8) 

1.41*3 <9) 

103-104® 

<4> 

66® 

at 160 mm. (9) 

1.41** <8) 



48® 

at 100 mm. (9) 

1.4118 (6) (6) 


[For prepn. of C from trimethylaoetic acid (pivalic acid) (1:0410) with PCI5 (2), with 
PCU (10), with SOCI2 (11) (yield 80% (5) (6) (8), 86% (7», or with benzoyl chloride 
(1 mole 79% yield, 2 moles 92% yield (4) cf. (16)) see indie, refs.; for formn. of C (together 
with other prods.) from isobutane -f CO -h AlCls at 20® and 120 atm. see (12).] 

[C with MeOH gives (50% yield (8)) methyl trimethylacetate (1:3072), b.p. 99.6^ at 
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3:7450-3:7460 


731 mm., nU * 1.3895 (8); C with sodium trimethylacetate yields <2) pivalic anhydride, 
b.p. 124® at 93 mm., = 1.4093 (6).] 

[C with large excess of most Grignard reagents is reduced to ier-butyl_ carbinol (neo- 
pentyl alcohol) (1:5812), other products also being formed; for reactn. of C with EtMgBr 
(8) (13), with ivPrMgBr (13), with wo-PrMgBr (13), with n-BuMgBr (5) (7) (13), with 
iso-BuMgBr (13) or wo-BuMgl (9), with ^-BuMgCl (5) (6) (9), with n-AmMgBr (13), 
with Mo-AmMgBr (13), with ter-AmMgCl (9), with neopentyl MgCl (9) see indie, refs.) 
[For study of rate of reactn. of C with various ales, see (14).] 

C on hydrolysis yields trimethylacetic acid (1:0410) q.v. (for the amide, m.p. 132.0- 
132.6® cor. (15), anilide, m.p. 132® cor. (16), p-toluidide, m.p. 119.5® cor. (16), and other 
derivatives (16) corresp. to C see 1 :0410 and indie, refs.). 

3:7460 (l) BSeseken, Rec. trav. chim. 20, 99 (1910). (2) Butlerow, Ann. 173, 373-374 (1874). 
(3) Kohlrausch, Pongratz, Z. phyaik. Chem. B-22, 382 (1933) (4) Brown, J. Am. Chem. Soc. 00, 

1325-1328 (1938). (5) Whitmore, Rec. trav. chim. 67, 562-568 (1938). (6) Greenwood, Whit- 
more, Crooks, J. Am. Chem. Soc. 60, 2028-2030 (1938). (7) Whitmore, Popkin, Whitaker, 

Mattil, Zech, J. Am. Chem. Soc. 60, 2458^2462 (1938). (8) Whitmore, Foster, J. Am. Chem. 

Soc. 64, 2966-2968 (1942). (9) Whitmore, Whitaker, Mosher, Breivik, Wheeler, Miner, Suther- 
land, Wagner, Clapper, Lewis, Lux, Popkin, J. Am. Chem. Soc. 63, 643-654 (1941). (10) Whit- 

more, Langlois, J. Am. Chem. Soc. 64, 3439 (1932). 

(11) Meyer, Monatah. 27, 36 (1906). (12) Hopff, Nenitzescu, lascescu, Cantuniari, Ber. 69, 

2250 (1936). (13) Whitmore, Meyei, Pedlow, Popkin, J. Am. Chem. Soc. 60, 2788-2789 (1938). 

(14) Leimu, Ber. 70, 1040-1053 (1937). (16) Cavalieri, Pattison, Carmack, J. Am. Chem. Soc. 

67, 1785 (1945). (16) Degnan, Shoemaker, J. Am. Chem. Soc. 68, 105 (1946). 

3:7455 6-CHLOROPENTENE-2 CgHaCl Beil. S.N. 11 

(l-Chloropentene-3) CH3.CH==CH.CH2CH2C1 

B.P. 

107.0-107.6“ at 766 nun. (1) = 0.9043 (1> = 1.4310 {IJ 

Two geom. stereoisomers of C are possible but as yet unrecognized. 

[For prepn. of C in 75% yield from penten-3-ol-l with SOCI 2 in CH 2 CI 2 see (1).] 

C with Nal in acetone gives (1) after 11 hrs. reflux 74% yield l-iodopentene-3, b.p. 
53.6® at 20 mm., DfJ = 1.5579, w?? = 1.5153 (1). 

C with Mg in dry ether yields RMgCl (used in reactn. with acrolein (1:0115) to ©ve 
(50% yield (1)) penten-3-yl-vinyl-carbinol). 

3:7466 (l) Goothals, BuU. eoc. chim. Belg. 46, 417-419 (1937). 


3: 7460 1-CHLOROPENTANE CsHuCl Beil. I - 130 

(n-Amyl chloride, CH 8 .CH 2 .CH 2 .CH 2 .CH 2 .Cl Ii-( 42) 

n-butylcarbinyl chloride) l 2 -( 95) 


B.P. 

108.35® cor. at 760 

107.74-107.78® at 760 
107-108® 

105.7-105.8® at 760. 

105® at 764 

107a8-108.4® at 749 

106.6® at 739 

106® at 726 


F.P. 

mm. (1)(2) -99® (2) 
mm. (3) 

(4) 

mm. (5) 


at 769.3 mm. (5) 
at 764 mm. (30) 
at 749.7 mm. (6) 
at 739.8 mm. (7) 
at 726 mm. (8) 


= 0.87667 


= 0.8828 
0.8831 
0.8816 


njS =. 1.41036 (2) 


n^ » 1.41380 {8} 
1.41353 (2) 
1.41177 (30) 
0.88667 (2) 

ni>* - 1.41481 (2) 



3:7460 


1-CHLOROPENTANE 


1038 


Note that most samples of C reported prior to 1938 undoubtedly contained a small 
amount of mixed 2-chloropentane (3 : 7325) and 3-chloropentane (3 : 7330). This previously 
unrecognized fact may be the cause of much variation in reported physical constants, 
especially the refractive index. 

[For prepn. of C (or its mixt. with 2-chioro- and 3-choropentane) from pentanol-1 
(1:6206) with cone. HCl (7) (4) in s.t. at 120® for 12-15 hrs. (94% yield (2)) see indie, refs.; 
with HCl + ZnCla (yield: 67% (30), 57% (8), 72% (9)) see (8) (9) (30); with PCU + 
ZnCl 2 (70% yield (9)) or PClg + ZnCl 2 (76% yield (9)) see (9); with SOCI 2 + pyridine 
(gives no rearrangement (8)) (yield: 80% (8), 87% (9)) see (8) (9); for prepn. (23% yield 

(10) ) from 7 -chloropropyl p-toluenesulfonate by reactn. with EtMgBr see (10).] 

[For formn. of C (together with other products) during chlorination of pentane see 

(11) (12) (13) (14).] 

C with EtOH forms const.-boilg. mixt., b.p. 72.5®, but forms no azeotrope with MeOH. 
C forms with aq. a const.-boilg. mixt., b.p. 82®. 

C on htg. with cone. HCl + ZnCl 2 at 126-134® for 12 hrs. undergoes partial isomeriza- 
tion forming 3% of a mixt. of 2-chloropentane (3:7325) and 3-chloropentane (3:7330) (8). 

[For study of rate of hydrolysis by aq. at 80® and 180°, and rate of cleavage of HCl at 
180®, see (11); for rate of reactn. with KI in acetone sec (4) (15) (16); for reactn. with 
Na-^=CH see (17) (18); with KCN see (19); with CI 2 see (6); for extensive study of 
reactn. with Na see (19) (20) (21) (22) (23) (24) (25).] 

® n-Caproanilide : C with Mg in dry ether yields RMgCl which upon reactn. with 
phenyl isocyanate and subsequent hydrolysis yields (26) n-caproanilide, m.p. 96° 
cor. (27), 94-95® u.c. (26), 92® (28). 

® n-Capro-^-toluidide; m.p. 74-75® u.c. (26), 73® (28). [From RMgCl + p-tolyl 
isocyanate as above (26).] 

® S-n-Amylisothiourea picrate: m.p. 154® (29). [From C in ale. on refluxing 2 hrs. 
with thiourea, followed by addn. of PkOH (29).] 

N-(n-Amyl)tetrachlorophthalimide: ndls. from CHCI 3 , poured into 2 vols. MeOH, 

m.p. 145-146® (31). 

3:7460 (l) Hass, J. Chem. Education 13, 492-493 (1936). (2) Simon, Bull. soc. chim Belg. 38, 
48, 66, 58 (1929). (3) Rintelen, Saylor, Gross, /. Am. Chem. Soc. 69, 1129 (1937). (4) Conant, 

Kirner, J. Am. Chem. Soc. 46, 245 (1924). (5) Karvoncii, Ann. Acad Sci. Fennicae 3-A, 1-103; 
Cen<. 1913, II 1271. (6) Hass, Huffman, J. Am. Chem. Soc. 63, 1233-1235 (1941), (7) Lieben, 
Rossi, Ann. 169, 72 (1871). (8) Whitmore, Karnatz, Popkin, J. Am. Cf^em. Soc. 60, 2540-2542 

(1938). (9) Clark, Streight, Trans. Roy. Soc. Can, (3) 33, III 77-89 (1929). (lO) Rossander, 
Marvel, J. Am. Chem. Soc. 60, 1495 (1928). 

(11) Ayres, Ind. Eng. Chem. 31, 899-904 (1929). (12) Clsrk, Ind. Eng. Chem. 33, 439-443 
(1930). (13) Ayres (to B.A.S. Co,), U.S. 1,741,393, Dec. 31, 1929; Cent. 1930, I 3353. (14) 
Sharpies Solv. Corp., Ger. 610,660; March 18, 1935; Cent. 1936, II 920. (15) Conant, Hussey, 
J. Am. Chem. Soc. 47, 485 (1925). (16) Conant, Kirner, Hussey, J. Am. Chem. Soc. 47, 587-589 

(1925). (17) Hurd, Christ, J. Org. Chem. 1, 143-144 (1936). (18) Vaughn, Heunion, Vogt, 

Nieuwland, J. Org. Chem. 3, 1-22 (1937). (19) Hass, Marshall, Ink. Eng. Chem. 33, 352-353 
(1931). (20) Morton, LeFevre, Hechenbleikner, J. Am. Chem. Soc. 68 , 757 (1936). 

(21) Morton, Hechenbleikner, J. Am. Chem. Soc. 68, 1700 (1936). (22) Morton, Hechenbleik- 
ner, J. Am. Ch£m. Soc. 68, 269^2605 (1936). (23) Morton, Richardson, J. Am. Chem. Soc. 63, 
123-126 (1940). (24) Morton, Richardson, J. Am. Chem. Soc. 63, 129-131 (1940). (25) Gil- 
man, Pacevitz, J. Am. Chem. Soc. 63, 1301-1302 (1940). (26) Underwood, G^e, J. Am. Chem. 
Soc. 66, 2119 (1934). (27) Schwartz, Johnson, J. Am. Chem. Soc. 63, 1065 (1931). (28) Robert- 
son, J. Chem. Soc. 116, 1220-1221 (1919). (29) Levy, Campbell, J. Chem. Soc. 1989, 1443. 
(30) Vogel, J. Chem. Soc. 1943, 638, 640. 

(31) Allen, Nicholls, J. Am. Chem. Soc. 66 , 1409-1410 (1934). 



1039 


LIQUIDS WITH < 1.15 


3:7463^:7464 


3:7463 /J-CHLOROETHTL ETHYL ETHER C 4 H»Oa 

G9-Ethoxyethyl chloride) CHj.O.CHjCHa 

^HjCl 


108-109“ (1) 

107-108“ ( 2 ) 

107-108“ (3) 

107.0-107.3“ at 761.8 mm. (4) (7) 
105-107“ (5) 

106“ u.c. at 728 mm. ( 6 ) 


Dj® = 0.9945 (5) 
0.98945 (4) 
0.98841 (7) 

Z)l® = 1.003 (5) 


BeO. I • 337 
Ii-(170) 

I2 


nf? * 1.412 ( 6 ) 

1.41134 <4) 


[For prepn. of C from /S-ethoxyethyl ale. C Cellosolve ”) (1 : 6410) with PCI3 (7) <8) 
or with SOCI2 + pyridine (20% yield (10)) (11) in CHCI3 (58.3% yield (9)) see indie, refs.; 
from ethylene ehlorohydrin (3:5552) + ethyl ale. (1:6130) 4- cone. H2SO4 at 145® see (1); 
from ethylene with ethyl hypochlorite (3:7022) (12) or with mixtures yielding the latter, 
such as EtOH -f- CI2 (85% yield C (2)) or ale. i^iJV-dichlorobenzenesulfonamide (6), see 
indie, refs.; from /3-iodoethyl ethyl ether with CI2, SbCU, or ICl see (3).] 

C with Nal in acetone refluxed 15 hrs. givers (10) (11) /3-ethoxyethyl iodide, b.p. 151- 
154® (10) (11). 

[C with KSH in s.t. at 65® for 24 hrs. (1) cf. (13) gives (74% yield (1)) j8-ethoxyethyl 
mercaptan, b.p. 125.5-125.8® u.c., D^q = 0.9479 (1) (corresp. EtOCH2CH2SHgCl, m.p. 
152.0-153.5® dec. (1)) accompanied by (13% yield (1)) of 6is-(/9-ethoxycthyl) sulfide, b.p. 
229® cor., also obtd. (51% yield (1)) from 6 -f ale. Na2S.] 

[C with excess NaOCeHs in ale. htd. 10 days gives (1) |8-phenoxyethyl ethyl ether 03- 
ethoxyphenetole), b.p. 230°. — C with disodium salt of hydroquinone (1 : 1590) gives (14) 
hydroquinone bis- (/3-ethoxyethyl ether), m.p. 34-35°, b.p. 210-212® at 25 mm. (14).J 
[C with diethyl malonate 4- ale. NaOEt gives (14% yield (1)) cf. (15) diethyl /8-ethoxy- 
ethylmalonate, b.p. 134-138® at 15 mm. (1), 118-119® at 6 mm. (15); = 1.0199 (15).] 

[C with aniline refluxed 2 hrs. gives (1) AT- (/3-ethoxyethyl) aniline, b.p. 262-263® cor.] 
[For reactn. of C + NaNH2 with a-picoline, with 7-picoline, and with /3-collidine see 
(16).] 


3:7463 (l) Swallen, Boord, J. Am. Chem. Soc. 5Z, 653-659 (1930). (2) Ernst (to A. Wacker Soc. 

Elektrochom. Ind.), Ger. 537,696, Nov. 5, 1931; Cent. 1933, I 1153; C.A. 36, 1297 (1932). (3) 

Henry, BnU. soc. chim. (2) 44, 459 (1885); Compt. rend. 100, 1007 (1885). (4) Karvonen, Ann. 

Acad. Set. Fennicae 6-A, 1-139 (1914); Cent. 1919, III 807; C.A. 14, 2176 (1920). (5) Sklyarov, 

J. Gen. Chem. {U.S.S.R.) 9, 2121-2125 (1939); Cent. 1940, II 199-200; C.A. 34, 4055 (1940). 
(6) Mohler, Sorge, Helv. Chim. Acta 33, 1208 (1940). (7) Karvonen, Ann. Acad. Set. Fennicae 
3-A, No. 7, 1-103 (1912) ; Cent. 1913, II 1270. (8) Chalmers, Can. J. Research 7, 464-471 (1932); 

Cent. 1933, I 1759; C.A. 37, 701 (1933). (9) Hurd, Fowler, J. Am. Chem. Soc. 61, 251 (1939). 

(10) Smith, Ungnade, Austin, Prichard, Opie, J. Org. Chem. 4, 339 (1939). 

( 11 ) Dutta, J. Indian Chem. Soc. 17, 652 (1940). (12) Suknevich, Chilingaryan, J. Gen. Chem. 

3, 783-789 (1932); Cent. 1933, II 1170; C.A. 37, 2670 (1933). (13) Rojahn, Lemme, Arch. 

Pharm. 363, 623 (1925). (14) Sexton (to Imperial Chem. Ind., Ltd.), U.S. 2,056,299, Oct. 6, 

1936; Cent. 1937, I 1798; C.A. 30, 8641 (1936). (15) Palomaa, Kenetti, Ber. 64, 800-801 (1931). 
(16) Chichibabine, BuU. soc. chim. (5) 5, 439-441 (1938). 


3 ; 7464 /J-CHLOROETHYL VINYL ETHER C 4 H 7 OCI 

CH2— CH2— G— CH==CH2 


Cl 


Beil. 1 — 

11- 

12- (473) 


B.P. 

109® cor. at 740 mm. ( 1 ) 


Dll = I.OB2S U) 



3 : 7464 - 3:7465 


/3-CHLOROETHYL VINYL ETHER 


1040 


[For prepn. of C from /9,/9'-dichloro(liethyI ether (3:6025) with solid N20H at 200® <1) 
or with triethanolamine + solid NaOH (70% yield ( 2 )) see indie, refs.] 

C is stable toward alkalies but with dil. acids even in cold is readily and quant, hydrolyzed 
(1) to /9-chloroethanol (3:5552) and acetaldehyde (1:0100). 

[C with diethyl sodiomalonate ^ves (73% yield ( 1 )) diethyl i 8 -(vinyloxy)ethyl malonate, 
b.p. 130-135® at 9 mm., D\l - 1.0575 (1); this prod, condenses (1) with urea to give 5- 
09 -(vinyloxy )ethyl)barbituric acid (whose properties appear to be subsequently unreported) 
which itself with dil. mini, acid hydrolyzes to give 5 - (jS-hydroxyethyl) barbituric acid, m.p. 
above 300® (3). — For analogous reactions of C with various diethyl alkylmalonates and 
reaction of the products with urea to give the corresp. 5-alkyl-5-03-(vinyloxy)ethyl)- 
barbituric acids see (3). — C with diethyl phenyl-sodio-malonate in s.t. at 140-145° for 
14 hrs. gives (52% yield (4)) diethyl 5-phenyi-5-08-(vinyloxy)ethylmalonate, b.p. 196-f97® 
at 17 mm., ^ 1.098; this prod, with urea gives (4), 5-phenyl-5-08-(vinyloxy)ethyl)- 
barbituric acid which upon hydrol 3 rsis with dil. acid gives (10% yield (4)) 5-phenyl-5- 
(/S-hydroxyethyi)barbiturio acid (“ hydroxyluminal ”).] 

[C with phenylacetonitrile gives (50% yield (4)) phenyl- OJ-vinyloxyethyl)acetonitrile, 
b.p. 147® at 8 mm., * 1.029 (4).] 

[For use of C in prepn. of cellulose ethers see (5).] 

8:7464 (l) Cretcher, Koch. Pittenger, J, Am. Ch&n. Soc. 47, 1175-1176 (1925). (2) Chitwood. 
Perkins (to Carbide and Carbon Cbem. Corp.). U.S. 2,104,717, Jan. 4, 19, ’iS; Cent. 1938, 1 4236; 
(C.il. 82, 1712 (1938)]: French 816,148, July 6, 1937; Cent. 1937, 11 4238; C.A. 32, 1278 (1938). 
(3) Cretcher, Koch, Pittenger, J. Am. Chem. 47, 3083-3086 (1926). (4) Nolson, Cretcher, 
J. Am. Chem. Soc. 69, 2761-2762 (1928). (6) Hahn (to du Pont Co.), U.S. 2,082,797, June 8, 
1937; Cent. 1937. II 3838; C.A. 31, 6577 (1937). 

3: 7465 4-CHLORO-2-METHYLBXTTENE-2 C.H 9 CI BeU. I • 214 

( 7 ,Y-Dimethylallyl chloride; Cl CH» Ii-( 88 ) 

isoprene hydrochloride) (!;H. CH CII. IfdOl) 

BJ>. 109" (1) - 0.9335 ( 1 ) nf? = 1.43975 (4) 

36-33® at 40 mm. (4) 

Colorless liq. with odor like allyl chloride. — C darkens on stdg. and loses HCl on distn. 

( 1 ». 

[For prepn. of C from 2-methylbutadiene-l,3 (isoprene) (1:8020) by 1,4-addn. of dry 
HCl gas see ( 1 ) (4).] 

C on htg. in s.t. with KOAc + AcOH ( 1 ) or passed over Ti 02 at 425-450® at reduced press, 
( 3 ) loses HCl yielding isoprene (1 : 8020), b.p. 34®. 

C reduces alk. KMnOi (1). 

C in cone. HCl satd. with HCl gas gives (94% yield (1)) 2,4-dichloro-2-methylbutane 
(3:8105), b.p. 145-146® (1) cf. (4). 

C in CHCls adds 1 Br 2 , yields ( 1 ) 2,3-dibromo-4-chloro-2-methylbutane, oil decomposing 
on distn. even under reduced press. ( 1 ). 

[For behavior of C with AlCls see ( 2 ).] 

8:7465 (1) Aschan, Ber. 51, 1303-1307 (1918). (2) Thomas, Carmody, Am. Chem. Soc. 55. 
3855 (1933). (3) MlUler-Cunradi (to I.G.), Qer. 565,160, Nov. 26, 1932. (4) Soday (to United 
Gas Improvement Co.), VS. 2,376,396, May 22, 1945; C.A. 86 , 3548 (1945). 
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3:7470-3:7475 


3:7470 1-CHLOROPBNTSNB-S C^«a BeiLI — 

( 7 -EthylaUyl chloride) CH 8 .CHs.CH=CH.CH 2 Cl Ii— 


B.P. 109-110® 

<1) (2) 

JD^ ~ 0.9095 (3) 

fc-(184) 

- 1.4347 <3> 

109.6® 

(3) 


. 

106-108® 

(4) 

- 0.908 (4) 

ng ® - 1.4352 (4) 


62-63.3° at 148 mm. (5) 

Note. 0 by virtue of facile allylic transposition is readily converted to an equilibrium 
mixt. with its synionic isomer 3-chloropentene-l (3:7260) q.v.; reactns. of C may there- 
fore frequently yield also the corresponding derivatives of the isomer. 

[For prepn. of C (or its mixt. with 3-chloropentene-l (3:7260)) from penten-2-ol-l 
with dry HCl gas at 0“ <5) <7), with PCls -h pyridine <4) (7), or with SOCI 2 in ether (6) 
see indie, refs. ; for prepn. of C from 3-chloropentene-l (3 : 7260) by htg. at 225® (60-62% C) 
see (6) (3).] [C is separable from the accompanying isomer by careful fractional distn. 

(7) (5).l [For fornm. of G (together with other products) from pentene-2 (1:8215) + 
CI2 in CCI4 see ( 8 ).] 

C on long shaking with aq. Na 2 C 03 gives (7) in poor yield penten-2-ol-l (p-nitrobenzoate, 
m.p. 53®) accompanied by niuch penten-l-ol-3. — C on htg. with ale. KOH gives <3) (7) 
in poor 3 deld the corresp. ethyl ether, viz., l-ethoxypentene-2, b.p. 123®, D?? * 0.7930, 
Hd « 1.4099 <3), accompanied by the isomeric 3-ethoxypentene-l, b.p. 102®, Z>!? » 0.7768, 
ng = 1.3986 <3>. 

[For study of reactns. of G with KOAc in AcOH, with AgOAc, with A'-methylaniline, 
with diethylamine, etc., see (7); for reactn. of C with phenol in pres, of K 2 CO 8 -f- acetone 
see <5).] 

® ^-(Penten-2-yl-l)phthalimide [N-( 7 -ethylallyl)phthalimide]: colorless rhombic 
cryst. from ale., m.p. 69-70® (7). [From G on htg. with K phthalimide in a 8.t. at 
190-200® for 2}^ hrs.; note that some of the corresp. deriv. from the isomer, viz., N- 
(a-ethylallyl)phthalimide, m.p. 78-79®, is formed to extent of about 10% (7).l 

3:7470 (1) Mumm, Richter, Ber. 73, 858-860 (1940). (2) Mumm, Hornhardt, Diederichsen, 
Ber. 72, 107 (1939), (3) Prevost, Compt. rend. 187, 1053-1054 (1928). (4) Gredy, BvU, boc. 

chim. (5) 4, 419 (1937). (5) Lauer, Filbert, J, Am. Chem. Soc. 1388 (1936). (6) Prevost, 

BuU. 8 OC. chim. (4) 49, 264r-267 (1931). <7) Meisenheimer, Link, Ann. 470, 254-277 (1930). 

(8) Stewart, Weidenbaum, J. Am. Chem. Soc. 68, 98-100 (1936). 

3:7476 3-CHLORO-2,2-DIMETHyLBUTANE CeHisCl BeU. S.N. 10 

(Pinacolyl chloride; CHs H 

^cr-butyl-methyl-carbinyl chloride) 


B.P. 109.9® at 734 mm. <1) « 0.8767 (1) ng » 1.4181 (1) 

[For formn. of C (11%) from 2,2-dimethylbutane (neohexane) (1:8510) on chlorination 
see (1).) [Note that the corresp. ale. (pinacolyl ale.) (1:6186) with HCl does not give G 
but rather rearr. prods. (2).] 

C with Mg in dry ether gives RMgCl which with oxygen yields (1) pinacolyl ale. (1 : 6186) 
q.v. 

(9 Pinacolyl mercuric chloride (CeHisHgOl): cryst. from dil. ale., m.p. 89-90® (3); 

89.5-90® (2). [From RMgCl + HgCh in ether.] 
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3:7475 <l) Whitmore, Bernstein, Mixon, J, Am, Chem, Soc, 60, 2539 (1938). <2) Whitmore, 
Rothrock, J. Am. Chem. Soc. 65, 1106-1109 (1933). (3) Whitmore, Bernstein, J. Am. Chem, 
Soc. 90, 2627 (1938). 


3:7480 

3,8-DICHLORO-2-METHYLPROPENE-l C4H6CI2 

(l,r-Dichloro-2-methylpropene-2) Cl CHj 

1 1 

B«il. S.N. It 



HC— C=CHj 


B.P. 

108-112® at 762 mm. (1) 

49-50® at 120 mm. (1) 

Cl 

= 1.1363 (1) 

nS* = 1.4523 <1) 


Note. C by virtue of allylic transposition may yield derivatives of its synionic isomer 
l,3-dichloro-2-methylpropene-l (3:5590) q.v. 

{For prepn. of C (68% yield together with 32% yield of l,l,2-trichloro-2-methylpropane 
(3:5710)) from l-chlor(>2-methylpropene-l 03,/8-dimcthylvinyl chloride) (3:7120) with 
CI2 (1 mole) + NaHCOs (1.5 moles) at 0® see (1).] 

C on htg. under reflux gives (by allylic transposition) l,3-dichloro-2-methylpropene-l 
(3:5590), b.p. 132®. 

C with O3 followed by hydrolysis yields (1) a,o!-dichloroacetone (3:5430) + methyl- 
glyoxal (propanone-2-al-l) [Beil. 1-762; Ii-(395), I2-(819)1. 

3:7480 <1) Tishchenko, J. Oen. Chem. iU.S.S.Rd 8. 1232-1246 (1938); Cent. 1939, II 4223; 
C.A. 33, 4190 (1939). 

3:7485 1-CHLORO-2.METHYLBUTENE-2 CH3 CsHgCl 
(^,,-Dimethylallyl chloride) cH,_CH=(i-CH,Cl 

B.P. 110“ at 760 nun. (1) = 0.9327 <l> 

10S-110“ (2) 

20.9-26.4° at 26 mm. (1) = 0.9324 (2) 

Note. C by virtue of facile allylic transposition is in equilibrium with its synionic 
isomer 3-chloro-2-methylbutene-l (3 : 7300) ; reactns. of C therefore may also yield deriva- 
tives related to its isomer. 

[For prepn. of C (or its mixt. with the synionic 3-chloro-2-methylbutene-l (3:7300)) 
by actn. of CI2 as specified (1) on “ tertiary amylene ” (a mixt. consisting mainly of 2- 
methylbutene-2 (1:8220) with some 2-methylbutene-l (1:8210)) ^ (1). — The relative 
amt. of C and its isomer is not constant but usually is about 40% of C with 60% of 3-chloro- 
2-methylbutene-l (3:7300), the ratio, however, being independent of the proportion of 
the two olefins in the starting material.] 

[For formn. of C from 2-methylbutene-2 (1:8220) with CI2 see (2); from 2-methylbutene-l 
(1:8210) see (3); for prepn. of C (together with other prods.) from l-chloro-2-methyl- 
butanol-2 (3:8175) by distn. with anhyd. oxalic acid <4) or with AC2O + cone. H2S04 
(5) see (4) (5); for prepn. of C from 2-methylbuten-2-ol-l with PCI3 + pyridine see (1).] 

C on hydrolysis gives not only the ale. corresponding to C but also that corresp. to the 
isomeric 3-chloro-2-methylbutene-l (3:7300) together with a little ketone: thus C on 
hydrolysis with 12 pts. aq. at 70® for 16 hrs. gives (6) 25% ale. A (2-methylbuten-l-ol-3) 
[iV-(a-naphthyl)carbamate, m.p. 91.5-93® <6)1 4- 50% ale. B (2-methylbuten-2-ol-l) 
[JV-(a-naphthyl)carbamate, m.p. 103-103.5® <6)] + 5% isopropyl methyl ketone (1:6410); 


Beil. I — 

11- 

12- (189) 


= 1.4481 (1) 
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C on hydrolysis with 2 pts. aq. -f 1 mole CaCOa for 4 hrs. at 70° gives (6) 60% ale. A + 
30% ale. B + 6% isopropyl methyl ketone (1 :5410); C on hydrolysis with CaO for 1^ hrs. 
gives (6) 70% ale. A -H 25% ale. B + a traee of ketone. 

[For study of reaetn. of C with Nal (4) and its rate of reactn. with KI in aeetone at 20° 
(7) or with NaOEt in ale. at 35° (7) see indie, refs. ; the reaetivity of the halogenation of 
C is greater than that in crotyl chloride (l-chlorobutene-2) (3:7205) and the latter in 
turn is more reactive than that in methallyl chloride (3-chloro-2-methylpropene-l) (3:7145) 
or allyl chloride (3:7035), which are about the same (4).) 

C on treatment with O3 followed by hydrolysis yields (3) (2) chloroacetone (3:7212) -f" 
acetaldehyde (1:0100). 

3:7485 (1) Bui gin, Enj?s, Groll, Hearne, Ind. Eng, Chem. 31, 1416 (1939). (2) Tishchenko, 
J. Gen. Chem. {U.S.S.R.) 6 , 1116-11.32 (1936); Cent. 1937, I 572; C.A. 31, 1003 (1937). (3) 
Gutner, Tishchenko, J. Gen. Chem. (U.S.S.R.) 8, 1062-1067 (1938); Cent. 1939, II 4221; C.A. 33, 
3755 (1939). (4) Chalmers, Trans. Roy Soc Can. (3) 22, III 74-77 (1928). (5) Seyer, Chalmers, 
Trans. Roy. Soc. Can. (3) 20, III 338 (1926). (6) Tishchenko, J. Gen. Chem. (U.S.S.R.) 6, 
1549-1552 (1936); Cent 1937, I 3785, C.A. 31, 2165 (1937). (7) Tamele, Ott, Marple, Hearne, 

Ind. Eng. Chem. 33, 118-119 (1941). 

3: 7487 ALLYL CHLOROFORMATE C4H5O2CI Beil. HI - 12 

(Allyl chlorocarbonatc) Cl.CO.O.CH2.CH=CH2 Uti — 

m2-(ll) 

B.P. 110-111.5° at 766 mm. (1) 

110 ° ( 2 ) 

Note that the prod, of b.p. 180°, formerly (3) supposed to have been C, is in fact (2) 
diallyl carbonate.^ 

[For prepn. of C from allyl ale. (1:6145) with phosgene (3:5000) (yield 37% (1)) (4) (2) 
see indie, refs.; note that some diallyl carbonate, b.p. 166° at 730 mm. (2), is also formed 
(2),1 

C in quinoline begins to decompose at 37° (5) (6) presumably into CO2 + allyl chloride 
(3:7035) although this is not specifically stated. 

[For reaction of C with diethylene glycol (1:6525), triethylene glycol (1:6538), etc., 
see (7).] 

3:7487 (l) Schving, Sabetay, Bull. soc. chim. (4) 43, 858 (1928). (2) Fierz-David, MQller, 

J. Chem. Soc. 126, 26 (1924). (3) Thiele, Dent, Ann. 302, 262 (1898). (4) Schving, French 

34,412, June 18, 1929; Cent. 1929, II 2829. <5) Carr6, Bull. soc. chim. (5) 3, 1072 (1936). (6) 

Carr5, Passedouet, Compt. rend. 201, 899 (1935). (7) Muskat, Strain (to Pittsburgh Plate Glass 
Co.), U.S. 2,370,565, Feb. 27, 1945; C.A. 39, 4526 (1945). 


3: 7490 2.CHLORO-2-METHYLPENTANE CsHiaCl 


(Dimethyl-rt-propyl-carbinyl 

chloride) 


CH3 

CH3.CH2.CH2 — CHa 


Cl 


Beil. I - 148 

11- ( 53) 

12- (lll) 


B.P. 


110-111° dec. at 734 mm. <1) 
110-113° (2) 

64.5-64.7° at 160 mm. <3) 


50-53° at 41 mm. (4) 

36-37° at 16 mm. (5) 


2 ^ = 0.863 (1) 

nf? - 1.4136 (3); cf. (1) 

Di® = 0.8678 <2) 

n}? * - 1.4176 (2) 



3:7490-3:7495 DIVISION B, SECTION 2 . 1044 

[For density of C at 0®, 15®, 26®, 60®, and 66®, together with parachors at 0®, 26®, 60®, 
and 75®, see <9),] 

[For prepn. of C from corresp. ale., dimethyl>n-propyl-K;arbinol (2-methylpentanol-2) 
(1:6190) with PCls (6), with HCl gas <1} <2), or with cone. HCl <4) (6) see indie, 
refs.; for prepn. (68% yield) from ethyl-isopropyl-earbinol (2-methylpentanol-3) (1:6194) 
with HCl as the result of rearrangement see <1); for formn. (together with other products) 
from reaction of 2-ethylbutanol-l (1:6223) with HCl + ZnCl 2 see (3); for formn. from 2- 
methylpentene-2 (1:8275) by addn. of HCl see <7) (8).] 

[For study of rate of reaction with KI in acetone see (5).] 

C with Mg in dry ether yields RMgCl; upon treatment with oxygen this gives (48% 
yield (1)) of dimethyl-yi-propyl-carbinol (2-methylpentanol-2) (1:6190) q.v. 

(© Dimethyl-n-propyl-acetanilide: m.p. 70.5-74® (3). [From C via conversion to RMgCl 
and reaction with phenyl isocyanate (3).] 

Dimethyl-n-propyl-acet-a-naphthalide: m.p. 116-118® (3). [From C via conversion 
to RMgCl and reaction with ce-naphthyl isocyanate <3).] 

3:7490 (l) Whitmore, Johnston, J. Am, Chem, Soc. 60 , 2266 (1938). (2) Schreiner, J. prakt. 
Chem, (2) 82 , 292-293 (1910). (3) Whitmore, Karnatz, J, Am, Chem. Soc. 60 , 2534 (1938). 
(4) Deschamps, J. Am, Chem. Soc. 42 , 2672 (1920). (6) Conant, Hussey, J. Am. Chem. Soc. 47 , 

486 (1925). (6) Butlerow, BuU. aoc. chim. (2) 6 , 23-24 (1866). (7) Nasarow, Ber. 70 , 613 (1937). 
(8) Nasarow, Ber. 70 , 622 (1937). (9) Quayle, Owen, Beavers, J. Am. Chem. Soc. 61 , 3107-3111 

(1939). 


3: 7495 d,M-CHLOR0.2-METHYLPENTAI^E CeHiaCl 


(djWsobutyl-methyl-carbinyl 

chloride) 


CHa H 

CH,— dj—CH,— (i— CH, 

i (il 


BeU. I — 
Ix- 


B.P. 111-112° at 773 mm. (1) 


= 0.861 (1) n|>® =. 1.4113 <1) 


[For prepn. of C from 2-methylpentanoI-4 (1:6199) with dry HCl for 18 weeks (82% 
yield) see <1); for formn. of C (together with other products) in reaction of 2-ethylbutanol-l 
(1 :6223) with HCl + ZnCla see (2).J 

C with Mg in dry ether yields RMgCl which with O 2 gives (62% yield <!)) 2-methyl- 
pentanol-4 (1:6199) [N-(a-naphthyl)carbamate, m.p. 93.5-94.6® (2)]; this ale. upon 
oxidn. with Cr 03 /H 2 S 04 yields (2) 4-methylpentanone-2 (1:6430) q.v. 


8:7495 (l) Whitmore, Johnston, J. Am, Chem, Soc, 60 , 2267 (1938). (2) Whitmore, Earnata, 
J. Am. Chem. Soc. 60 , 2636 (1938). 
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(3:7500-3:7999) 


3:7500 4-CHLORO-4-MBTHyLPEirrENB-l 

(2-Chloro-2-methylpentene-4) 
(AUyl-dimethyl-carbinyl 
chloride) 


CaHiiCl 


Cl 


CH2=CH-CH2--€-CH8 


B.P. 109-114* si. dec. (1) 


BeiLI-S17 

Ii- 


[For prepn. of C from 2-methylpenten-4-ol-2 (allyl-dimethyl-carbinol) [Beil. 1-445, I2- 
(487)] with PCls see fl).] 

3:7500 ( 1 ) M. Saytzeff, A. Saytzeff, Ann. 185, 156 ( 1877 ). 


3: 7520 l.CHLORO-2,3-DIMETHYLBUTENE-2 CeHuCl Beil. S.N. 11 

09,7,7-Trimethylallyl chloride) CH3 CHa 

■ CHa-i = (!)-CHiCl 

B.P. 111-112' at 766 nun. (1) Dj® = 0.8895 <1) n^® = 1.4315 (1) 

Note. C by virtue of allylic transposition would be expected to be in equilibrium with 
its synionic isomer 3-chloro-2,3-dimethylbutene-l(a,a,j8-triro3thylallyl chloride). The 
material described by (1) was regarded as C; the isomer seems to be unrecorded. 

[For prepn. of C (or its mixt. with 3-chloro-2,3-4imethylbutene-l ) in 90% yield from 2,3- 
dimethylbutene-2 (tetramethylethylene) (1:8290) with CI2 + NaHCOa at 0® see (1).] 

C on hydrolysis yields (1) a hexenol (regarded (1) as 2,3-dimethylbuten-l-ol-3 derived 
from the synionic isomer of C), b.p. 116-118®, = 0.835, nc = 1.4248 (1). 

3:7520 ( 1 ) Tishchenko, J. Gen. Chem. iU.S.S.R.) 8, 1232-1246 ( 1938 ); Cent. 1080, II 4222 ; 
C.A. 33, 4190 ( 1939 ). 


3: 7626 o-CHLOROETHYL n-PROPYl ETHER C5H11OCI 

H 


Beil. I - 607 

11- 

12 — 


B.P. 112-116® at 781 mm, (1) 
47.6® cor. at 40 mm. (2) 


CH3.(!).O.n.C3H7 

- 0.9322 (2) = 1.4013 (2) 
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C decomposes considerably if distd. at ord. press. <3). 

[For prepn. (93% yield (2)) from paraldehyde (1:0170) + n^propyl ale. (1:6150) + 
dry HCl see (2) (3).J 

C on stdg. polymerizes to dark tarry residue (2). 

[C on bromination yields a,/8-dibromoethyl 7i-propyl ether (3).] 

C on shaking with aq. yields acetaldehyde (1 :0100), n-propyl ale. (1 :6150) HCL 

3:7525 (l) Gauthier, Ann. chim. (8) 16, 312 (1909). (2) Henze, Murchison, J. Am. Chem. Soc. 

53, 4077-4079 (1931). (3) Dykstra, Lewis. Boord, J. Am. Chem. Soc. 52, 3399-3400 (1930). 

3: 7530 2-CHLOROHEXENE-l Cl CeHuCl Beil. S.N. 11 

CHs.CHs.CH*.CH8— (I^CHs 

B.P. 

113° at 740 nun. (1) • 0.8886 (1) .= 1.4878 (1) 

109.5-110.5° at 735 mm. (2) 0.8878 (2) 1.4187 (2) 

[For prepn. of C from hexyne-1 (1:8055) with dry HCl + BiCU in CeHe (20% yield (1) 
together with 40% yield 2,2-dichlorohexane (3:9342)) or with AcCl + SnCU (15% yield 
<2) together with 37% 4-chloro-octen-3-one-2, b.p. 75-95° at 20 mm.) see <1) (2); for prepn. 
of C (60.5% yield (1» from 2,2-dichlorohexane (3:9342) with KOH in n-propyl ale. at 
95° see <1).] 

C in CCI 4 + SbCls treated with CI 2 at 35-40° gives (1) (3) cis-l,2-dichlorohexene-l 
(3:9330) (26.7% yield (1)) together with 25.4% 1,1,2,2-tetrachlorohexaiie (3:9332). 

3:7536 <l) Hennion, Walsh, /. Am. Chem. Soc. 62, 1367-1368 (1940). (2) Kroeger, Sowa, 

Nieuwland, J. Org. Chem. 1, 163-169 (1936). (3) Norris, Hennion, J. Am. Chem. Soc. 62, 450 
(1940). 

3:7535 3-CHLOROHEXENE-3 Cl CeHuCl BeU. S.N. 11 

CHs-CH,— (*)==CH.CH2 .CHs 

B.P. 113.0-113.5° at 748 mm. (1> = 0.8898 (1) nf? = 1.4380 (1) 

Two geom. stereoisomers of C are possible, but only this one is as yet recognized. 

[For prepn. of C from hexyne-3 (diethylacetylene) (1:8065) with AcCl -f SnCU see (1); 
(both cis and trans stereoisomers of 4-chloro-3-ethylhexen-3-orie-2 are also formed), 

3:7535 (l) Kroeger, Sowa, Nieuwland, J. Org. Chem. 1, 163-169 (1936). 


3: 7640 n-PROPYL CHLOROFORMATE C 4 H 7 O 2 CI Beil, m - 11 

(n-Propyl chlorocarbonate) n-CaHi.O.CO Cl nii-( 6) 

m 2 - (10) 

BJ>. 114r-115.5° at 768 mm. (1) = 1.0901 (1) ng* = 1.40350 (4) 

115.8 cor. (8) (3) 

C reacts but slowly with cold aq., more rapidly on warming, yielding n-propyl ale. 
(1:6160) + CO, -I- Ha. 

[For prepn. from n-propyl ale. (1:6150) + phosgene (3:6000) (42% yield (3)) see <2) 
<3).l 

C on htg. with ZnCU yields <5) propylene, COa, HCl; C on warming with pyridine 
or quinoline dec. at 66° into n-propyl chloride (3:7040) 4- CO 2 (6) cf. (7). 
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® n-Propyl AT-phenylcarbamate (n-propyl carbanilate) (Beil. XII-321]: from C + 
excess aniline in ether, cryst. from ale., m.p. 57-59® (8). 

3:7540 fl) Karvonen, Ann. Acad. Set Fennicae A-10, No. 4, 19 (1916); Cent. 1919, III 808. 
<2) Roese, Ann. 305, 227-230 (1880) <3) Hamilton. Sly, J. Am. Chetn. Soc. 47. 436^37 (1925). 

(4) Dobrosserdow, Cent. 1911. I 954. <5) Underwood, Baril, J. Am. Chem. Soc. 53, 2201 (1931). 

(6) Carr6, Bxdl. aoc. chim. (5) 3, 1069 (1936). (7) Fry, /. Am. Chem. Soc. 30, 260-261 (1914). 

(8) Roemer, Ber. 0, 1103 (1878). 

3:7545 CHLOROCYCLOPENTANE H 2 C— CH 2 v CsHgCl Beil. V- 19 

(Cyclopentyl chloride) 1^ Vi-( 4) 

B.P. 114r-115.5® cor. (1) = 1.0051 (1) (2) n?? = 1.4510 (1) 

114-115° at 748 mm. (2) 1.005 (4) 1.4509(2) 

114.1-114.9° (3) 

114° (4) 

[For prepn. of C from cyclopentanol (1:6412) with boilg. cone. HCl -f- CaCb (87% 
yield (5)) (6), or with cone. HCl at 110° (87% yield (2)) (1) (7) (8), or with PCI 3 at 0° 
(3) (4) see indie, refs.] [Some cyclopentene (1:8037), b.p. 34°, may also be formed but is 
readily sepd. by distn.j [For prepn. of C from cyclopentane (1:8400) with CI 2 see (13).] 

C over BaCL at 300-400° at 15-20 mm. yields (9) cyclopentene (1 :8037). 

[C with Celle + AICI3 gives (54% yield (10)) phenylcyclopentane (cyclopentylbenzene), 
b.p. 217°, 7 ) 4 ® = 0.9474, nf? — 1.5280 (10); for reactn. of C wdth 2-methylpyridine (a- 
picoline) see (11); for reactn. of C with Na 2 S 03 at 200° see (4).] 

C with Mg in dry ether gives (1) (2) (5) (7) cyclopcntyl MgCl; this with CO 2 gives (1) (7) 
cyclopentanecarboxylic acid [Beil. lX-6], b.p. 215 5-216° cor., D*® = 1.0510, ni? = 1.4534 
(1) (amide, Ifts. from MeOH, m.p. 179° cor. (1), 178° (12)). 

® Cyclopentyl mercuric chloride CeHgHgCl: m.p. 108.5° (4). [The method of formn. 
of this den\. is not stated but is presumably from RMgCl HgCl 2 .j 

3:7545 (l) Zclinskil, Ber. 41, 2627-2628 (1908). (2) Zelin-skil, Mikhlina, Eventova, Ber. 00, 
1422-1426 (1933). (3) Kohlrausch, Reitz, Stockman, Z physik. Chem. B-33, 235 (1936). (4) 

Turkiewicz, Pilat, Ber. 71, 284-285 (1938). (5) Pilat, Tuikiewicz, Ber. 72, 1527-1531 (1939). 
(6) Yarnall, Wallis, J. Org. Chem. 4, 287 (1939). (7) Neunhoffer, Schlutor, Ann. 526, 70 (1936). 
(8) Canals, Mou.sseron, Granger, Gastaud, Bull. soc. chivi. (5) 4, 2048 (1937). (9) Badische 

Aiiiliii u. Sodafabrik, Ger. 255,538, Jan. 3, 1913, Cent. 1913, I 477. (lO) Zelinskil, Titz, Bet, 64, 
185 (1931). 

( 11 ) Tschitschibabine, Bull. soc. chim. (5) 5, 435 (1938). (12) Nenitzescu, Cantuniari, Ber. 

05, 811 (1932). (13) Bailey, MeAlli.stei (to Shell Development Co.), U.S. 2,342,072, Feb. 16, 

1944; C.A. 38, 4621 (1944). 

3: 7550 1,1-DICHLOROBUTANE CH 3 .CH 2 .CH 2 .CHCI 2 C 4 H 8 CI 2 Beil. I - 119 
(ri-Butylidene (di)chloride) Ii — 

I 2 - 

B.P. 114.3-115“ at 763 mm. (1) = 1.0863 (7> ng* = 1.4355 (7) 

113.8-113.9“ (2) 

113-115“ (3) (7) 

[For prepn. (47% yield (4)) from n-butyraldehyde (1:0130) by actn. of PCI 5 (39% 
yield (9)) see (4) (2) (3) (9); for formn. from butane by chlorination see (5) (6); for formn. 
from n-butyl chloride (3:7160) on chlorination see (7) (8).] 
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[C on passing over alkali (NaOH, KaCOs, soda-lime, etc.) at elevated temperatures 
(e.g., 700-750®) yields (6) butadiene-1,3.] 

(C with boilg. said. n-BuOH/KOH loses 1 HCl giving (64% yield (9)) 1-chlorobutene-l 
(3:7110).] 

8:75M (1) Tishchenko, J. Gen. Chem. (U.S.S.R.) 8, 1232-1246 (1938); Cent. 1989, II 4223. 
(2) Kohlrausch, K5ppl, Monatah. 65, 197 (1935). (3) Meyer, Petrenko-Kritschenko, Ber. 25, 
3308 (1892). {4) Henne, Renoll, Leicester, J. Am. Chem. Soc. 61, 940 (1939). (5) Muslut 

(to du Pont), U.S. 2,038,593. April 28, 1936; Cent. 1936, 11 3358. (6) Muskat (to du Pont), 
U.S. 2,070,609, Feb. 16, 1937; Cent. 1937, II 2597. (7) Tishchenko, Churbakov, J. Gen. Chem. 
iU.S.S.R.) 7, 893-896 (1937) ; C.A. 31, 5755 (1937) ; Cent. 1938, II 2575. (8) Muskat. Northrup, 
J. Am. Chem. Soc. 52, 4050-4052 (1930). (9) Henne, Hinkamp, J. Am. Chem. Soc. 67, 1197 
(1945). 


3:7555 4-CHLORO-2,2-DIMETHYLBUTANE CHs CeHuCl Beil. S.N. 10 
(Neopentylcaxbinyl chloride) 

(ijH, 

B.P. 115® (1) <2) Dj® « 0.8670 (2) nfj = 1.4161 (1) 

41® at 50 mm. (2) (3) 1.4160 (2) (3) 

[For prepn. of C (60% yield) from corresp. ale. (neopentylcarbinol) (1:6219) with 
SOCla + pyridine see (1); for prepn. of C from ter-butyl chloride (3:7045) + ethylene in 
presence of AICI3 (75% yield), FeCla (57% yield), or BiCU (6-30% yield) see (2).] 

C with Mg -f- dry ether yields RMgCl which with oxygen yields <1){2) neopentylcarbinol 
(1:6219) q.v. 

Neopentylcarbinyl mercuric chloride (CeHisHgCl): m.p. 133-133.5® (1). [Prom 
RMgCl + HgCla (1).] 

7,7-Dimethyl-n-valeranilide: ndls. from dil. ale., m.p. 138-139® (2). [From C via 
conversion to RMgCl and reaction with phenyl isocyanate (2).] 

3:7555 (l) Whitmore, Bernstein, J. Am. Chem. Soc. 60, 2626-2628 (1938). (2) Schmerling, 
J. Am. Chem. Soc. 67, 1152-1154 (1945). (3) Schmerling, J. Am. Chem. Soc. 67, 1782-1783 
(1945). 


3:7560 ISOVALERYL CHLORIDE 

08-Methyl-ti-butyryl chloride) 


B.P. 

[117.9® at 766 mm. <1)] 

114.5-115.5® at 771 mm. <2) 
115.5® at 741 mm. (3) 

114.3-115.7® <4) 

114.5- 115.5® <5) 

113.5- 114.5® at 726.7 mm. (6) 


C6H9OCI 

CH8.CH.CH2— c=o 

in, 

= 0.9854 ( 2 ) 

Dl^ = 0.9887 ( 6 » 
0.9862 ( 3 ) 
0.9844 ( 1 ) 


BeU. n - 315 
ni-(i37) 
ns-(277) 


- 1.41361 <2) 

- 1.4157 (3) 
1.41565 (6) 
1.41488 (1) 


[For prepn. of C from isovaleric acid (1 : 1050) with PCI3 <7) (8) (9), with PCI3 + ZnCl2 
(79% yield (10», with SOCI2 (72% yield <10)) (1) (5) see indie, refs.; note that use of 
PCli is inadvisable since the by-prod., POCI3, boils too close to C.] 

[C htd. with K isovalerate yields <11) isovaleric anhydride [Beil. 11-314, IIi-(137), 
Il2-(277)], b.p. 215.1-215.3® at 762 mm., 102-103® at 15 mm. (11 ), dJ? « 0.9327, n?? - 
1.4043 (12).] 
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[C with Cii in CCU yields (8) oi-chloroisovaletyl chloride (3:8144), b.p. 148-140* (to* 
gether with some /J-chloroisovaleryl chloride).] 

(C on cat. hydrogenation using Pd as specified (13) gives 95% yield isovaleraldehyde 
(1:0140), b.p. 92° (13) (use of Pt02 gives (14) only smaU yield).] 

[For leactn. of C with acetylene + AICI3 in pet. eth. at 0-5°, yielding on treatment with 
aq. /J-chlorovinyl isobutyl ketone, b.p. 63-65°, see (15); with cydohexene -|- AlClj in cyclo- 
hexane yielding cyclohexyl isobutyl ketone, b.p. 216-219°, = 0.8867, nf? = 1.58155, 

see (16); with sodium azide in benzene yielding isobutyl isocyanate see (17).] 

C on hydrolysis yields isovaleric acid (1:1050), b.p. 176.5°. — For the amide, anilide, 
p-toluidide, and other derive, corresp. to C see isovaleric acid (1 : 1050). 

S:7<M (1) Leimu, Ber. 70, 1049 (1937). (2) von Auwers, Schmidt, Ber. 40, 474 (1913). (3) 
Martin, Partington, J. Chem. See. 1036, 162. (4) Kohlrausch, Pongratz, Z. phytik. Chm. 
B-22, 382 (1933). (5) Bardan, Cent. 1032, 11 354. (6) Briihl, Ann. 203, 24 (1880). (7) B4- 
ehamp, JoAret&er. 18M, 429. (8) Michael, Ber. 34, 4055-4056 (1901). (9) Scheuble, Ger. 
251,806, Oct. 8, 1912; Cent. 1012, II 1503. (10) Clark, BeU, Trane. Roy. Soe. Can. (3) 27, III, 
97-103 (1933). 

(11) Verkade, Bee. fro*, ehitn. 30, 197 (1916). (12) Tromp, Ree. trav. chim. 41, 299 (1921). 
(13) Froschl, Danoff, J. prakt. Chem. (2) 144, 221-222 (1935). (14) Grlgnard, Mingamnn, 
Compl. rend. 185, 1176 (1927). (15) NcUea. Baeyer (to I.G.), Brit. 461,080, March 11, 1937; 
Ger. 642,147, Feb. 25, 1937; Cent. 1037, II 2597; C.A. 31, 4676 (1937). (16) Nenitzescu, Cioran- 
eecu, Ber. 60, 1823 (1936). (17) Naegeli, GrOntuch, Lendorff, Ueh. Chim. Aeta 12, 247-248 
(1929). 


3: 7563 <f,l-l-CHLOR0.2.MKTHYLPENTANE (3.Hua 

CH| Cl 

CH1.CH2.CH2-A - iiEi 

B.P. 110-120° (1) 

[For prepn. of C from levorotatory 2-methylpentanol-l with PCls in CHCU or from 
dextrorotatory 2-methylamylamine with N(X!1 see (1).] 

3:7563 (1) Levene, Mikesa, J. Biol. Chem. 84, 579-580 (1929). 


Beil. I — 

Ii- 

I»-(lll) 


3:7565 <f,l-8-CHLORO-2-METHYLPENTANE 
(Ethyl-isopropyl-carbinyl chloride) 


Csflua 
Cl CH| 

CH|.CH»-(!)-(!5-CHi 


BJ>. 115-116.5° dec. at 762 mm. (1) 


Beil. I - 148 
Ii- 

I*-(lll) 


[For prepn* of C from 2-methylpentanol-3 (1:6194) with PCI5 see (1).] 
8:7565 (l) Grigorowitseb* Pavlov, J, Rum. Physe-Chme Soc* 88, 166 (1891). 
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3:7580 me^2,3-DlCHLOROBnTAN£ C 4 H 8 CI 2 Beil. I — 


(mesoiS-Butylene dichloride) CHs — CH — CH — CH3 Ii — 



ii 

(ii 

fc-(82) 

B.P. 

F.P. 



116.0® 

(1)<2) -80.4® (1) 

= 1.1023 ( 6 ) 


115.9® 

at 760 mm. (3) 

„26 

= 1.4395 ( 6 > 

115.6-116.5® 

cor. at 746 mm. <4) 


1.4392 ( 6 ) 

114-116® 

<5) 


1.4386 < 6 ) 

113.14® 

at 746 mm. ( 6 ) 


1.4385 ( 6 ) 

49.59® 

at 80 mm. < 6 } 

= 1.1134 (5) 


49.0-60.6® 

at 80 mm. <7) 

1.1067 (2) 


49.4-49.7® 

at 80 mm. < 6 > 

"d 

= 1.4413 (2) 

48.5-49.0® 

at 80 mm. ( 6 ) 


1.443 (5> 


[See also d,U2,Z~dichlorobtitane (3:7615).] 

[For prepn. of C from frans-butcnt>2 with CI2 in light (63% yield (6)) (7) cf. (5) indie, 
refs.; for formn of C from d,i-crt/(/i/'a-3-chlorobatiinol-2 (3:8004) (16% yield (6)) or from 
(-b) iyireo-3-chlorobutanol-2 (3:8002) (15% yield (6)) with SOCI2 see (6) (note that from 
d,i-cr2/fAro-3-chlorobutanol-2 with PCls in CHCI3 a mixt. of C + its d, /-isomer (3:7615) 
is obtd. (6)); for formn. of C from d,/-2-chlorobutane (3:7125) with CI2 in light (42.7% 
yield) see (2).] 

[C with CI2 (slight excess) in dark at —17® gives (5) 36.5% 1,2,3-trichlorobutane (3: 5935) 
-f 18% 2,2,3-trichlorobutane (3:5680).] 

[C with ale. KOH gives same results as does the d, /-isomer (3: 7615) (3).] 

3:7580 (1) Timmermans, Bull. soc. chim. Belg. 36 , 504 (1927). (2) Tishchenko, Churbakov. 
J. Gen. Chem. (U.S.S.R.) 7 , 663-666 (1937); Cen/. 1937 , II 372, C.A. 31 , 5754 (1937). (3) Navez, 

Bull. soc. chim. Belg, 39 , 435--439 (1930). (4) Lucas, Simpson, Carter, J. Am. Chem. Soc. 47 , 

1467 (1925). (5) Tishchenko, Churbakov, J. Gen. Chem. (U.S.S.Ii.) 6 , 155:1-1558 (19:16); Cent. 

1937 , I 3785; C.A. 31 , 2165 (1937). (6) Lucas, Gould, J. Am. Chem Soc. 63 , 2541-2545 (1941). 

( 7 ) Taufen, Murray, Cleveland, J. Am. Chem. Soc. 65 , 1131-1132 (1943). 


3:7585 3-CHLORO-3-METHYLPENTANE 
(Diethyl-methyl-carbinyl chloride) 


CeHiaCl 

CH., 


CH3.CH2 — cLcH 2.CH3 
Cl 


Beil. I - 149 

11- ( 54) 

12- (112) 


B.P. 


116° 

( 1 ) 

115-118° 

( 2 ) 

115-117* 

(3) 


117-118® at 760 mm. (4) 
111® at 761 mm. (5) 


B.P. (contd.) 

85° at 280 mm. (5) 
69.5° at 160 mm. ( 6 ) 
68-60° at 160 mm. <7) 
35° at 26 mm. (4) 


Df = 0.8900 (4> 

ni? = 1.4210 <3> 
1.4208 <7) 
1.4202 < 6 ) 

= 0.8893 O) 

0.878 <3> 

niJ = 1.4215 (3> 


[For density of C at 0°, 16°, 25°, 50°, and 66° together with parachors at 0°, 25°, and 50° 
see {9).l 

(For prepn. of C from corresp. ale., diethyl-methyl-carbinoi (3-methylpentanol-3) 
(1:6189), with PCI, (8), HQ gas (1) (2) at 0° (5) or 10-15° (59% yield (7J) see indie, refs.; 
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with diphosgenfi (3:5515) see (4); for formn. from 3-methylpentene-2 (1:8250) -j- cone. 
HCl see (3); for formn. (together with other products) during reaction of 2-ethylbutanol-l 
(1:6223) with HCl + ZnCh see (6).] 

C with Mg in dry ether yields (7) corresp. RMgCL 

® Diethyl-methyl-acetanilide: m.p. 86.5-88.5® (6). [From C via conversion to RMgCl 
and reaction with phenyl isocyanate (6).] 

3:7585 (l) Schreiner, J. prakt. Chem. (2) 82, 295 (1910). (2) Gilman, Schulze, J. Am. Ckem. 
Soc. 49, 2330 (1927). (3) Naaarow, Ber. 70, 621 (1937). (4) Nekrassow, Melnikow, J. prakt, 
Chem. (2) 127, 217-218 (1930). (5) Favorskii, Zaleaskii-Kibardine, Bull. soc. chim. (4) 87, 1230 
(1925). (0) Whitmore, Karnatz, J. Am. Chem. Boc 60, 2535 (1938). (7) Whitmore, Badert- 

scher, J. Am. Chem. Soc. 55, 15G1 (1933). (S) Butlerow, Bull. soc. chim, (2) 5, 23-24 (1866). 
(9) Quayle, Owen, Beavers, J. Am. Chem. Soc. 61, 3107-3111 (1939). 


3:7590 l-CHLORO-2,2-DIMETHYLBUTANE CHa CeHiaCl 
(ier-Amyl-carbinyl chloride; I 

neohexyl chloride) C CHa 

CHa Cl 

B.P. 116.1® at 735 mm. (1) 

113.5-115® (2) 


Beil. S.N. 10 


nf? - 1.4200 (1) 
1.4190 (2) 


[For prepn. of C from 2,2-dimethylbutane (neohexane) (1:8510) with CI 2 in the cold 
see (2).] 

[C with Na yields (1) a mixt. of 4 compounds: 11.8% 1,1,2-trimethylcyclopropane, b.p. 

56.5-57® at 735 mm., />?? = 0.6967, /igf - 1.3880; 7.8% 2,2-dimethylbutene-3 («er-butyl- 
ethylene) (1:8225); 27.1% 2,2-dimethylbutane (neohexane) (1:8510); and 4.3% normal 
coupling prod., 3,3,6,6-tetramethyloctane, b.p. 125° at 140 mm., = 1.423.) 

3:7590 (l) Whitmore, Carney, J. Am. Chem. Soc. 63, 2633-2635 (1941). (2) Whitmore, Bern- 
stein, Mixon, J. Am. Chem. Soc. 60, 2539 (1938). 


3; 7595 a,a'-DICHLORODIETHYL ETHER 

(Ws-(a-Chloroethyl) ether) 


B.P. 116-147® (1) (2) 

112.5-114® (3) 


I Cl 

ciis-in. 

CHj— CIK 

ii 


CiHgOCl, 


Beil. 1 • 607 

Ii- 

h — 


= 1.106 (3) ii?>® - 1.4186 (3) 


Colorless liq. at first immiscible with aq. but grad, hydrolyzing (especially on warming) 
to acetaldehyde (1:0100) and HCl (1) (2). 

[For prepn. of C from acetaldehyde (1:0100) with dry HCl gas see (2) (1).] 

For identification hydrolyze C to acetaldehyde (1 : 0100) (3), derivatize the latter, e.g., 
via the p-nitro- or 2,4-dinitrophenylhydrazones. 

3:7595 (l) lieben, Ann. 106, 337 (1858). (2) Geuther. Laatsch, Ann, 218, 16-18 (1883). (3) 
Gebauer-F^elnegg, Moffett, J. Am. Chem. Soc. 56, 2009 (1934). 
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3:7597 2-CH1.0R0-S-MBTHnBT7TAN0NB-S CtHtOQ 

CHr-C— (!>-CHs 


Belt S.N. 87 


h hi 


B.P. 117.2* {!) - 1.0083 {!) - 1.42044 <1) 

(For prepn. of C from 2-metliylbutanone-3 (isopropyl methyl ketone) (1:6410) with 
SO 2 CI 2 in cold (84% yield <1)) or with CI 2 by vapor-phase chlorination <2) see indie, refs.) 

6 with 20% aq. Na2C08 refluxed for 37 hrs. gives (1) 2-methylbutanon-3-ol-2 (Beil. 
1-^2, Ii-(422), l2-(873)], b.p. 143“ (1). 

C with 40% aq. NaOH refluxed 20 hrs. gives (1) trimethylacetic acid (1:0410), b.p. 
163“, m.p. 35“ (1) (note structural change during this reaction). 

C with aq. KCN in cold for 1 hr. gives <1) 2,3-dimethyl-2,3-epoxy-n-butyronitrile, b.p. 
167.8“ at 747 mm., Df = 0.9314, = 1.41334 (1). 

8:7697 (1) Delbaere, BvU. aoc. chxtn. Belg. 61, 1-10 (1942); Cent, 1948, II 763-764; C.A. 87, 
6018 (1S43). (2) Justoni, Chimica e induatria {Italy) 84, 196-201 (1942); Cent. 1948, I 1659. 


3 : 7598 d,l-3-CHLOROBUTAlION£-2 H 

C 4 H 7 OCI 

BeU. I - 669 

(oe-Chloroethyl methyl ketone) I 

GHa — C — C — CHs 

A A, 

Ii-(348) 

li!-(731) 

B.P. 


B.P. (contd.) 

(6) D®. 


117-119“ (1) at 760 mm. 

(8) 

49-50“ at 70 mm. 

.. 1.033 (5) (15) 

114-117“ at 760 mm. 

(2) 

46“ at 40 mm. 

(10) 


119-117“ 

<3) 

32“ at 40 mm. 

(4) 


116“ at 770 mm. 

(4) 

40-41“ at 30 mm. 

(2) 


115“ at 768 mm. 

(5) (15) 

33-34“ at 30 mm. 

(7) 


, 115“ 

(6) 

26“ at 18 mm. 

(4) 


114-115“ 

(7) (16) 




114“ 

(9) 





[/Sec also l-ch2oro6utonone-2 (3:8012).] 

Liquid with penetrating odor. — Insol. aq., eas. sol. ale., ether. 

[For prepn. of C from ethyl methyl ketone (butanone-2) (1 : 5405) with CI 2 in pres, of 
CaCOs 4- aq. (yields of C about 75% always accompanied by 25% of the isomeric 1- 
chlorobutanone-2 (3:8012)) see <2) (6) (7) <10) cf. <11 ); with CI 2 as vapor-phase chlorina- 
tion see <12) (13) (14); with Cl 2 diluted with dry CO 2 see (15) (4); with CI 2 in sunlight see 
(5) (16); with SO 2 CI 2 in sunlight see (6) (16) (17) cf. (11); with iNT-chlorourea in dil. AcOH 
see (1) (8); for prepn. of C from acetyl chloride (3:7066) with ethylene over activated 
carbon at 100® and 60 atm. see (18) (note that acetyl chloride ethylene 4- AlCk at 0“ 
gives 4-chlorobutanone-2 (3:7640) q.v,); for prepn. of C from 2-chlorobutene-2 (3 :7105) 
with C32 4* aq. -f- CCU (66% yield) see (3),] 

[C on reduction using yeast (20) gives levorotatory 3-chlorobutanol-2,b.p. 139® (cf.3 : 8000), 
but with Zn 4- HCl (15) C 3 rields butanone-2 (1:6405).] 

C on oxidn. with cone. HNOa (6) (16) (20) yields a-chloropropionic acid (3:6125). 

C on hydrolysis with aq. in s.t. at 160“ for 6-8 hrs. (15), or C with ale. alk. (16) or MeOH/ 
KOH (21) in cold, gives (84% yield (21)) butanone-2-ol-3 (acetyl-methyl-carbinol) (aoetoin) 
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(1 : 5448) (as consequence of latter reactn. C reduces Tollens’ reagt. or Fehling's soln. in 
cold). 

C with satd. aq. NaHSOa soln. yields <15) a NaHSOa addn. cpd. 

[C with cone. aq. KCN. at 0° for 1 hr. gives (80% yield (21)) 2,3-epoxy-2-methyl-n^ 
butyronitrile (a-cyano-o{,/8-dimethyl‘-ethylene oxide), b.p. 145®, = 0.9540, nfj «» 

1.4079 (21); C with ale. KCN gives (21) a mixt. consisting mainly of the above prod, to- 
gether with a little a-methylacetoacetonitrile [Beil. III2- (433)1, b.p. 182-184® at 745 mm. 
with slight decompn. (22), b.p. 78® at 19 mm. (22), 68-70® at 12 mm. (23). (Note that the 
above represents a correction of the earlier views (5) (16) (24).)] 

[C with cone. aq. (NH4)2S03 at 70® yields (9) butanone-2-sulfonic acid-3. — C with 
NaNs in aq. contg. AcOH yields (10) 3-azidobutanone-2, oil, b.p. 46® at 2 mm.] 

[C with Na in abs. ether gives (15) by bimolecular coupling 3,4-dimethylhexanedione- 
2,5 [Beil. 1-798, Ii-(409), l2-(^7)], b.p. 210® (15), 82® at 11 mm.; note therefore that sodium 
must not be used for drying C cf. (24).] 

[C with triethyl orthoformate (1:3241) in abs. ale. in pres, of NH4CI as cat. gives (70% 
yield in 10 days but in absence of NH4CI only 39% (24)) o-chloroethyl methyl ketone 
diethylacetal, b.p. 80-84® at 36 mm., Df - 0.9773 (24).] 

[C with ethyl sodio-acetoaoetate in abs. ether (4) or abs. ale. (25) (26) (24) gives (yields: 
45-60% (24), 27-28% (26)) the expected ethyl a,/3-diaceto-n-butyrate [Beil. III-757, 
IIIi-(265), IIl2-(468)], b.p. 150® at 28 mm. (25), 121-124® at 11 mm. (26). — C with ethyl 
acetoaoetate (1 : 1710) -f- aq. NH4OH -H NHs gas htd. for 1 hr. gives (26% yield (4)) 
3-carbethoxy-2,4,5-trimethylpyiTole [Beil. XXII-31, XXIIi-(497)], yel. cryst. from ale. 
or pet. eth., m.p. 101.5-102.5® (4), 104-105® (27), also obtd. from the above ethyl «,/?- 
diaceto-n-butyrate with cone. aq. NH4OH on warming (4). — C with Tnethyl acetoacetate 
(1 : 1705) ,+ cone. aq. NH4OH in the cold gives (4) methyl /9-aminocrotonate, m.p. 82-84® 
(4), which only on htg. condenses with the ester to give 3-carbomethoxy-2, 4,5-trimethyl- 
pyrrole [Beil. XXII-31], cryst. from dil. ale., m.p. 124.5-126® (4). — C with methyl aceto- 
acetate (1:1705) + CH3NH2 (33% in aq.) refluxed for some hours gives only very small 
yield (28) of 3-carbomethoxy-l,2,4,5-tetramethylpyrrole, cryst. from Igr., m.p. 101® (28).] 

[C with diethyl acetonedicarboxylate (1:1772) in dry ether at —15° treated with NH3 
gas gives (10.7% yield (29)) 2-carbethoxymethyl-3-carbethoxy-4,5-dimethylfuran, b.p. 
11(^115® at 0.2 mm^ (29).] 

[For condens. of C with various phenols and phenol ethers see (30).] 

[C with ale. NHs gives (15) in the cold the difficultly isolatable 3-aminobutanone [Beil. 
IV-319, IVi-(452)], but on warming this condenses bimolecularly yielding (15) (8) tetra- 
methylpyrazine [Beil. XXIII-99, XXIIIi-(28)], ndls. with 3H2O from aq., m.p. 74-77®, 
but aq. lost in desic. to anhydrous prod., m.p. 86° (8) (corresp. picrate, m.p. 194-195® 
(31)). — e with aniline (2 moles) gives (15) on refluxing 2,3-dimethylindole [Beil. XX-319, 
XXi-(130)], m.p. 107-109® (15).] 

[C with thioformamide in abs. aic. for 4 days at 0® gives (22% yield (17)) 4,5-dimethyl- 
thiazole, b.p. 81-83® at 59 mm. (17) (corresp. picrate, cryst. from ale., m.p. 186-187® (17)). 
— C with NH4 dithiocarbamate in abs. ale. refluxed hr. gives (40% yield (17)) 2-mercapto- 
4,5-dimethylthiazole, cryst. from EtOAc, m.p. 163.5-163.8® (17). — C with benzamide -\- 
powd. CaC03 htd. at 110-120® for 10 hrs. gives (24% yield (32)) 4,5-dimethyl-2-phenyl- 
oxazole [Beil. XXVIIi-(219)], m.p. 50®, b.p. 128-130® at 5 mm. (32). —C with thiobenz- 
amide -f NaOAc htd. in abs. ale. gives (65% yield (32)) 4,5-dimethyl-2-phenylthiazole, 
b.p. 126-128® at 6 mm. (32).] 

<0 8-Chlorobutan(me-2 semicarbazone: m.p. 148®, or on slow htg. 143-145® dec. (33), 

12r (1). 
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3:7598 (l) B6hal, Detoeuf, Compl. rend. 153, 1230 (1911). (2) Kling, BuU. aoc. chim. (3) 33, 
325-326 (1906); Ann. chim. (8) 5. 537-539 (1905). (3) Groll, Hearne (to Shell Development 

Corp.), U.S. 2,060,303, Nov. 10, 1936; Cent. 1337, I 4155; C.A. 31, 419 (1937); Brit. 437,673, 
Nov. 28, 1935; French 787,629, Sept. 24, 1935; Cent. 1936, II 2227. (4) Korschun, Ber. 88, 
1125-1129 (1905). (5) van Reymenant, BuU. acad. roy. Belg. 1900, 724-742; Cent. 1901, I 95. 
{6) Justoni, Chimica e induatria {Italy) 24, 89-94 (1942); Cent. 1943, 1 383. (7) Blaise, BuU. 
aoc. chim. (4) 15, 733 (1914). (8) Godchot, Mousseron, BuU. soc. chim. (4) 51, 356 (1932). 
(9) Backer, Strating, Zuithoff, Rec. trav. chim. 55, 761-764 (1936). (10) Forster, Fierz, J. Chem. 

Soc. 98, 675 (1908). 

(11) Kolshorn, Ber. 37, 2474-2475 (1904). (12) Justoni, Chimica e indiiatria {Italy), 24, 
195-201 (1942), Cent. 1943, I 1659. (13) Calkins (to B. F. Goodrich Co.), U.S. 2,120,392, June 

14, 1938; Cent. 1939, I 251; C.A. 32, 5854 (1938). (14) I.G., French 813,131, May 26, 1937; 
Cent. 1937. II 2071. (15) Ddmfetre-Vladesco, BuU. aoc. chim. (3) 0, 404-415, 807-829 (1891). 
(16) Henry, BuU. acad. roy. Belg. 1900, 57-63, Cent. 1900, 1 1123. (17) Buchman, Reims, Sargent, 

J. Org. Chem. 0, 767-769 (1941). (18) Frolich, Wiezevich (to Standard Oil Dev. Co.), U.S. 

2,006,198, June 25, 1935; Cent. 1930, I 2827; C.A. 29, 5457 (1935). (19) Santomauro, Biochem. 
Z. 151, 49 (1924) ; Cent. 1924, 1 2272. (20) N. V. de Bataafsche Petroleum Maatschappij, French 

797,943, May 6, 1936; Cent. 1930, II 865. 

(21) Justoni, Gazz. chim. ital. 09, 378-391 (1939); Rend ist. lombardo sci 71, 407-424 (1938); 
C.A. 34. 3268 (1940). (22) Mohr, J. prakt. Chem. (2) 90, 199-200 (1914). (23) von Braun, 

Rudolph, Ber. 07, 1770 (1934). (24) Youtz, Perkins, J. Am. Chem. Soc. 51, 3512 (Note 5); 

3614 (1929). (25) Korschun, Roll, Gazz. chim. ital. 41, I 188 (1911). (26) Willstatter, Clarke, 

Ber. 47, 307 (1914). (27) Knorr, Hess, Ber 44, 2762 (1911). (28) Korschun, Roll, BuU. aoc. 

chim. (4) 33, 1107-1108 (1923). (29) Reichstein, Zschokke, Syz, Hdv. Chim. Acta 15, 1115- 
1116 (1932). (30) Curd, Robinson, J. Chem. Soc. 1933, 714-720, 1178-1179. 

(31) Piloty, Ber. 43, 496 (1910). (32) Friedman, Sparks, Adams, J. Am. Chem. Soc. 59, 2263 

(1937). (33) Blaise, BuU. aoc. chim. (4) 17, 426 (1915). 


3: 7600 2-CHLORO-2,3-DIMETHYLBUTANE 
(Dimcthyl-isopropyl-carbinyl chloride ) 


B.P. 118° (1) 

117-119° (2) 

112° at 749 mm. (3) 
68° at 186 mm. (6) 


CeHiaCl 
CHa CHa 

CHj— i 


H 


C— CHa 

i. 


= 0.8760 <2) 
= 0.8784 (.3) 


BeU. I - 151 

Il- 

ia- 


Note. Much confusion exists in the literature with reference to the relation between 
C and 3-chloro-2,2-dimethylbutane (3:7475) q.v. Since the identity of the latter has 
now been established, it is probable that the chloride obtained from 2,2-dimcthylbutanol-3 
(ter-butyl-methyl-carbinol) (“ pinacolyl alcohol”) (1:6186) is C. In view, however, of 
modem appreciation of the rearrangements frequently occurring during the formation of 
alkyl chlorides with HCl, the homogeneity of all recorded samples of C should be taken 
with reserve. 

(For prepn. of C from 2,3>dimethylbutanol-2 (1:6187) with HCl gas (4), with 40% 
HCl (4), or with AcCl (4), or from 2,3-dimethylbutanol-2 (1 : 6187) with HCl gas (6), see 
indie, refs.; for formn. of C from 2,3-dimethylbutane (di-isopropyl) (1:8515) with CI2 (1) 
or from 2,3-dimethylbutene-2 (tctramethylethylene) (1 :8290) with HCl see (3); for formn. 
of C (23% yield) from ter-butyl chloride (3:7045) -|- 2,3-dimethylbutane (1.8515) on 
shaking minute with AICI3 see (6).] 

(0 Dimethyl-isopropyl-acetamide: m.p. 128° (7), 125-127° (6). [From C via conversion 
to RMgCl, carbonation to dimethyl-isopropyl-acetic acid, and conversion of latter 
to amide (6) (7).] 



1066 LIQUIDS WITH Dj® < 1.15 3:7600-3:7610 

(©_2,8-Dibromo-2,3-dimethylbutanc: m.p. 173-174® cor. (6), 166-168® <8). (From 
C with Br2 (6).l 

8:76«l (1) Silva, Ber. 7, 953 (1874); Ber. 6» 36 (1873). (2> Asohan, Ber. 31. 1802 (1898). (3) 
Pavlov, Ann. 196, 124 (1879). (4) Henry, Rec. trav. chim. 35, 147 (1906). <5) Whitmore, 

Rothrock, J. Am. Chem. Soc. 55, 1107-1108 (1933). (6) Bartlett, Condon, Schneider, J. Am. 

Chem. Soc. 66. 1633, 1537 (1944). (7) Whitmore, Laughlin, J. Am. Chem. Soc. 55, 3736 (1936) 
<8) Grosse, Ipatieff, J. Org. Chem. 8, 440-441 (1943) 


3: 7603 d,La-METHYL.n-BUTYRYL CHLORIDE H CsHgOa BeU. 11 - 306 
(Ethyl-methyl-acetyl chloride) ^ 1 Hi — 

CHs— CH2— (J C=0 n2-(370) 

(^:H3 C\ 

B.P. 118.0-118.3® at 761 mm. ( 1 ) Df = 0.9917 ( 1 ) = 1.41695 (1) 

116.8-116.6® (2) 

115-116® (3) 

[The dextrorotatory form of C, b.p. 119-120°, = 0.990, W£> ® = 1.4177, has also 

been reported {4).] 

(For prepn. of C from d,f-2-methylbutanoic acid-1 (1 : 1105) with SOCI2 see (1).) 

[For actn. of PCU on C see <5).] 

C with K ethyl-methyl-acetate yields (6) corresp. anhydride, b.p. 103-104® at 17 mm. 

C on hydrolysis yields d,/-cthyl-methyl-acetic acid (1:1105) (for the amide, anilide, 
p-toluidide, and other derivs. corresp. to C see 1 : 1105). 

3:7603 (l) Leimu, Ber. 70, 1049 (1937). (2) Kohhausch, Pongratz, Z. physik. Chem. B-33, 
382 (1933). (3) Rupe, Ann. 369, 338 (1909). (4) Kenyon, Phillips, Pittman, J. Chem. Soc. 
1935, 1080. (6) von Braun, Jostes, Munch, Ann. 463, 146-147 (1927). (6) Verkade, Rec. trav. 

chim. 36, 203 (1916). 


3 : 7606 3-CHLORO-2,4-DIMETHYLPENTENE-2 C7H13CI BeU. I - 221 

CH 3 CHs Ii— 

CHj— in— c=i -CHs 

d'l 

B.P. 11S-130° (1> Dl = 0.9613 ( 1 ) 

[For prepn. of C from 2,4-dimethylpentanone-3 (di-isopropyl ketone) (isobutyrone) 
(1 :_5433) with PCU see (1).] 

C with ale. KOH gives <1) 2,4-dimethylpentadiene-2,3 (tetramethylallene) [Beil. 1-258, 
Ii-(121)J, b.p. 70® (1), 86.5® at 763 mm. [Beil. Ii-(12l)l. 

3:7665 (l) Henry, Ber. 8, 400 (1875). 


3: 7610 3,3-DICHLORO-2,4-DIMETHYLPENTANE C 7 H 14 CI 2 

CHs Cl CHs 

CHs— i — d:— c— CH, 

A 

Dl = 0.9513 (1) 


BeU. I - 158 

Ii- 
I2 


B.P. 118-120® ai. dec. (1) 



3: 7610-3:7616 3>DICHLORCV2,4-DIMETHYLPENTANE 1056 

[For prepn. of C from 2,4-dimethylpentanone-3 (di-isopropyl ketone) (1:5433) with 
POs see ( 1 ).] 

C on distillation loses 1 HCl yielding (1) a chloroolefin C 7 H 18 CI of undetermined struc- 
ture, but presumably 3-chloro-2,4-dimethylpentene-2. 

C on htg. with ale. KOH loses 2 HCl yielding < 1 } a hydrocarbon C 7 H 12 , b.p. 70°, regarded 
<1) as 2,4Klimethylpentadiene-2,3 [Beil. 1-258, li-( 121 )]. 

S:7610 (1) Henry, Ber. 8, 400 (1876). 


3:7616 d,f-2,8-DICHLOROBUTAN£ 

C 4 H 8 CI 2 

Beil. I - 119 

((i,t^Butylene dicbloride) CH,— CH— CH— CH, 

Ii-( 38) 


il k 

l2-( 82) 

B.P. 

119-190“ at 760 mm. (1> 

Dj® = 1.1063 (4) 

ni,® - 1.4411 (4) 

119.5° at 760 mm. (2) (3) 

1.1051 (2) 

1.4410 <4) 

117.10° at 746 mm. (4) 


1.4409 <4) 

53.0-53.5° at 81mm. (5) 


1.4405 (4) 

53.1-53.4° at 80 mm. (4) 


1.4404 (4> 

53.16° at 80 mm. (4) 


1.4409 (4) 

53.0-53.4° at 80 mm. (4) 


1.4400 (4) 

53.0-53.9° at 80 mm. {4) 

Di® - 1.1183 <2) 


59.7-53.5° at 80 mm. (4) 


ni® 1.4458 (2) 


[See also ine8(h2,Z-dichlorobiUane (3:7580).] 

Note that constants on the products of other workers (6) (7) (8) (9) (since they were 
almost certainly mixts. of C with its fneso isomer) are not included above. 

[For prepn. of C from ds-butene-2 with CI 2 in light (80.5% 3 rield (4)) (5) cf. (7) see indie, 
refs.; for formn. of C from d,l-€r2/<Aro-3-chlorobutanol-2 (3:8004) or from (-f) 3-chloro- 
butanol-2 with PCI 3 or with SOCI 2 + pyridine see (4); for formn. of C from (+) f^rco-3- 
chlorobutanol-2 (3:8002) with SOG 2 see (4).] 

[For prepn. of ordinary samples of C (probably contg. more or less 9neso-2,3-dichloro- 
butane (3:7580)) see the following: for prepn. of ord. G from butene-2 with CI 2 (8) (9) 
(10) (11) at -10° (60% yield (12)), at -17° in dark (13), or at ^5° in dark (89-92% 
yield (14)), or with CI 2 + aq- (15) see indie, refs.; for formn. of C from 1-chlorobutane 
(3:7160) with SbCU on warming see (6) (7); from 2-chlorobutane (3:7125) with CI 2 in 
light see (3).) 

[For equilibrium consts. of system C + aq*, 3-chlorobutanol-2 (3:8000) -f aq., and 
ternary system G + 3-chlorobutanol-2 + aq. see (16); for uses of C as industrial solvent 
see (14).] 

[C with CJI 2 (slight excess) in dark at —17° gives (13) 36.5% 1,2,3-trichlorobutane 
(3:5935) + 18% 2,2,3-trichlorobutane (3:5680),] 

[C with ale. KOH (1 mole -f 25% excess) refluxed for 3 days loses 1 HCl giving (2) (3) 
a mixt. of da + Irafis 2-chlorobutene-2 (3:7105); note, however, that under certain condi- 
tions C with NaOEt not only loses 1 HCl but involves a reaction of the second halogen 
atom with a second mole of NaOEt thus yielding (17) ethyl o,^-dimethylvinyl ether (2- 
ethoxybutene-2) (accompanied by some butyne-2 (dimethylacetylene)). — C with excess 
ale. KOH, soda-lime, or diethylaniline (18), or C with aq. vapor at 200-500° over silica 
gel]+ cat. (19) (20), loses 2 moles HCl yielding (35-38% (20)) butadiene-1,3 (accompanied 
by 21-25% 2-chlorobutene-2 (3:7105) (20) and 6-8% ethyl methyl ketone (1:5405) (20)); 
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3:761l^:7eSO 


note that in absence ctf water vapor in this last process C yields 2-chlorobutene-2 (3:7105) 
+ butene-2 (20). — C over BaG2 at 200-^300® (24) or with aq. alk. or a]k.-earth hydroxides 
at llfr-250® (25) loses 1 HCl giving 2-chlorobutene-2 (3:7105).] 

[C is no« (3) hydrolyzed by boilg. aq. K2CO3, but C with aq. Ca(OH)2 at 76® (21) or with 
aq. Na2COs + NaHCOa under press. (22) cf. (23) yields butanediol-2,3 (some 2-chloro- 
buteDe-2 (3 : 7105) and ethyl methyl ketone (1 : 6405) also being formed (22)).] 

[C with p-toluidine (6 moles) at 130-140® for 30 hrs. gives (10) d,f-&is-2,3-(di-j>-toluidino)- 
butane, m.p. 62-63®, •+• wi€5o-6i««2,3-(di-p-tolylamino)butane, m.p. 67-68®, 4- 2,7,9- 
tiimethylacridine, m.p. 133-134®; on more protracted htg. or at higher temperature the 
prods, are mainly or even exclusively 2,7,9-trimethylacridine and di-p-tolylamine, m.p. 79® 
(from the reagent) (10).] 

8:7616 (1) Timmermans, BvU. aoe. chim. Belg, 36, 504 (1927). (2) Naves, Bull. soc. ekim. 86 , 
435-448 (1930). (3) Tishchenko, Churbakov. J. Qen. Cfum. {U.S.S.R.) 7, 663-666 (1937); 
Cent. 1987, II 372; C.A. 31, 5754 (1937). (4) Lucas, Gould, J. Am. Chem. Soc. 63, 2541-2645 
(1941). (5) Taufen, Murray, Cleveland, J. Am. Chem. Soc. 65, 1131-1132 (1943). (6) Meyer, 

Mtiller, J. prakt. Chem. (2) 46, 186 (1892). (7) Kahovec, Ko^ausch, Z. phyeik. Ch^. B-48, 
11 (1940). (8) Sheshukov, J. Ruaa. Phya.-Chem. Soc. 17, 509 (1885). (9) Briner, Hausser, 
deLuserna, Helv. Chim. Acta 7, 374-376 (1924). (10) Morgan, Hickinbottom, J* Chem. Soc. 
123, 97-105 (1923). 

(11) Buys, Edwards (to Shell Development Co.), U.S. 2,099,231, Nov. 16, 1937; Cent. 1988, 
I 3387; C.A. 32, 190 (1938). (12) Batalin, Ugryumov, Sintet. Kauchuk 5, No. 6, 8 - 4^6 (1936); 
Cent. 1936, II 3357; C.A. 36, 6701 (1936). (13) Tishchenko, Churbakov, J. Oen. Chem. {U.S.S.R.) 
6, 1553-1558 (1936); Cent. 1937, I 3785; C.A. 31, 2165 (1937). (14) Likhosherstov, Alekseev, 
Shalaeva, J. Chem. Ind. (Moscow) 12, 705-709 (1935); Cent. 1936, I 3377; C.A. 29, 8174 (1935). 

(15) Batalin, Ugryumov, J. Gen. Chem. (U.S.S.R.) 4, 871-874 (1935); C.A. M, 2147 (1935). 

(16) Bushmakin, Gol’dman, Kuchinskaya, Sintet. Kauchuk 4, No. 1, 33-35 (1935); Cent. 1936, 
1 1131; C.A. 29, 4248 (1935). (17) I.G., Brit. 332,605, Aug. 21, 1930; Cent. 1936, II 2572: 
French 684.722, June 30, 1930; Cent. 1936, II 2841: French 38,910, Aug. 10, 1931; Cent. 1932, 
I 1438. (18) Matthews, Strange, Bliss, Austrian 82,804, Feb. 25, 1921: Cent. 1921, IV 517. 
(19) Tishchenko, Churbakov, I^uss. 52,023, Oct. 31, 1937; Cent. 1938, II 1127; C.A. 34, 1336 
(1940). (20) Gutner, Tishchenko, J. Oen. Chem. (U.S.S.R.) 6, 1729-1735 (1936); Cent. 1937, 
I 3786; C.A. 31, 4265 (1937). 

(21) Chem. Fabrik Schering, Ger. 246,572, May 6, 1912; Cent. 1912, I 1874. (22) Gutner, 
Shchigel’skaya, J. Gen. Chem. (U.S.S.R.) 7, 1315-1320 (1937); Cent. 1988, I 561; C.A. 31, 6189 
(1937). (23) Tishchenko, J. Gen. Chem. (U.S.S.R.y 9, 1380-1388 (1939); C.A. 34, 1611 (1940). 
(24) Cass, Levine (to du Pont Co.), U.S. 2,323,226, June 29, 1943; C.A. 88, 119 (1944). (25) 
Cass, Levine (to du Pont Co.), Brit. 549,799, Dec. 8, 1942-, C.A. 38, 756 (1944). 

3 :7620 l-CHLOROHEXENE-2 CeHuCl BelL S.N. 11 

(7-(n-Propyl)allyl chloride) Cl 

CH,.CH2.CH,.CH=»CH.<!3H, 

B.P. 130-122° at 761 mm. (1) 

42-44° at 40 mm. (1) 

Two geom. stereoisomers of O are possible, but only one is yet recognized. Furthermore 
C by virtue of allylic transposition would be expected to be in equilibrium with its synionic 
isomer S'dilorohexene-l (a-(7»-propyl)allyl chloride). The material reported by (1) 
was regarded as C; the isomer appears to be as yet unrecorded; however, see 3:9334. 

[For prepn. of C from hexen-l-ol-3 [Beil. l2-(485)] with PCU in CeHo see (1).] 

[For reactn. of C with sodium phenate in ale. see (1).] 

C on cat. hyflrogenation gives 1-chlorohexane (3:7955), b.p. 126-127® (1). 

C on hydrolysis with hot aqueous 10 N NaOH for 2J4 hrs. yields (1) hexeii-l-ol-3, b.p. 
54-57® at 20 mm., » 1.4485 (1). 

3:7626 (1) Hurd, McNamee, /. Am. Chem. Soc. 54 , 1648-1649 (1932). 
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3:7625 a-CHLOROBTHn, ACETATE 


H O4H7O2OI 
CH 3 .aO.CO.CH 8 


Beil, n - 152 
ni.( 71) 
Hr- 


B.P. 121.6® at 746 mm. (si. dec.) (1) 2>}f = 1.114 (1) 

119-120® at 740 mm. (2) 

119-121® at 740 mm. (3) 

113-116® at 740 mm. <3) (4) 


Note that the same observers have noted <3) two dif. b.p.’s, viz., 119-121® and 113-116* 
both at 740 mm., on dif. prepns.; this anomaly is still unexplained. 

[For prepn. of C (75% yield (5)) from paraldehyde (1 :0170) + AcCl (3:7065) + trace 
ZnCh see (5) (1); from acetaldehyde (1:0100) + AcCl (3:7065) at 100® see <6); from vinyl 
acetate + liq. (3) or gas (7) HCl see (3) (7).] 

C on htg. with 0.02% ZnCl 2 at 80° yields acetaldehyde (1:0100) + AcCl (3:7065) -|- 
paraldehyde (1:0170) <8); C passed through a tube at 360-380® or over pumice at 250- 
300® yields acetaldehyde -f acetyl chlonde (9). 

C with aq. slowly hydrolyzes in cold, more rapidly on warming, yielding acetaldehyde 
(1:0100), AcOH (1:1010), and HCl. [This hydrolysis is accelerated by trace of acid, 
c.g., N/iO HCl (lO).l 

8:7625 (1) Franchimont, Rec. trav. chim. 1 , 245-246 (1882). (2) Descud^, Compt. rend. 132 , 

1568 (1901). (3) Gebauer-Fuelnegg, Moffett, J. Am. Chem. Soc. 56 . 2009 (1934). (4) Ulich, 

Adams, J. Am. Chem. Soc. 43 , 663 (1921). (5) Colonge, Mostafavi, BuU. soc. chtm. (6) 5 , 1485- 

1486 (1938). <6) Simpson, Ann. 109 . 156-157 (1859). (7) Ger. 313,696, July 19, 1919; Cent. 
1919 , IV 664. (8) Brit. 329,721, June 17, 1930; C&nt. 1930 , II 1611. (9) Brit. 330,511, July 10, 

1930; Cent. 1930 , II 2184. <10) Drushel, Bancroft. Am. J. Sci. (4) 44 , 376 (1917). 


3:7630 1-CHLOROHEXENE-l Cl CeHnCl Beil. S.N. 11 

CH 3 .CH 2 .CH,.CH!t— CH= in 

B.P. 121-121.5° <1) Z)?? = 0.8872 <1) n|? = 1.4300 ( 1 ) 

[For formn. of C (together with other prods.) from either 3,3-dichloropropenc-l (3:5140) 
or 1,3-dichloropropene-l (3:5280) with n-propyl MgBr see (1).] 

C does not react with NaOEt at 130° (1). 

C readily reacts with Na yielding (1) hexene-1 (1:8255), b.p. 64°. 

C adds Br 2 yielding (1) 1,2-dibromo-l-chlorohexane, b.p. 107® at 13 mm., = 1.664, 
* 1.515 (1). 

3:7630 (l) Kirrmann, Grard, Compt. rend. 190 , 876-877 (1930); Bull. soc. chim. (4) 47 . 843-847 
(1930). 


3: 7640 4-CHLOROBUTANONE-2 C 4 H 7 OCI Beil. I - 670 

' 03-Chloroethyl methyl CH 3 — C — CH 2 — CH 2 Ii — 

ketone; l-chlorobutanone-3) ^ l2-(731) 

B.P. 120-122® at 760 mm. (1) 

50-55® at 16 mm. <2} 

53-55® at 16 mm. <8) • 

53° at 16 mm. (7) 

50® at 16 mm. (3) 

43-50® at 16mxn. (4) 

[See also Z-ehlorobiUanone-2 ( 3 : 7598 ).] 
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Liquid with faint and not diRagreeable odor. 

(For prepn. of CJ from methyl vinyl ketone (Beil. 1-728, Ii-(379), l2-(786)l satd. at 0® 
with HCl gas directly (67% yield (4)) or in CsHg soln. (5); from acetyl chloride (3:7065) 
with ethylene + AICI3 at 0° (yields: 33% (3), 63% (6)) cf. (2) or at 100“ and 50 atm. press. 
(22); from 4-chlorobutadiene-l,2 (3:7225) by cat. hydration with cone. H2SO4 at —5“ 
(^eld 64% crude C (I)); from /S-chloropropionyl chloride (3:5690) with Zn(CH3)2 (60% 
yield <7)); from butanol-l-one-3 (7-keto-n-butyl alcohol) by saturation with HCl gas at 
0® espec. in pres, of 5-10% AICI3 (63% yield (8)) see indie, refs.] — [Note that C is not 
formed by chlorination of ethyl methyl ketone (butanone-2) (21).] 

C with hot aq. alk. or alk. carbonates gives only resins, but C on boilg. with dimethyl- 
aniline or better diethylaniline loses HCl giving (yields: 30% and 80%, respectively (7)) 
methyl vinyl ketone (see above), b.p. 79-80“; note, however, that C on warming with ale. 
KOH or quinoline loses both HCl and H2O yielding (4) a mixt. of dienes, b.p. 65-75®. 

[For behavior of potential C (mixt. of methyl vinyl ketone + HCl gas in CeHe) with 
ethylene glycol (1:6465) see (5); for reactn. of C with trimethylene glycol (1:6490) + 
K yielding 7-hydroxy propyl 7-keto-w-butyl cthei see (3).] 

[C with /J-naphthol (1:1540) in EtOH/KOEt at 0“ for 3 days gives (59% yield (9)) 
l-(7-keto-n-butyl)naphthol-2, cryst. from aq. ale., m.p. 88-89“ (corresp. semicarbazone, 
pale yel. pr. from MeOH, m.p, 179-180° (9)).J 

(C with 2-methylcyclohexanone (1:5470) in EtOH/NaOEt (or sodium isopropylate/ 
isopropyl ale.) at 0“ for 18 hrs. gives (yields: 15% (10), 10% (20)) 2-keto-lO-methyl- 
2,3,4,5,6,7,8,10-octahydronaphtlialene, b.p. 129-133® at 12 mm., nJJ = 1.5250 (10).] 

[C with diethyl sodio-methylmalonate in ether gives (11) diethyl (methyl )-(7-keto-n- 
butyl)malonate, b.p. 114-116® at 0.4 mm.; C with ethyl a-isopropylacetoacetate in EtOH/ 
NaOEt as directed yields (13) ethyl A-(l)p-menthenone-3-carboxylate-4.] 

[C with aniline + cone. HCl or 40% H2SO4 htd. with nitrobenzene or H3ASO4 yields 
(14) (6) lepidine (4-methylquinoline) [Beil. XX-395, XXli-(160)]; for corresp. reactn. 
with other amines see (14) (6).] 

[C with 1-aminoanthraquinone [Beil. XIV-177, XIV‘i-(436)] in pyridine yields (15) 
l-(7-keto-/i-butylamino)anthraquinone, dark red cryst. which dye cellulose acetate.] 

[C with hydrazine hydrate in MeOH gives (80% yield (16)) (17) (19) by ring closure 
3-methyl-A^-pyrazoline [Beil. XXIII-30], liq., b.p. 50“ at 16 mm. (16), sol. aq. but forming 
the corresp. picrate, B.PkOH, yel. ndls. from ale., m.p. 153® (16) (17) (19). — C in AcOH 
with methylhydrazine sulfate -h NaOAc in aq. stood 2 lire, gives (18) 1,3-dimethyl-A*- 
pyrazoline, oil, which with ethereal picric acid gives the corresp. picrate, B.PkOH, m.p. 
131.5-132.5“ (18). — C with phenylhydrazine in ether gives (16) by ring closure 3-methyl- 
1-phenyl-A^-pyrazoline, ndls. from ether by addn. of pet. ether, m.p. 76-77“ (16).] 

[C with NH2OH.HCI + K2CO3 in aq. MeOH htd. for a few minutes gives (20% jrield 
(16)) by ring closure 3-methyl-AMsoxazoline [Beil. XXVII-12], oil, b.p. 60“ at 15 mm. (16).] 

l-Carbamido-3-methyl-A^-pyrazoline: ndls. from EtOAc, m.p. 167-168“ (18), 167® 
(16). [Note that C with 1 equiv. semicarbazidc HCl -h NaOAc in aq. immediately 
ppts. the corresp. semicarbazone; this on htg. for 10 min. with strong aq. NaOAc 
(or C -h semicarbazide HCl + strong NaOAc soln. htd. directly in dil. ale. (19)) 
loses HCl and ring-closes to the indicated deriv.] 
l-Phenyl-3-methyl-A^-pyrazoline: ndls. from ether on addn. of pet. eth., m.p. 76-77® 
(16), 77“ (1). [From C in ether with phenylhydrazine, followed by neutralization 
and drying with anhyd. K2CO3 (16) (1); note that the presumably intermediate phenyl- 
hydrazone loses HCl and by ring closure gives the indicated deriv.] 

8:7640 (1) Carothers, Berchet, Collins, /. Am. Chem. Soc. 54, 4070 (1932). (2) Schoeller, 

ZdUner (to Schering-Kahlbaum, A.G.). U.S. 1,737,203, Nov. 26, 1929; Cent. 1930, II 1133; Brit. 
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282,412. Feb. 15. 1928; Cmd. 1929 » 1 143. (3) MoGinnis, Robinson. /. CAsm. Soc. 1941 » 405- 
406. (4) Smith. Sprung. J. Am, Chem. Soc, 66 » 1279-1280 (1932). (5) Kilhn. J, prakt. Chem, 
(2) 156 , 125 (1940). (6) Kenner, Statham, Ber, 69 , 17 (1936). (7) Blaise, Maire, Btdl, soc, 
ehim. (4) 3 , 268-270 (1908). (8) D6combe. CompL rend. 202 , 1685-1687 (1936). (9) McQuillin, 
Robinson, J. Chem. Soc. 1941 , 58S-589. (10) du Feu, McQuillin, Robinson, J. Chem, Soc. 
1937 , 53, 58-59. 

(11) Lin, Robinson, J. Chem. Soc. 1938, 2006. (12) This reference deleted. (13) Walker, 
/. Chem. Soc. 1935, 1585. (14) Schering-Kahlbaum, A.G., Brit. 283,577, March 7, 1928; Cent. 
1929, 1 3148. (15) I.G.. Brit. 485,175, June 9, 1938; French 828,581, May 20, 1938; Cent. 1938, 
II 3465. (16) Maire, BuU. eoc. chim. (4) 3, 274-279 (1908). (17) Freudenberg, Stoll, Ann. 
446, 44 (1924). (18) von Auwers, Heimke, Ann. 458, 205 (1927). (19) von Auwers, Ludewig, 
Ber. 69, 2348-2349 (1936). (20) D4combe, C(mpi. rend. 213, 579-581 (1941); Cent. 1942, II 
1568. 

(21) Forster, Fiers, J. Chem. Soc. 93, 669 (1908). (22) Frolich, Wiezevich (to Standard Oil 
Development Co.), U.S. 2,006,198, June 25. 1935; Cent. 1936, 1 2827; C.A. 29, 5457 (1935). 


3:7650 l,3-DlCHLOROBUT£NE-l Cl Cl CiHeCk 

CHr-(!;— CH=iH 


BeU. S.N. 11 


BJ». 180-183* (1) = 1.130 U> ng* = 1.464 (!) 

Note. 0 by virtue of facile allyllio transposition easily isomerizes to l^l-dichlorobutene- 
2 (3:7686) q.v. _ 

[For prepn. of C from crotonaldehyde (1:0160) with PClj see (1) (2); the resulting mixt. 
of C with its synionic isomer (l,l-dichlorobutene-2) (supposed by (2) to have been only 
the latter) has been separated by very precise fractnl. distn. (1).] 

C with NaOEt yields (1) l-chloro-3-ethoxybutene-l, b.p. 132-133® at 760 mm., 54-55® 
at 46 mm., D}J « 0.960, ng * 1.432 (1). 

C with NaOAc yields (1) l-chloro-3-acetoxybutene-l, b.p. 57-58® at 16 mm., Z)}? = 
1.090, niJ » 1.443 (1). [Note that crotylidene diacetate (l,l-diacetoxybutene-2), prepd. 
.(95% yield (3)) from crotonaldehyde (1:1050) with AC 2 O, gives (3) with dry HCl the 
isomeric 3-chioro-l-acetoxybutene-l, b.p. 64® at 13 mm., Di® = 1.083, ni® = 1.451 (3).] 

3:7650 (l) Kirrmann, Compt. rend. 199, 1228-1229 (1934). (2) Kekul6. Ann. 162, 98-100 (1872). 
(3) Kirrmann, BvU. soc. chim. (5) 5, 917-918 (1938). 

3:7655 d,M-CHLOROHEX£NE-l Cl CeHuCl Beil. I - 215 

CHr-Ca4--C»-CH_CH. Jl 
H 

BJ>. 180-183° dee. (1) 

[For prepn. of C from hexen-l-oI-4 (allyl-ethyl-oarbinol) (Beil. 1444] with PCI, see (1).] 
C with ale. KOH yields (1) hexadiene-1,3 [BeU. 1-253], b.p. 72-74*. 

S:7MS (1) Fournier, BuU. toe. ehim. (3) U, 402, 886 (1896). 
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3:7657 3-CHLORO-2.MBTH7L.l^-BI>OXn>ROPAHB CiHTOQ B«U. S.N. 3863 
(“ iS-Methylepiohlorohydrin ”) CHiCl 

CHr-i 

B.P, 133.0* (1) Di^ » 1.1035 (1) - 1.4340 (1) 

Colorless liq.; C is sol. aq. to extent of 3 g. in 100 g. aq. at 20® <1). — C with aq. forms 
a const.-boilg. mixt._ (b.p. 89.8®) contg. 74.4% C + 25.6% aq. ( 1 ). 

{For prepn. of C from l,3-dichloropropanol-2 (dichloro-ter-butyl alcohol) (3:5985) 
with aq. Ca(OH )2 (93% yield ( 1 )) see ( 1 ) ( 2 ); from chloroacetone (3:5425) with diazo- 
methane in ether see <3).] 

C with aq. especially at elevated temps., or C stirred for 3 hrs. at 90-95® with aq. contg. 
0.1% H 2 SO 4 until mixt. becomes homogeneous, gives (1) (4) (by hydration through ring 
opening) 95% 3 neld (1) 3-chloro-2-methylpropanediol-l,2 (/ 8 -methylglycerol monochloro- 
hydrin) (3:9190). [Note that alk. also catalyzes this hydration but reacts with the prod.] 
[Note also that HCl may not be used since it adds to the epoxy ring yielding ( 3 ) 1,3-dichloro- 
2-methylpropanol-2 (3 : 5977 ) .] 

C on distn. with 12 % H 2 SO 4 at ord. press, yields ( 1 ) (5) quant, o-methylacrolein (“ meth- 
acrolein ») [Beil. 1-731). 

C with cone. aq. NH 4 OH + alk. yields < 1 ) l,3-diamino-2-methylpropanol-2 [Beil. IVr 
(739)1. 

3:7657 <l) Hearne, DeJong, Ind. Eng. Chem, 33, 940-943 (1941). (2)*Groll. Hearne (to SheU 
Development Co.), U.S. 2,061,377, Nov. 17, 1936; Cent. 1987, I 4862; C.A. 81, 704 (1937). (3), 
Arndt, Amende, Ender, Monateh. 59, 213 (1932). (4) Groll, Hearne (to Shell Development Co.), 

U.S. 2,086,077, July 6, 1937; Cent 1937, II 2433; C.A. 31, 5813 (1937). (5) GroU, Hearne (to 
Shell Development Co.), U.S. 2,106,347, Jan. 25, 1938; Cent. 1938, II 1676; C.A. 33, 2542-2543 
(1938). 


3:7660 d,f-3-CHLORO-2-M£THYLP£NTEN£-l 
(ac-Ethyli3-methylallyl chloride) 


B.P. 120-124® <1) 


CeHuCl 
Cl CHs 

CH,.CHj— i — C=CH2 


Ben. SJI. 11 


A 


Note. C by virtue of allylic transposition would be expected to be in equilibrium with 
its synionic isomer l-chloro-2-methylpentene-2 (-y-ethyl-zS-methylallyl chloride). The 
material reported by (1) was regarded as C; the isomer appears to be as yet unrecorded. 

[For prepn. of C from 2-methylpenten-l-ol-3 by htg. with SC)Cl 2 + pyridine at 65® for 
4 hrs. see (1).] 

C in MeOH refluxed 4 hrs. with NaSCN gives (1) a-ethyl-/9-methylallyl isothiocyanate, 
b.p. 190-200® at 760 mm., 75-90® at 10 mm. (1). [This prod, with cone. H 2 SO 4 at 0® 
yields 4-ethyl-6,6-dimethyl-2-mercaptothiazoline, color cryst. from ale., m.p. 115-118® (1).] 

8:7666 (1) Bruson, Eastes, J. Am. Chem. Soc. 59, 2013 (1937). 
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3:7665 (/.l-S-CHLOROHEXENE-l 
(Biallyl hydrochloride) 


Cl CeHiiCl 

CHii-<!v-CH*.CHj.CH=CH, 


H 


Bell. I - 215 

Ii- 

^-(192) 


B.P. 121-125° at 760 mm. (1) 
120-124° (2) 

64-66** at 103 mm. (1) 
43-45** at 46 mm. (1) 
28-30** at 13 mm. (1) 


= 0.8891 (1) 
= 0.9141 (1) 
= 0.9105 (2) 


nf? = 1.4279 (1) 

ng* - 1.4305 (1) 
n}} = 1.4332 (1) 
= 1.4350 (2) 


[The levorotatory isomeride of C has also been reported (3) from dextrorotatory hexen- 
l-ol-S with PCls in ether, b.p. 119-122® (3); ozonolysis followed by treatment with Br 2 /aq. 
yields (3) levorotatory y-chloro-n-valeric acid.) 

[For prepn. of C from hexadiene-1 ,5 (biallyl) (1:8046) by shaking at room temp, with 
5 vols. cone. HCl for 120 hrs. see (1) (4) (yield of C is 23% accompanied by 57% 1,5- 
dichlorohexane (3:9340) and other products (1)); for prepn. of C from hexen-l-ol-5 [Beil. 
1-444] with PCls in CHCI 3 (30% yield + much resin (2)) see (2) (attempts to obt. C from 
this ale. with HCl gave (2) as a result of ring closure only 2,5-dimethyltetrahydrofuran 
[Beil. XVII-141, b.p. 93®).] 

C on oxidn. with Cr 03 /H 2 S 04 for 2^ hrs. at 90-95® gave (2) formic acid (1 . 1005) but 
no allylacetone. 


3:7665 (l) Corteao, J. Am. Chem. Soc. 52, 1619-1521 (1930). (2) Courtot, Pierron, Compt. 
rend. 160, 1057-1069 (1930). (3) Levene, Haller, J. Biol. Chem. 83, 599 (1929). (4) Wurtas, 
Ann. chim. (4) 3, 171 (1864). 


3:7670 3-CHLOROHEXANE CbHisCI Beil. S.N. 10 

(8ec.-(3)-Hexyl chloride; H 

ethyl-n-propyl^carbinyl chloride) i 

V^rl3.V-/Jl2.wrl2'~v-' — ’^-'11.2 

Cl 


B.P. 123° (1) 2^8 = 0.870 (2) ng* = 1.4163 (2) 

59.5-60° at 96 mm. (2) 

[For prepn. of C from hcxene-3 (1 : 8270) in CHCI 3 by shaking with cone. HCl for 48 
hrs. (45% yield) (HCl gas in CHCI 3 fails) see (2) (for study of rate of reaction in various 
solvents see (4)); from hexanol-3 (1:6203) in ether + HCl gas for 5 days see (1); for formn. 
of C (together with other products) from reactn. of 2-ethvlbutanol-l (1:6223) with HCl -f- 
ZnCl 2 see (3).] 

C with Mg in dry ether gives RMgCl which with O 2 yields (3) hexanol-3 (1:6203); 
this ale. upon oxidn. with Cr 03 /H 2 S 04 yields (3) hexanone-3 (2,4-dinitrophenylhydrazone, 
m.p. 146.5-148.6° (3); semicarbazone, m.p. 110.6-111.5® (3)). 

3:7676 (l) Lagerev, Shadmanov, Trudy Uzhekakego Goaudarat. Univ. 6 , 89-91 (1936); C.A. 35 , 
2120 (1941). (2) Spiegler, Tinker, J. Am. Chem, Soc. 61, 942 (1939). (3) Whitmore, Karnata, 
J. Am. Chem. Soc, 60, 2535 (1938). (4) O’Connor, Baldinger, Vogt, Hennion, J. Am. Chem. Soc, 
61, 1455 (1939). 
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3: 7676 <f^-4.CHLOROHEX£N£.2 Cl C«HiiCl Beil. I - 215 

(ce-Ethyl-y-methylallyl chloride; I Ii — 

a-ethylcrotyl chloride) CH*.CH2--(^CH===CH.CH8 l2-(108) 

H 

B.P. 


123-124° 

at 760 mm., si. 

dec. <1) 

nfj = 1.4356 

<4) 

122-126° 

dec. 

(2) (3) 

>= 0.9148 (6) 


73-76° 

at 136 mm. 

(4) 

nf,” 1.4400 

<1> 

66-67° 

at 110 mm. 

<5) 

1.4385 

(5) 

66-67° 

at 110 mm. 

(2) 

1.4382 

(6) 

66-70° 

at 110 mm. 

<31 



38-43° 

at 30 mm. 

(6) 



30° 

at 13 mm. 

(1) 



30° 

at 10 mm. 

{ 7 ) 




Note. The possibility that C may by virtue of ally lie transposition exist or react in 
the form of its as yet unisolated synionic isomer 2-chlorohexene-3 (y-ethyl-a-methylallyl 
chloride) should not be overlooked. 

[For prepn. of C from hexcn-2-ol-4 (a-ethyl-7-methvlallyl alcohol) (1) (Beil. 1-445] 
with dry HCl gas at 0° (5) (81% yield (2)), with cone. aq. HCl (7), with PCls (6) (6) (64% 
yield <8)), or with SOCI2 in ether 4- quinoline at 0® <1) see indie, refs.] 

C is readily hydrolyzed: C on shaking with aq. at 15° is 81% hydrolyzed in 48 hrs.; 
100% m 90 min. at 40° <2). — C with 2>^ pts. aq. + 1 pt. CaCOs stood 3 days gives in 
good yield fl) 4-chlorohexen-2-ol, b.p. 49-50° at 12 mm. (1) [acid phthalate, m.p. 52-53°’ 
(1); p-nitrobenzoate, m.p. 35-37° (1); i^-(p-xenyl)carbamato, m.p, 102° (1)J, 

6 on htg. in s.t. at 120° with MeOH/KOH gives (3) 4-methoxyhexene-2, b.p. 110-113° 
<3). 

[For reactn. of C with phenol + K2CO3 in acetone see (8) (5); for extension to many 
phenols sec (6); for reactn. of C with diethylsodiomalonate sec (4); for reactn. of C with 
NH3 or amines see (9).] 

C on oxidn. with Cr03/H2S04 at 40° gives (55% yield (2)) hexen-2-one-4, b.p. 137- 
140° (2) [2,4-dinitrophenylhydrazono, m.p. 100-101° (2).] 

3:7675 (l) Airs, Balfo, Kenyon, J Chem. Soc. 1942 , 24-26. (2) Courtot, Pierron, BtUl. soc. 

chxm. (4) 46 , 290-291 (1929). (3) Reif, Ber. 39 , 1003 1004 (1906) , 41 , 2742 (1908). (4) Shonle, 

Waldo, J. Am. Chem. Soc. 66, 4649-4652 (1933). (5) Smith, Uiignade, Lauer, Leekley, J. Am. 

Chem Soc. 61 , 3080 (1939). (6) Hurd, Puterbaugh, J. Org. Chem. 2 , .381-386 (1937). <7) 

Boettcher (to I.G.), Ger 513,364, Nov. 26, 1930; Cen<. 1931 , I 1007, C.A. 26 , 1260 (1931). (8) 
Hurd, Cohen, J. Am. Chem. Soc. 63 , 1917-1922 (1931). (9) Boettcher (to I.G.), Ger. 487 , 787 , 

Dec. 16, 1929; Cent. 1930 , I 1050 


3: 7680 d^-l,2-DICHLOROBUTANE C4H8CI2 

(a-Butylene dichloride) CH3 — CH2 — CH — ^CH2 

(!;i 


Bea. 1 — 

11- (38) 

12- (81) 


B.P. 184.0° (1) (2) (6) 

123-126° at 760 mm. (3) 
abt. 125° (4) 

123-125° at 768 mm. (7) 
121-122° at 736 mm. (5) 
31° at 28 mm. (5) 


= 1.1116 (2) 

= 1.440 (7) 

- 1.1182(6) 

1.1187(7) 

= 1.1244 (2) n\} = 1.4474 (2) 
1.4472 (3) 
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Colorless liq. with not disagreeable odor. 

' [For prepn. of C from butene-1 with CI2 in aq. (6), in CCI4 (2), or at elevated temp, and 
press, in pres, of CaCl2 + other cat. (8) (some 1,2,3-trichlorobutane (3:5935) |s also formed 
(5)) see indie, refs.; for prepn. of C from 1-chlorobutane (3:7160) with CI2 in sunlight or 
u.y. light (other isomers are also formed) see (9) <10) (11) (4) (7) (other isomers are always 
formed, and yield of C is about 17% (7)) see indie, refs.; for formn. of C from 2-chlorobutane 
(3:7125) with CI2 in li^t see <6).] 

[C with CI2 at —17® in dark gives (12) 1,2,3-trichlorobutane (3:5935) as main product.] 
[C is not hydrolyzed by boilg. aq. K2CO3 (6) but on htg. with excess 7-15% aq. NaHCOa 
-f Na2C03 at 135-195® under press, for 1-6 hrs. gives (13) butanediol-1,2 [Beil. 1-477, 
l2-(545)] H- 2-chlorobutene-2 (3:7105) + ethyl methyl ketone (1:5405) -f- mixt. of buten- 

1- 0I-3 and buten-2-ol-l.] 

[C passed as vapor over heated soda-lime as directed (9) (4) (10) (11), or C + aq. vapor 
at 200-500® over silica gel -f- cat. (14), gives (24.8% yield (9)) butadiene-1,3 (divinyl) 
[Beil. 1-249, Ii-(107), l2-(224)].] 

[C with ale. KOH (1 mole -h 25% excess) refluxed 3 days gives a mixt. contg. (2) cf. (18) 

2- chlorobutene-l (3:7075) -f- cis-l-chlorobutene-l (3:7110) iroTis-l-chlorobutene-l 
(3:7110); note that by this method no butyne-1 is formed (15) and can be obtd. from 
C -f* aic. KOH only by very drastic treatment, e.g., htg. in s.t. at 130-135® for 16-20 hrs. 
(16).] 

(For reactn. of G with phenylacetonitrile (benzyl cyanide) -f NaNH2 in liq. NH3 giving 
(40% yield (16)) l-cyano-2-ethyl-l-phenylcyclopropane, b.p. 93-94® at 1 mm., « 
0.9921, nfj * 1.52457, see (16); for condens. of 6 with diphenyl ether (1:7125) -|- AlCla 
see (17).] 

3:7680 (l) Timmermans, BvU. aoc. chim, Bdg. 86, 604 (1927). (2) Navez, BvXL. aoe. chim. Bdg. 
38, 435-^0 (1930). (3) Kahoveo, Kohlrausch, Z. phyaik. Ckem. B-48, 9 (1940). (4) Perkin, 

J. Soc. Chem. Ind. 31, 616-624 (1912); Cent. 1913, II 1210-1212. (5) de MontmoUin, Matile, 
Hah. Chim. Acta 7, 106-108 (1924). (6) Tishchenko, Churbakov, J. Oen. Chem. (U.S.S.R.) 7, 

663-666 (1937); Cent. 1837, II 372; C.A. 31, 5754 (1937). (7) Tishchenko, Churbakov, J. Oen. 
Chem. (?7.5.5.«.) 7, 893-896 (1937); Cent. 1988, II 2575; C.A. 31, 5765 (1937). (8) Buys, 
Edwards (to SheU Development Co.), U.S. 2,099,231, Nov. 16, 1937; Cent. 1938, 1 3387; C.A. 33, 
190 (1938). (9) Muskat, Northrup, J. Am. Chem. Soc. 63, 4043-4044, 4050-4063 (1930). (10) 
Muskat (to du Pont Co.), U.S. 2,038,593, April 28, 1936; Cent. 1936, II 3358; C.A. 30, 3912 (1936). 

(11) Muskat (to du Pont Co.), U.S. 2,070,609, Feb. 16, 1937; Cent. 1937, II 2597; C.A. 81, 
2236 (1937). (12) Tishchenko, Churbakov, J. Gen. Chem. (U.S.S.R.), 6 , 1563-1568 (1936); 
Cent. 1937, I 3786; C.A. 31, 2166 (1937). (13) Dobryanskii, Gutner, Shchigel’skaya, J. Oen. 

Chem. {U.S.S.R.) 7, 1315-1320 (1937) ; Cent. 1938, 1 661 ; C.A. 31, 6189 (1937). (14) Tishchenko, 
Churbakov, Ryanantsev, Russ. 52,023, Oct. 31, 1937; Cent. 1988, II 1127; C.A. 34, 1336 (1940). 

(16) Schjanberg, Ber. 71, 673 (1938). (16) Murray, Cloke, J. Am. Chem. Soc. 68, 2016 (1936). 

(17) Coleman, Hadler (to Dow Chem. Co.), U.S. 2,079,279, May 4, 1937; Cent. 1937, II 1267. 

(18) Henne, Hinkamp, J. Am. Chem. Soc. 67, 1197 (1946). 

3: 7685 l,l-DlCHLOROBnTENE-2 C 4 H 6 CI 2 Beil. I - 205 

(Crotylidene (di)chloride) CHa — CH=CH — CHClj Ii — 

I 2 — 

B.P. 124-125® (1) 2>li = 1.140 (1) ng - 1.466 (1) 

G by virtue of facile allylic transposition easily isomerizes to 1,3-dichlorobutene-l 
(3:7660) q.v. 

[For prepn. of G from crotonaldehyde (1:0150) wkh PCU see (1) (2); the resulting mixt. 
of C with its synionic isomer (1,3-dichlorobutene-l) (supposed by (2) to have been only C) 
has been separated by very precise fractional distn. (1).] 
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Crotylidene diacetate (from crotonaldehyde (1:0150) + AC2O in 05% yield (3)) s^ves 
<3) with dry HCl 3-chloro-l-acetoxybutene-l, b.p. 64® at 13 mm., “ 1.0^, n© * 
1.451 (3), derived from the synionic isomer of G, 

8: 7685 (l) Kirrmaxm, Compt. rend. 199, 1228-1229 (1934). (2) KekuU, Ann. 169, 08-100 (1872). 
(3) Kirrmaxm, BuU. eoc. chvm. (5) 5, 917-918 (1938). 


3:7690 3,8-DlCHLORO-2.MBTHYLBUT£NS.l 


C5H8a2 


Beil. S.N. 11 


Cl CHs 

CH3 (!) (!j=:CH2 


<!)i 


B.P. 124r-126® at 762 mm. (1) 
55-57® at 60 mm. (1) 


i>i® = 1.085 (1) 


nj? 


1.4513 <1) 


[For prepn. of G from 3-chloro-2-methylbutene-2 (3:7335) with CI2 + NaHCOs at 0® 
see (1) ()rield 80% together with 10% 2,3,3-trichloro-2-methylbutane (3:4755), m.p. 
182-183® <1)).] 

C on htg. gives by allylic transposition l,3-dichloro-2-methylbutene-2 (3:8170) (1). 

8:7690 (1) Tishchenko, /. Gen. Chem. (U.S.8.R.) 8, 1232-1246 (1938); Cent. 1989, II 4223; 
C.A. 88, 4190 (1939). 


3:7603 a-CROTONOYL CHLORIDE 

CH3~C— H 

C4H6oa 

BeU. n - 411 



H— — tjl*—— CO. Cl 


ni-(i88) 

II:-(392) 

B.P. 186* 


Di® = 1.080 

( 9 > 


124-186* 

<2) 

l£® = 1.0906 



124-126° at 769 mm. (3) 

<3) 


124r-125® 

(4) <5) 




124® 

( 6 ) 




123-124® 

(7) 

= 1.0822 

<9) nKf® 

« 1.46001 (9) 

122.6-123.6® 

m 




34r-36® at 

18 mm. (3) 





The name crotonoyl chloride is employed to avoid possible confusion with 1-chlorobutene- 
2 (3:7205) often designated as crotonyl chloride because of its relationship to crotonyl 
alcohol (buten-2-ol-l ). 

[For prepn. of C from a-crotonic acid (1:0425) with SOCI2 (yield: 95% <5), 86% <11)) 
(6) <8) (10) in pet. ether (80% yield (2», or with PCI3 (84% yield (3)) (7) (4), or with 
PCls (12), or with benzoyl chloride (3:6240) (yield: 72-80% (13)) see indie, refs.; for 
prepn. of C from NaS. with PCls + POCI3 (1), with PCI3 in ether (26% yield (14)), or with 
POCI3 (9) see indie, refs.; for prepn. of C by distn. of isocrotonyl chloride see (12).] 

G with EtOH yields (4) (by addn. of the resultant HCl) ethyl /8-chloro-7:-butyrate 
(3:8373). 

[C on htg. with NaA (3) or with Et3 N + CsHq in the cold (15) gives (81% yield (3)) 
crotonio anhydride (1:1155), b.p. 248®.] 

[For reactn. of G with methyl diazoacetate see (2), with NaN 3 see (6).] 

[0 with AICI 3 4- CfiH® in CS 2 in light gives (61% 3 rield (11)) (1) both phenyl propenyl 
ketone [Beil. VII-368, VIIi-(194)], b.p. 135-140® at 20 mm. (1), 90-95® at 2 mm. (11), 
riD 1.5475 (11) (corresp. l,3-diphenyl-5-methylpyrazoline from ketone with phenyl- 
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hydrazine, m.p. 108® (1)), and /5-phenyl-n-butyrophenono (1,3-diphenylbutanone-l) [Beil. 
VII-453], m.p. 74® (1) (11). — Forreactn. of C with AICI3 -f p-xylene <16), mesitylene <11 ), 
acenaphthene (17), anisole (18), methyl p-tolyl ether (7), methyl 3,5-dimethyiphenyl 
ether (19) see indie, refs.] 

C on hydrolysis with aq. yields a-crotonic acid (1 ;0425), m.p. 72®; for the amide, anilide, 
p-toluidide, and other derivs. corresp. to C see 1 : 0425. 

S:7m (1) Kohler, Am. Chem. J. 42, 395-396 (1909). (2) Staudinger, Becker, Hirzel, Ber. 49, 

1991 (1916). (3) Luniak, Ber. 42, 915-916 (1909). (4) Henry, Bidl. acad. roy. Belg. (3) 36, 

42 (1898); Cent. 1898, II 663 (5) Maxim, Bui. Soc. Chim. Ramdma, 10, 97-116 (1928); Cent. 

1929, I 2161, C.A. 23, 2697 (1929). (6) Jones, Mason, J. Am. Chem. Soc. 49, 2533 (1927). 
(7) von Auwers, Ann. 421, 30-36 (1921). (S) Kohlrausch, Pongratz, Z. physik. Chem. B-27, 

193 (1934). (9) von Auwers, Schmidt, Ber. 46, 474 (1913). (10) Kuhn, F. Kohler, L. Kohler, 

Z. physiol Chem. 247, 197-219 (1937); Cent. 1937, II 2391, C.A. 31, 6264 (1937) 

( 11 ) Prison, Christ, Whitman, J. Am. Cfiem. Soc. 58, 2450-2452 (1936). (12) von Auwers, 

Spiess, Ber. 34, 191-192 (1901). (13) Brown, J. Am. Chem. Soc. 60, 1325-1328 (1938). (14) 

Rupe, Schaerer. Helv. Ch%m. Acta 8, 863 (1925). (15) Wedekind, Ann. 378, 288 (1910). (16) 

von Auwers, Risse, Ann. 502, 291-292 (1933). (17) Fiesei, Heishberg, J. Am. Chem. Soc. 61, 

1280 (1939). (18) von Auwers, Ann. 439, 150 (1924) (19) Ref. 7, pp. 97 100. 


3; 7695 6-CHLORO-2-METHYLPENTANE CsHiaCl Beil. I — 

(Isohexyl chloride) Cl CHs Ii“(53) 

(!;hj.ch2.ch2.cii 2.— i— CH, 

I 

H 

B.P. 185-126° at 761 mm. (1) 

[For prepn. of C from A^- (benzoyl )i8ohexylamine with PCls followed by aq. see (1).] 

C on htg. in ale. with diethyl sodiomalonate in a s.t. at 100° for 4 hrs. gives an ester 
from which 2-methyloctanoic acid-8, b.p. abt. 230°, was obtd. by conventional methods (1). 

3:7606 (l) Clarke, J. Chem. Soc 103, 1699 (1913). 


3:7715 2-CHLOROHEXANE CeHiaCl 

(«ec.-(2)-Hexyl H 

methyl.^binyl chloride) CH3.CH2.CH2.CH2 — C— CH, 

Cl 


Beil. 1 - 144 

11- ( 68) 

12- (109) 


B.P. 186-187° (1) = 0.8694 (3) n|} * - 1.4148 (3) 

183-186° (2) 

188.6° at 764 mm. (3) Di* = 0.8762 (3) 

61® at 100 mm. (3) 


[For prepn. of C from corresp. ale. hexanol-2 (1 : 6210)_ with cone. HCl at 125° (90% 
yidd (3)) or cone. HCl (1) (2) see indie, refs.; for formn. of C (together with other products) 
from reaction of 2-ethylbutanol-l (1:6223) with cone. HCl + ZnCb see (4).] 

C on passing over Pyrex glass or unglazed porcelain at 150-500® loses HCl (5). 

[For study of rate of reaction with K1 in acetone see (2).] 

C with Mg in dry ether gives RMgCl; upon treatment with oxygen this gives (4) hescanol* 
2 (1:6210) q.v. 

(0 n-Butyl-methyl-acet-anilide: m.p. 91-92® u.c. (1). [From C via conversion to 
RMgCl and reaction with phenyl isocyanate (1).] 
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8:7715 (1) Underwood* Gale* J, Am. Chem. Soe. 50* 2119 (1934). (2) Conant* Huasey* J. Am. 
Chem. Soc. 47* 488 (1926). (3) Zelinekii, Frzewahkii* J. Ruts. Phj/t.-Chem. Soe. 40 , 1106-1123 
(1908); Cent. 1908, I 1864. <4) Whitmore* Karnatz* */. ilm. CAem. Soc. 00, 2635 (1938)* <5) 
Farragher, Garner, J. Am. Chem. Soc. 43. 1721 (1921). 


3:7720 2-ETHYLBUTYL CHLORIDE H 

(l-Chloro-2-ethylbutane; I 

3- (chloromethyl )pentane ) CH3CH2 C CH2CI 

GHz— CHs 


CcHwCl 


BeU. S.N. 10 


B.P. 125-127® (1) 

88® at 226 mm. (2) 


Dj® = 0.8914 (2) n?? = 1.4230 (2) 


[For prepn. of C from 2-ethylbutanoI-l (1:6223) with SOCI2 + pyridine (82% yield) 
see (2); with 45% HCl in s.t. at 100® (11% yield) see (1). [Note that 2-ethylbutanol 
(1 : 6223) with cone. HCl -f ZnClz gives (2) by rearr. of the carbon chain 7 different chloro- 
hexanes.] 

C on shaking at 79-87® for 7 hrs. with cone. HCl + ZnClz rearranges in part to a mixt. 
of other hexyl halides (2). 

C with Mg in dry ether gives RMgCl; upon treatment with oxygen this yields (2) 2- 
cthylbutanol-1 (1:6223) q.v. 

(g) /3-Ethylvaleranilide : m.p. 83-84® <2). [From C via conversion to RMgCl and re- 
action with phenyl isocyanate; so prepared, m.p. 80.6-81.5® (2).] 

3:7720 (l) Fourneau, Matti, J. pharm. chim. (8) 14, 513-622 (1931); Cent 1032, I 2687. (2) 
Whitmore, Karnatz, J. Am. Chem. Soc. 60, 2633-2536 (1938). 

3:7725 d,M.CHLORO-2,4-DIMETHyLPENTENE-l C7H13CI Beil. I - 220 

Cl Ii— 

CHa— (*)— CHr-C=CH2 

(!;h 3 (!;h* 

B.P. 126-138° (1) 

45-48® at 40 mm. <1} 

[For prepn. of C from ethyl /S-chloroisovalerate + MeMgBr in ether see (1).] 

3:7726 (1) Lemaire, BuU. acad. roy. Belg. 1909, 83-169; Cent. 1909. I 1982; C.A. 4, 1483-1484 
(1910); Rec. Irari. chim. 29, 51-52 (1910). 


3: 7730 d,/-4-CHLORO-6-METHyLHEXENE-l 
d,f-3-Chloro-2-methylhexene-5 
(Allyl-isopropyl-carbinyl 
chloride) OH2=*C 


CH2=*CH--CH2— ^ 


C7H13CI BeU. 1 - 220 
Cl CH3 Ii— 

<!)— 


B.P* 125-130° dec. (1) 

[For prepn. of C from 2-methylhexen-5-ol-3 (aUyl-isopropyl-carbinol) [BeU. 1-447] 
with PCIb see (1).] 

3:7730 (1) Fournier, BvU. ioe. chim. (3) 16. 886 (1896). 
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3:7735 3-CHLOROHEXAT£TRAENB-l^,4,5 

CH2=€= 


B.P. 127® dec. at 760 mm. <1) 
82® at 163 mm. (1) 

55® at 64 mm. (1) 


a 




CeHsCl 
IH==CH2 
0.9907 <1) 


Beil. S.N. 14 

nf>® » 1.5280 (1) 


[For prepn. of C from l,4-dichlorohexatriene-2,3,5 (3:9304) with MeOH/KOH at 10- 
15® or with NaOMe in dry MeOH see (1).] 

C on cat. hydrogenation yields (1) nrhexane (1:8530). 

C on oxidn. with aq. KMnOi + Na 2 C 03 soln. for 10 hrs. at 35-45® gives (1) oxalic acid 
dihydrate (1:0445). 

3:7786 (l) Coffman, Oarotheni, J. Am, Chem, Soc. 65, 2040-2047 (1933). 


3: 7740 n-VALERYL CHLORIDE CsHjOCl Beil. H • 301 



CBEs.CH 2 .CH 2 .CH 2 — c=o 

Hi- 


A. 

n 2 -( 266 ) 

B.P. 

127-128® 

(1) F.P. -110.0° (2> - 1.0004 (3> 

= 1.4207 (3) 

127.2® 

(2) 

1.4200 (4) 

126.9® at 766 mm. 

(3) 


126® at 730 mm. 

(4) 


124.8-126.8® 

(5) 


125-127® 

«6) 


123-127® 

(7) 



[For prepn. of C from n^valeric acid (1:1060) with PCU (60% yield (8)), with PCI 3 
(77% yield (9)) (1) or PCI 3 + ZnCh (75% yield (8)), with SOCI 2 (yield: 92.5% (7), 84% 
<4), 77% (8)), with benzoyl chloride (3:6240) (84r-76% yield (6)), or with oxalyl dichJoride 
(3:5060) (95% yield <10)) see indie, refs.] 

(j htd. with sodium n-valerate yields (11) n-valeric anhydride (1 : 1137), b.p. 218®. 

(C with EtMgBr gives (66% yield (4)) 3-ethylheptanol-3; C -f AICI 3 treated at 0® 
with ethylene pves (74% yield (12)) (13) n-butyl ^-chloroethyl ketone (1-chloro-hepta- 
none-3), but its constants have not been reported.] 

[C with AICI 3 and phenol yields (14) 56% o-(n^valeroyl)phenol, b.p. 130® at 10 mm., 
» 1.0435, nif’® * 1.5309 (semicarbazone, m.p. 204-204.5®), and 29% 3 >-(n-valeroyl)- 
phenol, cryst. from pet. ether, m.p. 63®, b.p. 197.^198.5® at 10 mm. (benzoate, m.p. 92®).] 
C on hydrolysis yields n-valeric acid (1:1060), b.p. 186®. — For the amide, anilide, p- 
toluidide, o-naphthalide, and other derive, corresp. to C see t^-valeric acid (1 : 1060). 

8:7743 (1) Freundler, BuU, soc. chim. (3) it, 312 (1894); (3) 13, 833 (1895). (2) Timmermans. 
BvU. soc. chim, Bdg. 36, 507 (1927). (3) Martin, Partington, J. Chem. Soc. 1936, 162. (4) 
Whitmore, Orem, J. Am. Chem. Soc. 63, 2574 (1938). (5) Kohlrausch, Pongratz, Z. phyeik, 
Chmn, B-22, 382 (1933). (6) Brown, /. Am. Chem. Soc. 63, 1325-1328 (1938). (7) Fierz-David, 
EOzter, Helv. Chim. Acta 32, 89 (1939). (8) Clark, BeU, Trane. Roy. Soc. Can. Ill 27, 97-103 
(1933). (9) Beitter, Z. phyeik. Chem. 83, 137 (1901). (10) Uhlich, Adams, J. Am, Chem. Soc, 
42, 604 (1920). 

( 11 ) Packard, Kenyon, J. Chem. Soc. 131, 1432 Note (1912). (12) Kenner, Statham, Ber, 33, 
17 (1936). (13) Sohering-Kahlbaum Akt. Ges., Brit. 282,412, Feb. 15, 1928; Cent. 1929, 1 143. 
(14) Sandulesco, Girard, BuU. soc. chim. (4) 47, 1308-1309 (1930). 
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3: 7745 BTHOZTACBTYL CHLORIDE C 4 H 70 ta Beil, m • 240 

CA.O.CH*.CO.Cl mj-( 02) 

ini-(i73) 

B.P. 127-128° (1) (2) = 1.1170 (4) ng* « 1.42039 (4) 

123-124° (3) 

4^60^ at 37 mm. (4) 

Colorless limpid liq. with strong odor and lachrymatory character; fumes in moist air. 
[For prepn. from ethoxyacetic ac. (1 : 1070) by actn. of PCls (90% yield (2)) see (1) (2); 
by actn. of thionyl chloride (90% yield <5), 73% yield <3), 46% yield (4)) see <3) (4) (5) 
<6).l 

C in aq. sinks to bottom in oily drops which soon dissolve by hydrolysis to ethoxyacetic 
acid (1:1070) + HCl. 

3:7746 (1) Henry, Ber. 3, 276-277 (1869). (2) Pratt, Robinson, J. Chem. Soc. 138, 762, footnote 
(1923). (3) Rothstein, BuU. boc. chim. (4) 61, 841-842 (1932). (4) Leimu, Ber. 70, 1050 (1937). 
(5) Sommelet, Ann. chim. (8) 0, 492-493 (1906) ; BuU. boc. chim. (4) 1, 368-369 (1907). <6} Jones. 
Powers, J. Am. Chem. Soc. 46, 2528 (1924). 


3:7747 d,/-l-CHLOROPROPANOL-2 

(Propylene oe-chlorohydrin; 
/5-chloro-isopropyl alcohol; 
chloromethyl-methyl-carbinol ) 


B.P. 

127-138® 

127® 

120-127® cor. 
120-127® 


at 761 mm. <1) (14) 
(13) 

at 762 mm. (2) (3) (21) 
at 760 mm. (4) 


120.0-120.5® cor. at 722 mm. (5) 
78-81® at 80 mm. (6) 


H CsHtOCI 

■i CH* 

in ii 

= 1.115 (5) 

1.111 ( 2 > 


BeU. I - 363 
Ii-(185) 
Ir-(383) 


ng* = 1.43924 (2) 


[See also 2-Moropropanol-l (3:7917).] 


Colorless liq. forming with aq. a const.-boilg. mixt., b.p. 96® at 743 mm., contg. 49.1 wt. 
% = 15.15 mole % C (37). 

[For prepn. of C from allyl chloride (3:7035) by addn. of H 2 O to the unsatd. linkage 
through the actn. of H 2 SO 4 + CUSO 4 as specified (yield: 66-70% (8)) (9) (3) (5) (2) (11) 
see indie, refs.; an extensive study (10) has shown that this is the only method of prepn. 
of C which does not gives also some 2-chloropropanol-l (propylene /9-chlorohydrin (3 : 7917).] 

[For prepn. of ordinary C (probably containing some of the isomer) from propanediol-1,2 
(propylene glycol) (1 : 6455) with HCl (2) (12) (10), with S 2 CI 2 (14) (10), or with SiCU (16) 
see indie, refs. ; from propylene glycol diacetate with an ale. + HCl see (16); from propylene 
with HOCl (17) (18) (19) (20) (10) (21), with CI 2 + aq. (22) (23) (30), or with (sr-butyl 
hypochlorite (3:7166) (24) see indie, refs.; from 1,2-epoxypropane (propylene oxide) 
(1:6115) with HCl see (12) (5) (2) (7) (25) (10); note, however, that by these methods 
there results an inseparable mixt. of much C with a little 2-ohloropropanol-l (3:7917) 
(10).] 

[For formn. of C from chloroacetone (3:5425) with AlEts etherate (70% yield ( 6 )) or 
by actn. of yeast (26); from 2-amino-l-chloropropane with nitrous acid (27) or from 1,2- 
dichloropropane (propylene dichloride) (3:5S^) with SO 4 followed by hydrolysis (28) 
see indie, refs.) 
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C on htg. in 8.t. at 140-160® yields (29) 1,2-dichloropropane (3 : 5200) 4- acetone (1 : 5400) ; 
C similarly htd. with aq. yields (29) acetone (1:5400) 4 propionaldehyde (1:0110). — 
C on htg. with P2O6 yields (5) allyl chloride (3:7035) 4 l-chloropropene-l (3:7036). 

Cj with aq. alk. readily gives (30) by loss of HCl and ring closure 1,2-epoxypropane 
(propylene oxide) (1:6115), b.p. 35®. (For study of rate of reactn. see (10) (31).j 
C on oxidn. with CrOs yields (17) (14) (18) (5) (7) chloroacetone (3:5425) 4 AcOH 
(1: 1010); C treated with Ca(OCl)2 m cold, then warmed, yields (32) chloroform (3:5050) 
4 AcOH (1:1010); C on oxidn. with HNO3 idelds chloroacetic acid (3:1370) 4 AcOH 
(1 : 1010) 4 oxalic acid (1:0445). 

[For reactn. of C with Na2S yielding (9) (33) /8,j8'-dihydroxy-<ii-n-propyl sulfide; with 
MesN in CeH# on htg. in s.t. 8 hrs. at 100® giving (48% yield (34)) /3-methylcholine chloride, 
m.p. 165® (34); with alkyl sulfates 4 alk. (35) to yield monoalkyl ethers of propylene glycol; 
with alkyl sulfates to yield (35) (36) /3-chloroisopropyl alkyl ethers; with Br2 4 P to yield 

(8) l-bromo-2-chloropropane, b.p. 117.5-118® at 756 mm., Z)‘f = 1.537, = 1.47447 (8), 

see indie, refs.] 

j9-Chloroisopropyl acetate: b.p. 14^150® (3) (2). [From C 4 AcCl (3).] 

/9-Chloroisopropyl benzoate: no b.p. recorded; Z)}® = 1.172 (14). (From C on 

htg. with BzCl at 180° (14); is saponified with great ease by alk. yielding propylene 
oxide (1:6115), b.p. 35^] 

/3-Chloroisopropyl p-nitrobenzoate: unreported. 

^ /3-Chloroisopropyl 3,6-dmitrobenzoate: m.p. 76.5-77.3° (38). 

® l-(Phthalimido)propanol-2 [JV-(/9-hydroxy-n-propyl)phthaliinide: m.p. 88--89° (39), 
90-91° (40). [From C 4 K phthalimide in s.t. at 170° for 3 hrs. (39); see also under 
corresp. deriv. of 2-chloropropanol-l (3:7917).] 

3:7747 (1) Dewael, BtUl. 90 c. chim. Belg. 33, 504 (1924). (2) Henry, Rec. trav. ckim. 33, 209-210. 

326-329 (1903). (3) Bancroft, J. Am. Chem. Soc. 41, 426-427 (1919). (4) Henry, BuU. acad, 

roy. Bdo. 1903, 535-536; Ceni.’ 1903, II 1093-1094. (5) Michael, Ber. 39, 2786-2789 (1906). 

(6) Meerwoin, Hinz, Majert, Sonke, J. prakt. Chem. (2) 147, 237 (1936) . (7) Henry, Bull. acad. roy. 

Belg. 1903, 397-431; Cent. 1903, II 486. (8) Dewael, BuU. soc. chim. Belg. 39, 87-90 (1930). 

(9) Coffey, J. Chem. Soc. 119, 96-97 (1921). (10) Smith, Z. physik. Chem. 93, 59-85 (1919). 
(11) Oppenheim, Ann. Suppl. 6, 367-369 (1868). (12) Michael, J. prakt. Chem. (2) 60, 420- 

423 (1899). (13) Oser, Ann. Suppl. 1, 254 (1861). (14) Morley, Green, J. Chem. Soc. 47, 

132-134 (1886); Ber. 18, 24-26 (1885). (15) Taurko, Ber. 38, 1669 (1905). (16) Biittoii, Cole- 

man, Moore (to Dow Chem. Co.), U.S. 1,987,227, Jan. 8, 1935; Cent. 1935, II 350; C.A. 39,1432 
(1936). (17) Markownikow, Ann. 163, 251-252 (1870). (18) Michael, J. prakt. Chem. (2) 

69 , 454-458 (1899). (19) B’inkelstein (to IG.), Canadian 285,920, Dec. 25, 1928; Cent. 1933, 

I 1163. (20) Tropsch, Kassler, Brit. 377,595, Aug. 18, 1932; Cent. 1933, II 2724. 

(21) Henry, Rec. trav. chim. 36, 138 (1907); BtUl. acad. roy. Belg. 1906, 523-557; Cent. 1906, 

II 1650-1651. (22) Britton, Nutting, Huscher (to Dow Chem. Co.), US. 2,130,226, Sept 13, 

1938; Cent. 1939, I 1856; C.A. 33, 9096 (1938). (23) Soc. Carbochimique, Brit. 445,011, Apr. 
30, 1936; Cent. 1936, II 1244; French 795,804, March 23, 1936, C.A 36, 5592 (1930). (24) 

N. V. De Bataafsche Petroleum Maatschappij, French 740,350, Jan. 24, 1933; Cent. 1933, II 2053. 
(26) Nef, Ann. 335, 204^-205 (1904). (26) Sen. J. Indian. Chem. Soc. 1, 7 (1924). (27) Smith. 

Platon, Ber. 55, 3150-3153 (1922). (28) Isham, Spring (to Doherty Research Co.), U.S. 1,918,- 

967, July 18. 1933; Cent. 1933, II 2063; C.A. 37, 4816 (1933). (29) Krassuski. J. Russ. Phys.- 
Chem. Soc. 34, 287-315 (1902); Cent. 1903, II 19-21. (30) Moureu, Dod6, BuU. soc. ch%m. (6) 4, 
281-296 (1937). 

(31) Smith, Z. physik. Chem, A-153, 153-156 (1931). (32) Ssuknewitsch, Tschilingarjan, 
Ber. 1542 (1936). (33) Farbwerke Meister, Lucius Bruning, Brit. 185,403, Oct. 25, 1922; 
Cent. 1033, II 684. (34) Major, Cline, J. Am. Chem. Soc. 64, 246-247 (1932). (36) Davidson 
(to Carbide and Carbon Chem. Corp.), U.S. 1,730.061, Oct. 1, 1929; Cent. 1030, 1 1366; C.A. 33, 
5474 (1929). (36) Dewael, BuU. soc. chim. Belg. 30, 395-401 (1930). (37) Kireev. Kaplan, 
Zlobin, J. Applied Chem iU.S.S.R.) 7, 1333-1338 (1934) ; Cent. 1036, 1 4286; C.A. 30. 6712 (1935). 
(38) Magrane, Cottle, J. Am. Chem. Soc. 64, 485 (1942). (39) Gabriel. Ohle, Ber. 50, 807 (1917), 
(40) Gabriel, Ohle. Ber. 50, 820 (1917). 
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3:7750 2-CHLORO-8,4-DIMETHTLPENTANE CrHisa BeO.1 — 


(Dimethyl-isobutyl-carbinyl H Cl Ii-(59) 


chloride) 


CH, — A — CH, — A— CH, 

b- 



Ah, Ah, 


B.P. 137-138° dec. et 733 nun. 

(1) 

0.861 (1) 

- 1.4180 (1) 

136-137° 

<2) 


1.4339 (3) 

33-34° at 20 nun. 

(3) 

Di® = 0.8650 (2) 

n}f* = 1.4303 (2) 


(For prepn. of C from 2,4-<liniethylpentanol-2 (dimethyl-isobutyl-carbinol) [Beil. 1-417, 
Ii-(207), l2-(446)] by saturation with HCl (2) or as by-product during its reactn. with 
Aids + CeHe <3) see indie, refs.; for prepn. of C from 2,4-dimethylpentanol-3 (di-isopropyl- 
carbinol) (1:6215) in 100% yield by saturation with HCl gas and stdg. 10 weeks at 20® 
(note rearrangement) <1).] 

C with Mg in dry ether gives (1) RMgCl, which upon oxidation with O2 and subsequent 
hydrolysis gives 32% yield 2,4-dimethylpentanol-2 (dimethyl-isobutyl-carbinol), b.p. 
130-131® at 738 mm., Z)f = 0.811, n?? = 1.4166 <1). 

[For reactn. of C with AICI3 + CeHe yielding 2,4-dimethyl-2-phenylpentane, b.p. 218®, 
D\^ = 0.8741, ® = 1.49383, see (2).] 

3:7750 (1) Whitmore, Johnston, J. Am. Chem. Soc. 60 , 2267 (1938). (2) Schreiner, J. praki. 

Chem. (2) 82, 294 (1910). (3) Huston, Fox, Binder, J. Org. Chem. 3, 252-263 (1939). 


3:7752 


1-CHLORO-2-METHYLPROPANOL-2 C4H9OCI 

(Chloro-ter-butyl alcohol; CHs 


chloro-trimethylcarbinol ; 
isobutylene a-chlorohydrm ; 
a,a-dimethylethylene a-chlorohydrin ) 


CHj— (!; CHj 

Ah Ai 


B«U. I - 383 
Ii— 

I,-(415) 


B.P. 

138-139“ <1) (2) 

137-139° (3) 

137-138.5* (4) 

136-138° <S> (6) (7) 

136-137° at 736.4 nun. <8) 

136.7° (9) 

136.0- 136.5° at 748.3 nun. (10) 

71.0- 71.5° at 100 nun. (10) 


M.P. 
-30° (5) 


1.0638 (0) 


[iSee also 2-<:hlorO’-2-methylpropanolA (3:7905).] 

Colorless liq. somewhat sol. aq.; 100 g. aq. at 20® dis. 18.6 g. C (note also that 100 g. C 
at 20® dis. 19 g. H2O) (9). — C forms with aq. a const.-boilg. mixt., b.p. 93-94® at 760 
mm., contg. 34% aq. (9). 

[For prepn. of C from 3-chloro-2-methylpropene-l (methallyl chloride) (3:7145) or 
from l-chloro-2-methylpropene-l (/3,/3-dimethylvinyl chloride) (3:7120) by cat. hydration 
of their unsatd. linkage (63-66% yield) see (9) <11); note that the former with 80% H2SO4 
at 0® or the latter with 90% H2SO4 at —10® to 0° stirred for 2}^ hfa., poured onto ice, and 
distilled gives 63-66% of the initial chloride as C; note that other acids can also be used 
for this hydration, e.g., 85% H8PO4, 70% HNO3, 60% HCIO4, benzenesulfonic acid, etc., 
each having its own optimum conditions (9); note also that in this process some 32-18% 
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respectively of the initial chloride is not hydrated but partially isomerized to a xnizt. 
contg. 90% /3,/S-dimethylvinyl chloride (3:7120) + 10% methallyl chloride (3:7145) 
irrespective of whichever one was initially employed (9).] 

(For prepn. of C from l,2^ichloro-2-methylpropane (isobutylene dichloride) (3:7430) 
by liq.-phase hydrol3rsis of the more reactive halogen atom imder neutral (or even slightly 
acidic or basic) conditions (best yield 48% by refluxing 18 hrs. with aq.) see (10).] 

(For prepn. of C from chloroacetone (3:5425) or ethyl chloroacetate (3:5700) with 
MeMgBr (jaelds: 60% (5), 38% (12)) (3) (6) or MeMgl (20% yield (4)) see (3) (5) (6) (12) 
(note that C is accompanied (as a result of reaction of a second MeMgBr (13) (14)) by 
some 2-methylbutanol-2 (1:6160)); for prepn. of C from isobutylene with HOCl (yields: 
64% (6), 63% (1), 60% (7), 47% (2)) (5) (15), with CI2 + H2O (16) (17) in pres, of 10% 
CuCl2 (80-^5% yield (24)), or with fer-butyl-hypochlorite (3:7165) (18) see indie, refs.; 
for formn. of C from l,2-epoxy-2-methylpropane (isobutylene oxide) (1:6117) with HCl 
gas in ether see (19) (6) (4) (1) (note, however, that the prod, is a mixt. consisting of about 
C contaminated with about H of the isomeric 2-chloro-2-methylpropanol-l (3:7905)).] 
[For formn. of C from l-amino-2*methylpropanol-2 hydrochloride with cone. HCl in 
s.t. at 100° see (12).] 

[C on reduction with Na/Hg in dil. HCl yields (2) (15) 2-methylpropanoH (isobutyl 
alcohol) (1:6165); this unexpected result presumably is due to intermediate formation of 
isobutylene oxide (1:6117) which on reduction opens the ring to give isobutyl ale. (not 
ter-butyl alcohol).] 

[C on protracted oxidation, e.g., with mixt. of 1.5 wt. pts. fumg. HNOg -f 3.5 wt. pts. 
cone. HNO3 at 75° for 20 hrs. (2), gives traces of chloroacetone (3:5425) and a little oxalic 
acid (1:0445) and a-chloroisobutyric acid (3:0235) (5).] 

C on refluxing with aq. is slowly (e.g., 56% in 14 hrs. (2)) (21) converted to isobutyralde- 
hyde (1:0120); note that this reaction carried out above 100° under press. (20) is greatly 
accelerated. 

[C with warm cone. HCl yields (10) (5) l,2-dichloro-2-methylpropane (3:7430).] 

C on solution in cold 45% H2SO4 followed by warming loses H2O and yields (9) a mixt. 
consisting of about 90% l-chloro-2-methylpropene-2 (methallyl chloride (3:7145)) ac- 
companied by about 10% l-chloro-2-methylpropene-l (^,/5-dimethylvinyl chloride) 
(3:7120); a mixt. of these two chlorides has also been obtd. by use of P2O5 (1) (2) or an- 
hydrous oxalic acid (2) (22).] 

[C added dropwise to dry powdered KOH, NaOH, CaO, or Ca(OH)2 loses HCl and gives 
(95% yield using NaOH (10), 67% using KOH (6)) l,2-epoxy-2-methylpropane (isobutylene 
oxide) (1:6117), b.p. 56.0-56.5° cf. (24).] 

[0 with aq. alkali ultimately yields 2-methylpropanediol-l,2 (isobutylene glycol) (1 : 6446) 
or its polymerization products; for study of kinetics of reaction of C with aq. alk. see (4) (8).] 
[C with KCN in 4 vols. 80% ale. refluxed for 15-20 min. gives (45-50% yield (23)) 
/S-hydroxy-isovaleronitrile [Beil. III-328], b.p. 210-212° at 756 mm., 130-132° at 30 mm., 
f.p. -12°, - 0.96762, riD = 1.42911 (23).] 

[C with aq. 23% EtNH2 (4 moles) in s.t. at 100° for 8 hrs. gives (70-75% yield (25)) 
l-(ethylamino)-2-methylpropanol-2, b.p. 156° (B.HCl, m.p. 151° (25)). — C with aq. 
£t2NH refluxed 3-4 hrs. gives (60% yield (26)) l-(diethylamino)-2-methylpropanol-2, 
b.p. 164-165° at 761 mm. (26), « 0.8382 (27), « 1.4253 (27) (B.PkOH, m.p. 

90-100° (26)). — For reactn. of C with N-methyianiline, N-ethylaniline, or di-n-butylamine 
see (27).] . * 

Chloro-/sr.butyl acetate: b.p. 154° at 760 mm. (28), 153-154° (5), - 1.0626 

(28), - 1.4340 (28). [From C + AcQ (5); also indirectly (28% yield (28)) from 
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isobutylene + A^^iV^'-dichlorourea in AcOH.] — [For analogous indirect prepn. of the 
formate, chloroacetate, and tricbloroacetate see (28).] 

Chloro-/er-butyl benzoate: unreported. 

Chloro-fer-butyl ^-nitrobenzoate: unreported. 

Chloro-/er-butyl 8,6-dinitrobenzoate: unreported. 

O l-(^-Phthalimido)-2-methylpropanol-2 (Ar-(a-hydroxyisobutyl)phthalimide): ndls. 
or Ifts. from ale., m.p. 106-107® (12). [From C -f- K phthalimide in 8.t. at 150® for 
4 hrs. (60% yield (12)).] 

3:7752 (l) Michael, Leighton, J. prakt. Chem. (2) 64, 103-104 (1901). (2) Michael, Leighton, 
Ber. 89, 2157-2163 (1906). (3) Tiffeneau, Compt. rend. 134, 775 (1902). (4) Nillaon, Smith, 

Z. phyaik. Chem. A-166, 143-144 (1933). (5) Henry, Rec. trav. chim. 26, 142-151 (1907); BuU. 
acad. rpy. Belg. 1966, 523-557; Cent. 1906, II 1550-1551; Compt. rend. 142, 131, 494-496 (1906). 
(6) Krassusky, J. prakt. Chem. (2) 75, 241-247 (1907). (7) Krassusky, J. Ruaa. Phya.-Chem, 
Soc. 83, 1-26 (1901); Cent. 1901, I 995-997. (8) Evans, Z. phyaik. Chem. 7, 338-357 (1891). 
(9) Burgin, Hearne, Rust, Ind. Eng. Chem. 33, 385-388 (1041). (10) Sparks, Nelson, J. Am. 

Chem. Soc. 58, 1010-1011 (1936). 

(11) GroU, Burgin (to Shell Development Co.), U.S. 2,042,222, May 26, 1936; Cent. 1937, I 
1M6; C.A. 30, 4875 (1936); N. V. de Bataafsche Petroleum Maatschappij, French 791,644, 
Dec. 14, 1935; Cent. 1936, II 2227. (12) Dersin, Ber. 54, 3158-3160 (1921). (13) Henry, 
Compt. rend. 145, 24 (190D* (14) Fourneau, Tiffeneau, Compt. rend. 1^, 438 (1907). (15) 
Butlerow, Ann. 114, 25-26 (1867). (16) Kautter, U.S. 2,060,086, Oct. 17, 1936; Cent. 1937, 

I 3873; N. V. de Bataafsche Petroleum Maatschappij^ French 799,805, June 20, 1936; Cent. 1936, 

II 3468; C.A. 30, 8250 (1936). (17) Britton, Nutting, Huscher (to Dow Chem. Co.), U.S. 

2.130,226, Sept. 13, 1938; Cent. 1939, I 1856; C.A. 32, 9096 (1938). (18) N. V. de Bataafsche 
Petroleum Maatschappij, French 740,350, Jan. 24, 1933; Cent. 1933, I 2870. (19) Michael, 

Leighton, Ber. 39, 2789-2795 (1906). (20) GroU, Kautter (to Shell Development Co.), U.S. 
2,042,225, May 26. 1936; Cent. 1937, I 184; C.A. 30, 4872 (1936); Canadian 363,685, Jan. 26, 
1937; Cent. 1937, II 1661. 

(21) Krassusky, BiUl. aoc. chim. (3) 24, 236 (1900). (22) Krassusky, J. prakt. Chem. (2) 64, 
389-390 (1901). (23) Lemaire, Rec. trav. chim. 29, 58-60 (1910); BiUl. acad. roy. Belg. 1909, 

83-159; Cent. 1909, I 1982. (24) Moureu, Dod5, BuU. aoc. chim. (5) 4, 286-289 (1937). (25) 

Krassuskii, Kutzenos, Ukrain. Khem. Zhur. 4, Sci. Pt., 75-77 (1929); Cent. 1929, II 2174; C.A. 
24, 1083 (1930). (26) Krassusky, Stepanoff, J. prakt. Chem. (2) 115, 321-324 (1927). (27) 

K. N. CampbeU. B. K. CampbeU, Proc. Indiana Acad. Set. 49, 101-104 (1939) ; C.A. 35, 5460 
(1941). (28) Likhosherstov, Petrov, J. Gen. Chem. iU.S.S.R.) 9, 2000-2008 (1939); C.A. 34, 

4381 (1940). 

3:7755 2,2-DICHLOROPENTANE Cl 

CHi.CHs.CHr-<!>-CH, 

il 

BJ>. 128-129” cor. <1) K*? 

44® at 31 mm. (1) 

36-37® at 20 mm. (1) 

The prod, upon which the above data are based was admittedly impure, stiU contg. 
20% 2,3-dichloropentane (3:8010) q.v. 

[For prepn. of C from methyl n-propyl ketone (1:5415) with PCIb see (1) (2) (3); for 
fomm. of G (together with other products) from pentane (1:8505) + CI 2 see (4).] 

C with ale. KOH gives (2) 2^hloropentene-l (3:7280) and pentyne-1 (1:8025). — 
C on boilg. with NaNH 2 in xylene gives (1) pentyne-1 (1:8025). 

[For reactn. of C with SbFs yielding 2,2-difluoropentane, b.p. 59.8®, » 0.8958, 

^ 1.33570, see (3).] 

6:7755 (l) Bourgeul, Ann. chim. (10) 6, 220, 368-370 (1925); BvU. aoc. chim. (4) 35, 1634 (1924). 
(2) Bruylwts, Ber. ^ 411 (1875). (3) Henne, RenoU, Leicester, J. Am. Chem. Soc. 61, 938-940 


C 6 HioCl 2 BeiL I - 131 
Ii- 

Ia-( 95) 


= 1.040 (1) nl? * 1.434 (1) 
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(1939). (4) Lemke, Tubehenko, J. (Ten. Chem. (V3.S.B.), 7, 1995-1998 (1937): Cent. 1989, I 
3397; C.A. 88, 482 (1938). 


3: 7760 ISOBUTYX CHLOROFORMATE C6Hg02Cl BeU. m - 12 

(Isobutyl cUorocarbonate) (CHs)2CH.CH2.0.CO.Cl nii-( 6) 

mj-cii) 

BJ». 128.8” cor. (1) (2) = 1.0425 (3) 

ngj* = 1.40711 (3) 

= 1.0445 (4) 

Colorless mobile lachrymatory oil. — Insol. in aq. and only slowly hydrolyzed by it 
even on htg. 

(For prepn. of C (35% yield (2)) from isobutyl ale. (1:6165) + phosgene (3:5000) 
see (1) (2) (5).l 

® Isobutyl carbamate [Beil. 111-29]: from C in CeHe by treatment with NHs gas, filtra- 
tion of pptd. NH4CI, and evapn. of solvent; Ifts. from aq., m.p. 61® (6); 64.4® <7); 
64r-65° {8). 

® Isobutyl iV-phenylcarbamate (isobutyl carbanilate) [Beil. XII-321]: from C in ether 
by treatment with ether soln. of aniline (1 mole) -1- pyridine (1 mole); ndls. from 
ale., m.p. 86® (9) (10). 

8:7760 (l) Roese, Ann. 206, 230 (1880). (2) Hamilton. Sly, J. Am. Chem. Soc. 47, 436 437 

(1925). (3) von Auwers, Ber. 60, 2140 (1927) (4) Dobroaserdow, Cent. 1911, I 955 (5) 
Hochstetter, Ger. 254,471, Feb. 16, 1915; Cent. 1916, 1 464. (6) Thiele, Dent, Ann 302, 271 
(1898). (7) Brunei, Ber. 44. 1002 (1911). (8) Schmidt, Z. physik. Chem. 68, 514 (1907). (9) 

Michael, Cobb, Arm. 363, 84 (1908). (10) HUckel, Ackermaiin, J prakt. Chem. (2) 136, 23 (1933). 


: 7880 /J^-DIMETHYL n-BUTYRYL CHLORIDE CeHnOCl 
((er-Butylacetyl chloride) ^1^3 

CHs— C— CH2~C=0 

I 

H3 Cl 


BeU. S.N. 162 




128.5-130.3® 

at 746 mm. (1) 

= 0.9696 (1) 

ng* = 1.4230 

(6) 

79.5® 

at 166 mm. (2) 

0.968 (3> 

1.4226 

(5) 

79-81® 

at 160 mm. (3) 


1.422 (1) 

(3) 

79 

at 160 mm. (4) 


1.4213 

(2) 

68® 

51® 

at 100 mm. (5) 
at 44 mm. (6) 

Z)? = 0.9872 (1) 

1.4212 

(4) 


(For prepn. of C from ter-butylacetic acid (1:1112) with SOCI2 (1) (yields: 93% (3), 
86% (4) (5), 84% (2)) see indie, refs.) 

(For reactn. of C with various ales, to give corresp. alkyl ter-butylacetates see (2) (3) (7): 
e.g., methyl ter-butylacetate, b.p. 126.5® at 739 mm. (3), 128° at 735 mm. (2), = 0.8710 

(3), ng « 1.3997 (2), 1.3981 (3); ethyl ter-butylacetate, b.p. 144.5-144.7® at 739 mm. (3), 
Dj® » 0.8604 (3), n|>® = 1.4010 (3).] 

[For behavior of C with a large excess of various Grignard compounds see following refs.: 
with EtMgBr (5), n-PrMgBr (5), w<>-PrMgBr (2), n-BuMgBr (5), iso-BuMgBr (2), ter- 
BuMgCl (4) (6), n-AmMgBr (5).] 

C on hydrolysis yields ter-butylacetic acid (1:1112) q.v. (for the amide, anilide, p- 
toluidide, and other derivatives corresponding to C see 1 : 1112). 



1076 


LIQUIDS WITH < 1.16 


3:7880-3:7893 


3:7880 <1) Hommelen, BvU. soc. chim. Bdg. 43, 243-250 (1933). ( 2 ) Whitmore, Foster, J, Am, 
Chem. Soc. 64, 2966-2968 (1942). (3) Homeyer, Whitmore, Wallingford, J. Am. Chem. Soc,55, 
4211-4212 (1933). (4) Whitmore. Heyd, J. Am. Chem. Soc. 60, 2030-2031 (1938). (5) Whit- 
more, Popkin, Whitaker, Mattel, Zech, J. Am. Chem. Soc. 60, 2462-2464 (1938). ( 6 ) Whitmore, 
Whitaker, Mosher, Breivik, Wheeler, Miner, Sutherland, Wagner, Clapper, Lewis, Lux, Popkin, 
J. Am. Chem. Soc. 63, 643-654 (1941). (7) Whitmore, Homeyer (to Mallinckrodt, Chem. Works), 
U.S. 2,052,995, Sept. 1 , 1936; Cent. 1036, II 3846; C.A. 30, 7125 (1936). 


3: 7885 d,M,4-DICHLORO-2-METHYLBUTANE 


CsHioCL 
Cl CH3 

H— <I>-CH2— CHj 


ii 


H 


B.P. 130° (1) .. l.OS (1) 

139.9-131.6° (2) 

138-130° (3) 


BeU. I - 136 
Ii-( 47) 

I 2 


Colorless limpid liquid, inaol. aq., sol. in ale. or ether. 

[For prepn. of C from isovaleraldehyde (1:0140) with PCls see ( 1 ) < 2 > <3); for formn. of 
C by actn. of CI 2 (+I 2 ) on diisoamyl sulfide see (4).] 

C with KOH gives <1) <3) 4-chloro-2-methylbutene-3 (3:7215) and ultimately 3-methyL 
butyne -1 (isopropylacctylene) (1 :8010), b.p. 28®. 

C htd. with PbO + H 2 O gives (4) isovaleraldehyde (1:0140). 

3:7886 (l) Ebersach, Ann. 106, 265-266 (1858). ( 2 ) Kohlrausch, Monateh. 65, 197 (1935). 
(3) Bruylants, Ber. 8 , 413-414 (1875). (4) Spring, Lecrenier, BiUl. soc. chim. (2) 48, 627 (1887). 


3:7890 d,M-CHLORO-6-METHyLHEXENE-2 


C 7 H 13 CI 


(d,W-Chloro-2- 

methylhcxcnc-4) 


B.P. 130® 


ch3.ch-=(::h- 


CH3 

-CH— CH— CH 3 

ii 


( 1 ) 


38-40® at 8 mm. <2) 


Beil. I — 

11- 

12- (198) 


[For prepn. of C from 2-methylhexen-4-ol-3 [Beil. 1-447, l2-(489)] with cone. HCl at 
ord. temp. (90% yield ( 2 )) or with SCKJL in pet. ether ( 1 ) see indie. refs.J 

[C with quinoline loses HCl on boilg. giving ( 1 ) 2-methylhexadieno-2,4 [Beil. 1-257, 
l2-(235)], b.p. 99® <!).] 

[C with diethylamine yields (3) 3-diethylamino-2-methylhexcne-4, oil, b.p. abt. 175® < 3 ).] 

3:7890 (l) Staudinger, Muntwyler, Ruzicka, Seibt, Helv. Chim. Acta 7, 399 (1924). (2) Bottcher 
(to I.G.), Gor. 508,891, Oct. 2, 1930; Cent. 1930, II 3637; C.A. 26, 710 (1931). (3) Bottcher 
(to I.G.), Ger. 487,787, Dec. 16, 1929; Cent. 1930, I 1050. 


3:7893 3-CHLOROPENTANONE-2 CsHgOCl 

(a-Chloro-n-propyl methyl CH 3 — CH 2 — CH — C — CH 3 
ketone) I j] 


B.P. 130® ( 1 ) 

130-133® (2) 

63® at 96 mm. (3) cf. <7) 
62-66® at 66 mm. (7) 


Beil. I - 678 

11- 

1 2 — 
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[For prepn. of C from pentanone-2 (methyl n-propyl ketone) (1 :5416) with CI2 (yields: 
35.6% (3), 85% crude (2)) cf. (6) or with SO2CI2 in CaHe (44% yield (7)) see indie, refs.; 
from ethyl o-chloro-a-ethylacetoacetate [Beil. III-694, IIIi-(241), IIl2-(438)] by ketonic 
cleavage with dil. HCl in s.t. at 180° for 4-6 hrs. see (1) cf. (7).] 

[C in abs. ale. treated with NH3 gas yields (2) 2,5-dimethyl-3,6-diethylpyrazine [Beil. 
XXIII-101], liq., b.p. 215-217°, forming with aq. a sublimable hydrate, m.p. 42.5°. (Note 
that 2-chloropentanone-3 (3:7935) similarly treated gives same prod.) — C with equiv. 
amt. ethyl /9-aminocrotonate [Beil. III-654, IIIi-(228), III2- (423)1 in pres, of excess cone. 
NH4OH gives (27.3% yield (4)) ethyl 2,5-dimethyl-4-ethylpyrrolecarboxylate-3 [Beil. 
XXII-33, XXIIi-(501)], cryst. from dil. MeOH, m.p. 74r-75° (4); note, however, m.p. 
106-107° (5) reported for this prod. obtd. in a dif. way.) 

(C with thioformamide gives (29% yield <7)) 4-methyl-5-ethylthiazole, b.p. 169.5-170° 
at 745 mm., 78-79° at 25 mm. (7).] 

3:7893 (1) Conrad, Ann. 186, 241-242 (1877). (2) Ddmotre-Vladesco, BvR. aoc. chim. (3) 6, 
832-834 (1891). (3) Korschun, Bull. aoc. chim. (4) 3, 595-596 (1908). <4) Korschun, BuU. 

aoc. chim. (4) 3, 594-595 (1908). (5) Vecchi, Gazz. chim. ital. 44, I 477 (1914). (6) Justoni, 

Chimica e induatria (Italy) 24, 195-201 (1942); Cent. 1943, 1 1659. (7) Buchman, Kichardson, 
J. Am. Chem. Soc. 67, 397 (1945). 


3:7896 8,8-DICHLOROPENTANE Cl CsHioCb 

CHa-CHs— i— CH2.CH3 

ii 

B.P. 131-138” at 780 mm. (1) Di* - 1.063 (1) 

32° at 14 mm. (1) 

C has never been reported in completely pure form; the above material contains abt. 
20% 2,3-dichloropentane (3:8010) q.v. (1). 

[For prepn. of C (together with other products) from diethyl ketone (1:5420) with 
pels see <1).] 

8:7895 (l) Bourgeul, Compt. rend. 178, 1559 (1924); Bull. aoc. chim. (4) 35, 1635 (1924); Ann. 
chim. (10) 3, 371 (1925). 


Beil. I — 

11- 

12- (96) 


ng> = 1.448 (1) 


3:7900 


a^a-DIMETHYl-n-BITTYRYL CHLORIDE 

(Dimethyl-ethyl-acetyl chloride) 


CeHiiOCl 


CHs 

ch,.ch 2— i — c=o 


in, ii 


Beil. H - 336 
Hi— 
Ife- 


B.P. 138° at 780 mm. (6) 

131.6- 138.4° at 748 mm. (1> 

131.7- 131.9° (2) 

129.8° at 727 mm. (5) 

23° at 12 mm. <3) 

27° at 11mm. <4) 


JDi^ « 0.9801 (1) n|? » 1.4246 <6) 
D2 « 0.9973 (1) 


[For prepn. of C from 2,2-dimethylbutanoic acid-1 (1 : 1113) with SCXJU (50% yield (6)) 
see (1) (6); with benzoyl chloride (yield not pven) see (6).] 

[For reactn. of C with isobutyl zinc iodide yielding (3) 2,5,5-trimethylheptanone-4 
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(tetrahydroartemisaketone) see (3); for reactn. of C with isopropyl MgBr yielding (by 
reducing actn.) 2,2-dimethylbutanol-l (1:6204) and 2,4,4-trimethylhexanol-3 (6) see (6).l 
C on hydrolysis }rields 2,2<dimethylbutanoic acid-1 (1 : 1113) q.v. (for the amide, aniUde, 
p-toluidide, a-naphthalide, and other derivatives corresponding to C see 1:1113). 

8:7900 (1) Hommelen, Bidl. soc. chim. Belg. 42, 243-250 (1933). (2) Kohlrausch, Pongratz, 

Z. physik. Chem. B-22, 383 (1933). (3) Ruzicka, Reichstein, Pulver, Helv. Chim. Acta 19, 648- 
649 (1936). <4) Reichstein, Rosenberg, Eberhardt, Helv. Chim. Acta 18, 723 (1935). <6) 

Whitmore, Foster, J. Am. Chem. Soc. 64, 2966-2968 (1942). (6) Degnan. Shoemaker. J. Am, 
Chem. Soc. 68, 104-105 (1946). 
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<0 

CeHsCl 

Beil.V- 

199 


(Phenyl chloride) 


Vi-(109) 






V*-(148) 

B.P. 



F.P. 




132.10-132.12® 

cor. (1) 

-44.0® (21) (22) 

= 1.1016 

(14) 


132.07 

® at 

760 mm. (2) 

-45.0® (23) (24) 

1.1012 

(31) 


132.02’ 

’ at 761.8 mm. (3) 

(7) (25) 

1.1011 

(32) 


132.0® 

at 

760 mm. (4) 

-45.1® (4) 

1.10091 

(4) 



(5> (6) (7) (8) <9) (10) 

-45.2® (26) (27) 

«26 _ 

1.5222 

(14) 

131.83’ 

’ at 

760 mm. (11) 

(28) (29) 


1.5221 

(28) 

131.7® 

at 

760 mm. (12) 

(8) 


1.5217 

(31) 

131.6® 


(13) 

-45.29® (2) 


1.5215 

(36) 

131.4-131.6® at 

748 mm. (14) 

See Note 2. 

Df = 1.1066 

(38) 


130.7* 

at 

766 mm. (15) 


1.10643 <33) 


130.6“ 

at 

766 mm. (16) 


1.1064 

<12) 


130.6“ 

at 

719 mm. (17) 


1.10631 

(4) 


114.9“ 

at 468.6 mm. (17) 


«20 
n© = 

1.6351 

(37) 

99.7“ 

at 292.8 mm. (17) 



1.635 

(2) 

44.8“ 

at 

30 mm. (18) 



1.63479 <38) 

See Note 1. 




1.63469 (15) 


Dl^ = 1.11172 (4) 


See Note 3. 

n}>® = 1.52748 (4) 
1.5272 <39) 
See Note 4. 

Note 1. For further data on b.p. of C at various press, in range 98-758 mm. see (19), 
between 3-11, 188 mm., see (20). 

Note 2. For details on m.p. of C under high pressures see (26) (30). 

Note 3. For details on over range 0.3-123.6® see (34), over range —42.7® to + 
126® see (35). 

Note 4. For details of change of refractive index with pressure see (40). 

C is pract. insol. aq.; for precise data see (11) (225). — C is very eas. sol. ale., ether, 
CeHe, CHCI 3 , CS 2 . — For detn. of C in mixt. with CeHe and the dichlorobenzenes see (226) 
(227). — For use of C as immersion fluid in refractometry see (228). — For toxicity of C 
see (229). — For brief study of detn. of vapors of C in air using a combustion method see 
(230). 

Selected data and references on physical properties of mixts. of C with other epds. (for 
additional data and references on many other systems see Beilstein). 

Binary systems. G with forms a const.-boilg. mixt., b.p. 90.2® at 760 mm., contg; 
71.6® G (41) (use in sepn. of C from polychlorobenzenes see (69)): C with acetone (1:5400). 
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vapor/liq. equilibrium see <13): C with acetic add (1 : 1010), f.p./eompn. data and diagrams 
(eutectic, m.p. -48.5^contg.97%C (28)) see indie, refs. : C with (1 : 7400), f.p./compn. 
diagram see (24): C with aniline^ liq./vapor equil., /^f/compn., etc., see (43): C with 
nitrobemenef f.p./('ompn. data + diagram (eutectic, m.p. —50.7° contg. 78.3 wt. % C) 
see {21): C with pyridim^ f.p./compn. data_+ diagram (eutectic, m.p. —63.5°, contg. 
64% C) and also no/compn. diag. see (28): C with o~chlorotoluene (3:8245), f.p./compn. 
diagram (eutectic, m.p. abt. —71°, contg. 39.4 mole % C) see (44); C with m-dtchlorobenzene 
(3:5960), f.p./compn. data, see (23): C with benzoyl chloride (3:6240), f.p./compn. data 
see (45): C + ethylene dihromide^ f.p./compn. diag. (eutectic, m.p. —55° contg. 83 mole 
% C) see (44); vapor-press, equil. see (46): C hromobenzenej f.p./compn. diagram (no 
eutectic) see (22) (24); for use in testing efficiency of distillation columns see (39): C -f 
iodohemene, f.p./compn. diagram (eutectic, m.p. —51.5°, contg. 57% C) see (22) (24): 
C fiuoTobenzene, f.p./compn. diagram (complex system) see (22) (24). 

Ternary Systems. C with aq. + HCl forms ternary const.-boilg. mixt., b.p. 96.6° at 
756 mm., contg. 74.5 wt. % C + 20.2 wt.. % aq. -f 5.3 wt. % HCl (41): C with aq. -f- acetone^ 
solubility diagram see (47): C + ethylene qlycol (1:6465) + acetone ^ soly. of system at 
23® see (48). 

Preparation of C. Because of the magnitude of the literature on this topic only a few 
selected references can be given here; reference should also be made to Beil. V-199, Vi-(109) 
and V2-(148). 

[For prepn. of C from CeHe with CI 2 in pres, of SnCU at 30--40° (49), with NOCl at 425° 
(50), with HCl + O 2 (air) + cat. (51) see indie, refs.; for discussion of prepn. of industrial 
C see (52); for study of photochem. chlorination of CeHe see (53).) 

[For prepn. of C from aniline via formn. of benzenediazonium chloride/ZnCU cpd. and 
htg. with molten phenol (40% yield C + 26% hydroxybiphenyl -f 20% diphenyl ether 
(54)) or by isolation of solid benzene diazonium chloride and cautious dccompn. by warming 
in various org. solvents see (55); from p-chloroaniline via formn. of p-clilorobenzenedia- 
zonium chloride/ZnCl 2 cpd. and htg. latter with EtOH (67% yield) or EtOH + Zn dust 
(60% yield) see (54); from phenylhydrazine by oxidn. with aq. FeCU at 70° (61% yield) 
or with HCIO 3 (30% yield) see (56); from CeHsMgBr with ethyl hypochlorite (3:7022) 
(60% yield (57)), sulfuryl chloride (57), benzenesulfonyl chloride (yields: 52% (58), 25% 
(57)), other aromatic sulfonyl chlorides (58) (57), iV-chloropiperidine and other iV-chloro- 
amines (59), or N-chloro-p-chlorobenzaldimine (60), see indie, refs.) 

[For formn. of C from benzoyl chloride (3 : 6240) on htg. in porcelain tube at 550-600° 
see (61); from benzeneazotriphenylmethane on warming in CCU sec (62); from 6is-(p- 
chlorophenyl)zinc by reaction with aq. see (63); from phenylboric acid with Cb/aq. or 
refluxed with aq. CuCl 2 (85% yield) see (64); from CeHe -f n-butyl chlorosulfonate + 
AlCls (11% yield) see (65); from CeHe with SeCU 4* AICI 3 see (66); from 4-chlorodiphenyl 
sulfide by htg. with sulfur see (67); from 2-chlorobenzophenone (3 :0715) or 4-chlorobenzo- 
phenone (3:1914) on fusion with KOH/NaOH see (68).] 

Pyrolysis. C passed over Pt wire at bright red heat (70) or through hot Fe tube (71) 
yields 4,4'-dichlorobiphenyl (3:4300) accompanied by biphenyl (1:7175), 4-chlorobiphenyl 
(3: 1912), and other products. 

Reduction. C in EtOH at 55® with excess H 2 at 3 atm. in pres, of Adams’ cat. readily 
(72) yields cyclohexane (1:8405). — C with H 2 or NH 2 .NH 2 in MeOH or EtOH in pres, 
of Pd/CaCOa gives (73) cf. (74) small yields of biphenyl (1:7175). — C with Na in boilg. 
EtOH (75), or Na/Hg in EtOH (76), or Na in AmOH (77), or NaOAm in AmOH (78) is de- 
haiogenated, but extent of reactn. varies with conditions. — C with HI + P is unaffected 
at 300° but at 375® yields (79) benzene. — C in aq. or dil. ale. alk, with H 2 in pres, of Ni 
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splits off all (80) its halogen as HCl. — C with H2 -f Ni at 270® yields (81) benzene + 
biphenyl. 

Behavior with chlorine. C with CI2 may add or substitute or both according* to condi- 
tions. — C under dil. aq. NaOH with excess CI2 in sunlight (82) or with CI2 at 0® in dark 
as directed (83) (84) gives (90% yield (83)) heptachlorocyclohexane [Beil. V-23, V2-(12)] 
(known in 2 stereoisomeric forms, ‘'a,'' m.p. 146° (82), " 0 ” m.p. 260® (82)). [For study 
of relative amts, addition and substitution with C + CI2 see (85).] 

C with CI2 in pres, of AICI3 (86), Al/Hg (87), or FeCU (86), or C with SO2CI2 + S2CI2 
+ AICI3 (88), or C htd. with FeCla (89) or PbCl4.2NH4Cl (90), gives mainly 1,4-dichloro- 
benzene (3:0980) accompanied by other products. — C with C;i2 at 400-700° in pres, of 
cat. yields (91) (92) 1,3-dichlorobenzene (3:5960) -j- 1,3,5-tnclilorobenzene (3:1400) and 
other products. 

Behavior with bromine. C with Br2 (93) under aq. (82) or in pres, of AICI3 (94), Al/Hg 
(95), A1 (99), or Fc (99), or C htd. with FeBr.j (96), gives mainly 4-bromoclilorobenzene 
[Beil. V-209, Vi-(116), V2-(162)], m.p. 66°, together with other products; for study of rate 
in AcOH see (97). — C with Br2 at elevated temp, give^ greatly increased proportion of 
Twcio-bromoclilorobenzenc; e.g., C with Br2 at 475° gives (98) 53% m-, 27% p-, and 20% 

0- bromochlorobenzcncs. 

Behavior with metals. C with Li in dry ether under dry N2 gives (35-49% yield (100)) 
phenyllithium [Beil. XVIi-(589)]; for reactns. of latter with fluoro, chloro, bromo, or 
iodobenzene see (101). 

C on boilg. with Na yields (102) CeHe, biphenyl, and other products; C with Na in boilg. 
toluene yields mainly (102) CeHe together with other prods. — C with amylsodium (from 
amyl chloride + Na) in Igr. gives (103) (104) (105) phonylsodium [Beil. XVIi-(589)l 
which with CO2 gives (105) benzoic acid; C w'lth Na -f- diethyl carbonate in CeHe gives 
(79% yield (106)) (for use of other esters such as methyl benzoate, ethyl benzoate, or 
diethyl oxalate m ether see (107)) or C with Na -f- benzophenonc in CeHe gives (98% 
yield (106)) (108) triphenylcarbinol (1:5985). — C with Na -h AsCla in xylene gives 
(82% yield (109)) triphenylarsine; C with Na H- SbCls in xylene yields (109) triphenyl- 
stibine. 

C with Mg/Cu alloy in pres, of I2 (110), or C with Mg in s.t. at 150-160° for 3 hrs. (Ill) 
(112), or C refluxed with Mg -f CU2CI2 (113), gives (yields: 80% (110), 85% (111)) phenyl 
magnesium chloride. 

Behavior with A1 halides. C does not react with AICI3 even on long boilg. (dif. from 
bromobenzene and iodobenzene which react at once) (114). — C with freshly prepared 
fused AlBrs yields (115) bromobenzene. 

Behavior .with Aids + other compounds. C (2 moles) with QCI4 (1 mole) -h AlCla 
(1.75 moles) in CS2 gives (116) (117) 6is- (4-chlorophenyl)dichloromethane [Beil.V -592], 
m.p. 52-53°, together with other prexiucts; C (6 moles) with CCI4 (1 mole) AICI3 (1 
mole) htd. at 66-70° gives mainly (118) 2-chlorophenyl-6is-(4-chlorophenyl)chloromethane 
[Beil. V-703], m.p. 153°, accompanied by a small amt. <m-(4-chlorophenyl)chloromethane 
[Beil. V-703], m.p. 113°. 

C with AcCl (3:7065) or AC2O + AICI3 yields p-chloroacetophenone (3:6735) q.v. for 
details. 

C + furoic acid (1:0475) -|- AICI3 gives (18% yield (119» 6-chloronaphthoic acid-1 
(3:4845); C + methyl furoate (1:3452) + AICI3 gives in good yield (120) methyl 6-chloro- 

1- naphthoate. 

C with phthalic anhydride (1:0725) -f AICI3 gives (121) (122) (123) (124) o-(4-chloro- 
benzoyDbenzoic acid [Beil. X-750, Xi- (356)1, m.p. 147-148°, which on ring closure with 
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cono. H 2 SO 4 yields 2 -chloroanthraquinone (3:4922) q.v. [For corresp. reactns. of C 
with 4-bromophthalic anhydride (125), 4-sulfophthalic anhydride (126), naphthalene-1,2- 
dicarboxylic acid anhydride (127), or naphthalene-2, 3-dicarboxylic acid anhydride (128) 
see indie, refs.] 

lliscellaneous condensations. C with acetylene + AICI 3 gives (129) l,2-bi8(4-chloro- 
phenyDethane (4,4'-dichlorodibenzyl) + other prods., cf. also (130). — C with propylene 
in pres, of sulfonic acids at 86-130® gives (ISl) isopropylbenzene (cumene) (1:7440). — 
C + hexene-3 + H 2 F 2 gives (25% yield (132)) 4-chloro-(r-ethylbutyl)benzene. — C + 
cyclohexene + cone. H 2 SO 4 gives (50% yield (133)) 4-chlorophenylcyclohexane. — C + 
allyl chloride (3:7035) 4* cone. H 2 SO 4 gives (133) l-chloro- 2 -(p-chlorophenyl)propane. 

6 4- isopropyl ale. with 80% H 2 SO 4 at 70® gives (72% yield (134)) 4-chloro-isopropyl- 
benzene (3:8705). — C with ier-butyl ale. 4- AICI 3 gives (135) 4-chloro-ter-butylbenzene; 
C with ter-amyl ale. 4- AICI 3 gives (135) 4-chloro-<cr-amylbenzene. 

C + CO 4* AICI 3 4- TiCU at 60 atm. and 30-35° (136) or C 4- HCN 4- AICI 3 at 100 ® 
for 6 hrs. (137) gives p-chlorobenzaldehyde (3:0765). — C 4- CO 4- cat. 4“ steam at 300- 
400® (138) (139) gives benzoic acid. — C with paraformaldehyde 4" ZnCh (140) (142) or 
C with formalin 4- HCl (141) or C with chloromethyl methyl ether (3:7085) 4- ZnCL 
(142) or C with 6 is- (chloromethyl) ether (3:5245) 4- ZnCl 2 (142) yields p-cWorobenzyl 
chloride (3:0220) q.v. — C with p-chlorobenzyl chloride (3:0220) 4 H 2 SO 4 3 rields (142) 
4,4'-dichlorodiphenylmethane. 

C with chloral (3:5210) or chloral hydrate (3:1270) 4 cone, or fumg. H 2 SO 4 gives 
l,l,l-trichloro-2,2-5is-(p-chlorophenyl)ethane (“DDT^*) (3:3298) q.v. 

Hydrolysis. C is unaffected by protracted boilg. with aq. or even ale. alk.; however, 
by use of increased temp, and press, especially in pres, of catalysts the hydrolysis of C 
constitutes an extremely important industrial process for manufacture of phenol. 

For general studies on the catalytic hydrolysis of C to phenol with steam at elevated 
temperatures see (143) (144) (145) (146); for patents employing this method see (147)- 
(159) inch — For r 6 sum 6 of prepn. of phenol via llaschig method (CeH® 4 HCl 4 O 2 to 
C with subsequent hydrolysis) see (160); for relevant patents see (161) (162) (163). — 
For sepn. of products of hydrolysis see (41) (164). 

C may also be hydrolyzed to phenol by means of aq. NaOH, Ca(OH) 2 , Na 2 C 03 , NaHC 03 , 
etc., at elevated temp, and press, especially in pres, of catalysts, notably copper: for impt. 
general review of these methods up to 1927 see (165); for general discussion see (166); for 
recent patents on this process and its variants see (167)-(182) inch — For conv. of C 
with alk. to 4-hydroxybiphenyl (1 : 1585) see (183) or to diphenyl ether (1 : 7125) see (184) 
(185) (186). 

C htd. with aq. Na 2 S, NaSH, or H 2 S under press, gives (187) (188) (189) (190) diphenyl 
sulfide and/or thiophenol. — C 4 H 2 S 4 cat. at 700® gives (191) thiophenol. 

[For use of C in prepn. of suKur dyes by htg. with sulfur see (192) (193).] 

Ammonolysis. C with dry NH 3 does not react even in pres, of Cu 4 I 2 and high temp, 
and press. (194). — However, C with cone. aq. NH 4 OH htd. at high temp, and press, 
especially in pres, of Cu, Cu cpds., or other cat. yields aniline and/or diphenylamine; for 
general discussion of this reactn. see (195) (196) (197) (198) (199); for illustrative patents 
see (200)-(208) inch ; for purification of reactn. prod, see (209) (210). — For behavior of 
C with Na in liq. NHs ( 211 ) and its use in detn. of halogen content of C ( 212 ) see indie, 
refs. — For behavior of C with KNH 2 in liq. NHs see (213) (214). 

Nitration. C on mononitration, e.g., with mixt. of 10 ml. HNO 3 (I> - 1.52) 4 50 ml. 
HNOs (jD « 1.48) for 25 g. C at 0 ® (215), gives a prod, contg. 69.9% p-chloronitrobenzene 
(Beil. V-243, Vi-(130), V2-(183)], m.p. 82®, together with 29.8% o-chloronitrobenzene 
[Beil. V-241, Vi-(129), V 2 -( 180 )], m.p. 32®; the p/o ratio is but little different at —30®; 
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for f.p./compn. curve of system p-chloronitrobenzene/o-chloronitrobenzene (eutectic, 
m.p. 14.7®, contg. 33.1% p-isomer) see (215). — For mononitration using 0.9 g. of 70% 
HNO 3 + 1.29 g. 94% H 2 SO 4 per gram of C (216) or using nitrosulfonic acid (from fumg. 
HNOa treated with SO 2 ) at 30® (217) or using Fe(N 03)8 in AcaO at 40-45® (218) see indie, 
refs. — Note that no appreciable amt. of rri-cUoronitrobenzene is formed by direct nitration 
of C. 

C on dinitration, e.g., with 5 wt. pts. of a mixt. consisting of equal wts. of 92.8% HNO 3 , 
93.3% H 2 SO 4 , and fumg. H 2 SO 4 (contg. 14.2% SO 3 ) at 95® for 2 hrs. (219) gives 96.7% 
yield 2,4-dinitrochlorobenzene [Beil. V-263, V-(137), V2-(196)], cryst. from ale., m,p. 
62-53®. [The other dinitro isomers are known but need not be discussed here.] 

Sulfonation. C is insol. in cold cone. H 2 SO 4 ; however, C on warming or on stdg. at 
room temp, for 48 hrs. ( 220 ) with equal wt. cone. H 2 SO 4 dissolves and later ppts. p-chloro- 
benzenesidfonic acid [BeU. Xl-54, XIi-(14)l, anhydrous cryst. from CHCI 3 , m.p. 92-93® 
(220), monohydrate from aq., m.p. 67® ( 221 ). — C with fumg. H 2 SO 4 (10% SOa) below 
60° for 1 hr. then poured into 6 vols. satd. aq. NaCl soln. gives ( 222 ) (223) sodium salt of 
p>chlorobenzenesulfonic acid which with PCls yields corresp. sulfonyl chloride (see below). 
— For reactn. of C with CISO 3 H see below. — [The corresp. bis~ (4-chlorophenyl) sulfone 
[Beil. VI-327, VIi-(149)] which may be formed in small amt. has m.p. 147-148®.] [For 
study of kinetics of sulfonation of C see (231).] 

(p ^-Bromochlorobenzene: C with 0.25-0.50 mole Br 2 at 60° in pres, of Fe gives (88% 
yield (99)) p-bromochlorobenzene, cryst. from ale., m.p. 67-68°. 

(P 2,4-Dinitroclilorobenzene: C on htg. with mixt. of HNO 3 + H 2 SO 4 (see above under 
nitration) at 95® for 2 hrs. gives (96.7% yield (219)) 2,4-dinitrochlorobenzene, cryst. 
from ale., m.p. 62-53®. 

(g 4-Chlorobenzenesulfonamide: C with CISO^H in CHCI 3 as directed (224) gives 4- 
chlorobenzenesulfonyl chloride, cryst. from dry ether, m.p. 53®, which by boilg. with 
cone. NH4OH or htg. with solid (NH4)2C03 for 30 mm. at 100® gives 4-chlorobenzene- 
sulfonamide, cryst. from dil. ale., m.p. 142-143® u.c. (224). 
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Othmer, White, Trueger, Ind. Eng. Chem. 33, 1242, 1245 (1941). (4») Trimble. Frazer, Ind. 

Ei^. CJ^.21Lj, 1064 (1929). (49) Marcs (to Monsanto Chem. Co.), U S. 2,111,866, March 22, 

1938; 1638, I 4719. (50) Moyer (to Solvay Process Co.), U.S. 2,152,357, March 28, 1939; 

Cent. 1939, II 1775. 

539,176, March 7, 1932: Brit. 362,817, Dec. 31, 1931: J>ench 
1933, II 2642. (52) Bourion, Ann. chim. (9) 14, 215-272, 273-321 
161-169 (1932). (54) Hodgson, Foster, 

J. Chem. Soc. 1943, 582-583. (55) Waters, J. Chem Soc. 1937, 2007-2014. (56) Seide, Scherlin. 

227 (1933). (57) LeFevre, Maikham, J. Chem. Soc. 1934. 

703-705. (58) Gilman, Fothergill, J. Am. Chem. Soc. 61, 3501-3508 (1929). (59) LeFevre, 
(1939^” 1933, 1745-1747. (60) LcMaistre, Ramsford, Hauser, J. Org. Chem. 4, 106-110 

, 897-004 (1933). (62) Wicland. Ann. «U, 155- 

156 (1934). (63) Kozesohkow, Nesmejanow, Potrosow, Bcr. 67, 1140 (1934). (64) Ainley 

Challenger, J. Chem. Soc. 1930, 2175-2176. (65) Barkenbus, Hopkins, Allen, J. Am. Chem. 
Boc. 61, 2452-2453 (1939). (66) Bradt, Green, J. Org. Chem. 1, 540-543 (1937). (67) Billman, 

®1* 387-389 (1939). (68) Lock, Rodiger, Bcr. 72, 867 -868 (1939). 

Chem. Fabrik von Hoyden), Gci. 616,596, Aug. 1, 1935, Cent. 1936, II 3703. 
(70) Meyer, Hoffmann, Monatsh. 38, 143-145 (1917), 

135-141 (1877). (72) Brown, Duiand, Marvel, J. Am. Chem. Soc. 
^1^36). (73) Busch, Schmidt, Ber. 62, 2017 (1929). (74) Busch, Weber, J. 
(2) 146, 15, 22 (1936). (75) Stepanov, J. Russ. Phys.-Chern. Soc. 37, 15 (1905); 
1906, I 1273. (76) J^dwenherz, Z. physik. Chem. 40, 414 (1902). (77) Lowenherz, Z. 
physik. Chem. 32, 486 (19(»0). (78) Lowenherz, Z. physik. Chem. 29, 413-414 (1899). (79) 

Klages, Liecke, J. prakl. Chem. (2) 61, 313, 319 (19(M)). (80) Kellier. Bcr. 60, 309 (1917). 

(81) Sabatier, Mailhe, Compt. rerul. 138, 246 (1904). (82) Matthews, J. Chem. Soc. 01, 104- 

111 (1892). (83) Kharasch, Berkman, J. Org. Chem. 6, 810-817 (1941). (84) Bender (to Great 
Western Electrochem. Co.). U.S. 2,010,841, Aug. 13. 1935; Cc 7 U. 1936, I 1112. (85) Hart 

Noyes, J. Am. Chem. Soc. 68, 1305-1310 (1934). (86) Holleman, van dor Linden, Cent. 1910 

II 640-641; Rcc. trav. chim. 80, 321-329 (1911). (87) Cohen, Hartley, Chan. Soc. 87, 1362- 

!o?o <««> Thomas, Cmnpt. rend. 126, 

1212 (1898). (90) Seyewetz, Trawitz, Compt. rend. 136, 242 (1903). 

(91) Wibaut, van dc Lande, Wallagli, Rec. trav. chim. 66, 65-70 (1937). (92) Wibaut, van de 
Lande, Wallagh (to Dow Chem. Co.), U.S. 2,123,857, July 12, 1938; Cent. 1939, I 250 (93) 

342-343 (1874). (94) Mouneyrat, Pouret, Bull. soc. chim. (3) 19, 
^ Thoms^, Compt. 

rend. 128, 1577 (1899). (97) Laucr, Oda, Ber. 69, 984 (1936). (98) van Loon, Wibaut Rec 
trav. chiw. 66, 826-828 (1937); Nature 130, 151 (1937). (99) Holleman, van der Linden, Rec, 
trav. chim. 30, 356-361 (1911). (lOO) Gilman, Zoellner, Selby, J. Am. Chem. Soc. 66, 1253 (1933) 
(101) Wittig, Pieper, Fuhrmann, Ber. 73, 1193 (1940). (102) Bachmann, Clai ke, J. Am. Chem. 
Boc. 49, 2089-2098 (1927). (103) Morton, Fallwell, J. Am. Chem. Soc. M, 1429-1431 (1938) 
(104) Morton, Hechenbleikner, J. Am. Chem. Soc. 68, 1697-1701 (1936). (105) Morton, LeFevre* 

Hechenbleikner, J. Am Chem. Soc. 68, 754-757 (1936). (106) Morton, Stevens, J. Am.Chem. 
Soc. 63, 4030 (1931). (107) Morton, Stevens, J. Am. Chem. Soc. 63, 2246 (1931). (108) Imperial 

Chem Ind., Ltd., French 687,316, Aug. 7, 1930; Cent. 1930, II 3861. (109) Morgan. Vininit 
J. Chem. Soc. 117, 778-779 (1920). (110) Gilman, N. B. St. John, Rec. trav. chim. 49, 717-723 
(1930). 

Gi^an, Brown, J. Am. Chem. Soc. 62, 3330—3332 (1930). (112) ^chorigin, Issaguljanz. 
Gussewa, Ossipowa, Poljakowa, Ber. 64, 2584^2588 (1931). (113) I.G., Italian 341.937 Mav 14 
1936; Cent. 1937, II 2073. (114) von Dumreicher, Ber. 16, 1866-1870 (1882). (115) Harlow 
Ross (to Dow Chem. Co.), U.S. 1,891,415, Dec. 20, 1932; Cent. 1933, I 1683. (116) Norris’ 
Green. Am. Chem. J . 26, 492-499 (1901). (117) Norris, Twieg, Am. Chem. J. 30, 392-399 (1903)’ 
(118) Gomberg, Cone, Ber. 37, 1635-1636 (1904); 39, 1465, 3280-3282 (1906). (119) Price* 
Chapin. Goldman, Krebs, Shafer, J. Am. Chem. Soc. 63, 1861 (1941). (120) Price Huber' 

J. Am. Chem. Soc. 64, 213&-2139 (1942). ^ 

(121) March (to National AnUine & Chem. Co.). U.S. 1,746,736, Fob. 11, 1930; Cent. 1930, 
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I 2798. (122) Muller, (to I.G.), Ger. 495.447, April 7, 1930; Cent. 1931, I 1675. (123) Lloyd, 

Gershon (to W. M. Grosvonor), U.S. 1,826,621, Oct. 6, 1931 ; Cent. 1931, II 3663. (124) Jacobson 

(to Calco Chem. Co.), U.S. 1,942.4.30, Jan. 9. 19.34; Cent. 1934, I 2493. (125) Waldmann, J. 
prakt, Chem. (2) 126, 75 (1930). (126) Schwenk, Waldmann, Angew. C^cm. 45, 20 (1932). (127) 

Waldmann, J. prakt. Chem. 127, 199-200 (1930),. (128) Waldmann, Mathiowetz, Ber, 64, 

1717-1718 (1931). (129) Cook, Chamlxjrs, J. Am. Chem. Hoc. 43, 338 (1921). (130) Bdesoken, 

Adler, /2cc. trav. chim. 48, 482-483 (1929). 

(131) Pino, Isham, U.S. 2,014,766, Sept. 17, 1935; Cent. 1936, I 4990, (132) Spiegler, Tinker, 
J. Am. Chem. Soc. 61, 1003 (1939). (133) Truflfault. Compt. rend. 207, 677 (1938). (134) 

Meyer, Bernhauer, Monatsh. 53/54, 741 (1929). (135) Zuckerwanik, J. Gen. Chem , {U.S.8.R.) 
8, 1512-1515 (1938). (136) I.G., Bnt. 334,009, Sept. 18, 1930; Cent. 1930, II 3850. (137) 
Hinkel, Ayling, Beynon, J. Chem. Sue. 1936, 342. (i;i8) Dieterle, Eschenbach, Ger. 537,610, 

Nov. 6, 1931; Cent. 1932, I 1155. (139) Marecek. Chem. Obzor 7, 171-173 (1932); Cent. 1933, I 

1286; C.A. 27, 1876 (1933). (140) Blanc, Bull. eoc. chim. (4) 33, 317-318 (1923). 

(141) Tschunkur, Eichler (to I.G.), Ger. 509,149, Oct. 8, 1930; Cent. 1931, I 360. (142) 

Stephen, Short, Gladding, J. Chem. Soc. 117, 522-523 (1920). (143) Vernon, Thompson, J. 

Phya. Chem. 44, 727-730 (1940). (144) Tishchenko, Chuibakov, J. Applied Chem. iU.S.S.R.) 7, 
764-769 (1934); Cent. 1935, II 2358; C.A. 29, 2520 (19.35). (145) Tishchenko, Gutner, Faerman, 

Shchigelakaya, J. Applied Chem. (U.S.S.R.) 8. 685-694 (1935) ; Cent. 1936, I 3907; C A. 30, 4155 
(1936). (146) Chalkey, J. Am. Chem. Soc. 51, 2489-2495 (1929). (147) Redman (to Bakelite 

Corp.), U.S. 2,311,777, Feb. 23, 1943, C A 37, 4405 (1943). (148) Moyer (to A.O. Smith Corp.), 

U.S. 2,138,609, Nov. 29, 1938; Cent. 1939, I, 1654. (149) Bertsch (to Monsanto Chem. Co.), 
U.S. 1,966,281, July 10, 1934; Cent. 1935, I 959. (150) Steingrover, Zellmann (to Chem. Fabrik. 

von Heyden), U.S. 1,961,834, June 5, 1934; CefU. 1934, II 1845. 

(151) Jenkins, Norris (to Swaim Research, Inc), U.S. 1,950,3.59, March 6, 1934; Cent. 1934, 

II 1201. (152) Rittler (to Chem. Fabiik von Heyden), U S. 1,936,567, Nov. 21, 1933; Cent. 

1934, I 1711. (153) Jenkiixs, Noiris (to Swann Reseaich, Inc.), US. 1,884,710, Oct. 25, 1932; 

Cent. 1933, 1 1998. (154) Kennedy, Lloyd (to Fedeial Pho.sphorus Co.), U.S. 1,735,327, Nov. 12, 

1929; Cent. 1930, I 2009. (155) Zelinskii, Ushakov, Russ. 30,688, June 30, 1933, Cent. 1934, 

I 707. (156) Piogd, Soc. An., French 720,721, Feb. 23, 1932; Cent. 1932, II 616. (157) Dreyfus, 
French 709,184, Aug. 4, 1931; Cent. 1931, II 2933. (158) Piugil, Soc. An., Italian 302,818, 

Oct. 26, 1931; Cent. 1938, I 3263. (159) I.G., Biit. 308,220, May 15, 1929; Cent. 1930, II 1772. 
(lOO) Mathes, Angew. Chem. 52, 591-592 (1939); Olive, Chem, dt Met. Eng 47, 770-775, 789-792 
(1940). 

(161) F. Raschig Co., Ger. 700,802, Nov. 28, 1940; C.A. 35, 7421 (1941). (162) F. Raschig 

Co., Ger. 588,649, Nov. 21, 1933, Cent. 1934, I 767. (163) F. Raschig Co., French 698,341, 

Jan. 29, 1931; Cent. 1931, II 1491. (104) Piogil, Soc. An., French 765,128, June 2, 1934; Cent. 

1934, II 1687. (165) Hale, Biitton, hui Eng. Chem. 20, 114-124 (1928). (166) Ushakov, 

Zelinskii, J. Applied Chem {U.S S.H ) 5, 362-369 (1932). Cent 1932, 1 2242; C.A. 27, 276 (1933). 
(107) Grebe (to Dow Chem. Co), US. 2,275,044, 2,275,045, March 3, 1942; C.A. 30, 4137 
(1942). (168) Poffeiibeiger (to Dow Chora. Co ), U.S. 2,137,587, Nov. 22, 1938; Cent. 1939, I 

1254. (109) Raeth, Rittlei, Steingioever (to Chem. Fabiik von Hoyden), U S. 2,079,383, May 

4, 1937; Cent 1937, II 858. (170) Giebe, Reilly (to Dow Cliein. Co.), U.S. 1,986,194, Jan. 1, 

1935; Cent. 1935, II 1257. 

(171) Hale, Britton (to Dow Chem. Co.), US. 1,925,321, Sept. 6, 1933; Cent. 1934, 1 127. 
(172) Grebe, Dow (to Dow Chem. Co.), U.S. 1,924,313, Aug. 29, 1933; Cent. 1934, I 127. (173) 
Putnam (to Dow Chem. Co.), U.S. 1,921,373, Aug. 8, 1933; Cent. 1934, I 127. (174) Hale, 

Britton (to Dow Chem. Co.), U.S. 1,882,824, Oct. 18, 1932; Cent. 1933, I 309. (175) Hale (to 

Dow Chem. Co.), U.S. 1,868,140, July 19, 1932; Cent. 1933, I 309. (176) Griswold (to Dow 
Chem. Co.), U.S. 1,833,485, Nov. 24, 1931; Cent. 1933, I 739. (177) Hale, Britton (to Dow 

Chem. Co.), U.S. 1,806,798, May 26, 1931; Cent. 1931, II 1348. (178) Hale, Britton (to Dow 

Chem. Co.), U.S. 1,737,841, 1,737,842. Dec. 3, 1929, Cent. 1930, II 803. (179) Williams, Britton 
(to Dow Chem. Co.), U.S. 1,756,110, April 29, 1930; Cent. 1930, II 803. (180) Rath. Buchheim, 
Rittler (to Chem. Fabrik von Heyden), Ger. 586,646, Oct. 25, 1933; French 751,158, Aug. 28, 
1933; Cent. 1934, I 126. 

(181) Vorozhtsov, Oshuev, Russ. 28,219, Nov. 30, 1932; Cent. 1933, II 3195; C A. 37, 3724 
(1933). (182) Chem. Fabrik von Heyden, Brit. 382,969, Dec. 1, 1932; Cent. 1933, I 2315. 
(183) Hale (to Dow Chem. Co.), U.S. 1,922,695, Aug. 16, 1933; Cent. 1934, I 128. (184) Hale 
(to Dow Chem. Co.), U.S. 1,744,961, Jan. 28, 1930; Cent. 1939, II 803. (185) I.G., French 
755,061, Nov. 18, 1933; Cent. 1934, I 945. (186) Vorozhtsov, C^huev, Russ. 4(),345, Dec. 31, 
1934; C.A. 30, 3838 (1936). (187) Vorozhtsov, Mitzengelder, Compt. rend. acad. ad. {U.R.S.S.) 

1933, 291-295; Cent. 1935, I 1860; C.A. 28, 2340 (1934). (188) Vorozhtsov, Mutzenhandler, 
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Russ. 34.554, Feb. 28, 1934; Cent. 1935, 1 2442; C.A. 29, 2977 (1935). (189) Voroshtaov-Mladschi 
Mitflsengendler, Russ. 29,168, Feb. 28. 1933; Cent 11^, II 3195. (190) Hale (to DoW Chem. 

Co.), U.S. 1,825,662. Oct. 6, 1931; Cent. 1931, II 3264. 

(191) Ohse (to Chem. Fabrik von Heyden), Ger. 497,570, May 8, 1930; Cent. 1930, II 622. 
(192) Palmer, Lloyd, J. Am. Chem. Soc. 52,. 3388-3305 (1930). 0^3) Palmer, Lloyd, McLure, 
LeMaistre, Waring, Bachman, J. Am. Chem. Soc. 62, 1005-1006 (1940). (194) St&hler, Ber. 

47, 912 (1914). (195) Quick, J. Am. Chem. Soc. 42, 1041-1042 (1920). (196) Groggins, Stirton, 
Ind. Bug. Chem. 28, 1051-1056 (1936). (197) Vorozhtzov, Kobelev, Compt. rend. acad. eci. 

(I/.R.S.S.), 3, 108-114 (1934); Cent. 1935, I 3653; C.A. 28, 6706 (1934). (198) Vorozhtzov, 
Kobelev, J. Gen. Chem. {U.S.S.R.) 4, 310-323 (1934); Cent. 1935, II 505; C.A. 29, 1787 (1935). 

(199) Vorozhtzov, Kobelev, J. Gen. Chem. (U.S.S.R.) 8, 1106-1119 (1938); Cent. 1939, II 3397. 

(200) Calcott. Bake (to du Pont Co.), U.S. 2.062,349, Dec. 1, 1936; Cent. 1937, II 472. 

(201) Booth (to Swann Research, Inc.), U.S. 1,954,469, April 10, 1934; Cent. 1934, II 1846. 

(202) Prahl, Mathes (to Raschig Co.), Ger. 579,229, June 22, 1933; Cent. 1933, II 1430. (203) 
WiUiams (to Dow Chem. Co.), U.S. 1,840,760, Jan. 12, 1932; Cent. 1932, I 3498. (204) Hale 
(to Dow Chem. Co.), U.S. 1,804,466, May 12, 1931; Cent. 1931, II 1195. (205) Federal Phos- 

phorus Co., Brit. 370,774, May 5, 1932; Cent. 1932, II 1237. (206) Hale (to Dow Chem. Co.), 
U.S. 1,764,869, June 17, 1930; Cent. 1930, II 1442. (207) Britton, Williams (to Dow Chem. 
Co.), U.S. 1,726,170-1,726,173 incl., Aug. 27, 1929; Cent. 1930, I 2479. (208) A.G.F.A., Ger. 
204,951, Dec. 14, 1908; Cent. 1909, I 475. (209) Britton (to Dow Chem. Co.), U.S. 1,823,024, 

I, 823,025, Sept. 15, 1931; CerU. 1932, II 1237. (210) Britton, Williams, Putnam (to Dow Chem. 

Co.), U.S. 1.823,026, Sept. 15, 1931; Cent. 1932, II 1237. 

(211) White, J. Am. Chem. Soc. 45, 779-784 (1923). (212) Dains, Brewster, J. Am. Chem. 

Soc. 42, 1573-1579 (1920). (213) Bergstrom, Wright, Chandler, Gilkey, J. Org. Chem. 1, 170- 
178 (1936). (214) Wright, Bergstrom, J. Org. Chem. 1, 179-188 (1936). (215) Holleman, 

de Bruyn, Rec. trav. chim. 19, 189-197, 375 (1900). (216) Bashioum, Powers, Ind. Eng. Chem. 

15. 407-408 (1923). (217) Varma, Kulkarni, J. Am. Chem. Soc. 47, 143-147 (1926). (218) 
Menke, Rec. trav. chim. 44, 146 (1925). (219) Hoffman, Dame, J. Am. Chem. Soc. 41, 1015- 
1016 (1919). (220) Tanasescu, Macarovici, BuU. eoc. chim. (5) 5, 1128 (1939). 

(221) Meyer, Schmidt, Ann. 433, 333 (1923). (222) Baxter, Chattaway, J. Chem. Soc. 107, 
1815 (1915). (223) Davies, Wood, J. Chem. Soc. 19^. 1124-1125. (224) Huntress, Carten, 

J. Am. Chem. Soc. 62, 512-513 (1940). (225) van Arkel, Vies, Rec. trav. chim. 55, 408 (1936). 

(226) Coffin, Holt, Analyst 44, 226-229 (1919). (227) Frankland, Carter, Webster, J. Soc. 
Chem. Ind. 38, 153-155T (1919). (228) Emmons, Am. Mineral. 14, 482-483 (1929). (229) 
Cameron, Thomas, et al., J. Path. Bact. 44, 281-296 (1937). (230) Smyth, Ird. Eng. Chem.t 

Anal. Ed. 8, 379 (1936). 

(231) Wadsworth,' Hinshelwood, J. Chem. Soc. 1944, 469-473. 

3:7905 2-CHLORO-2-METHYLPROPANOL-1 Cl C 4 H 9 OCI BeU.I-378 
(“/3-Isobutylenechlorohydrin”; 1 Ii— 

i 8 -Chloroisobutyl alcohol) 

CHa 

BJ>. 132^133^ si. dec. ( 1 ). 

[See also l-chloro-2-imthyl-propamlr2 (3:7752).] 

Colorless vise. liq. with disagreeable odor (1). — Does not freeze in mixt. of solid CO 2 + 
ether ( 1 ). — Sol. in cold fumg. HCl ( 1 ). 

[For prepn. (accompanied by the isomeric l-chloro-2-methylpropanol-2 (3:7752)) 
from 2 -methyl-l, 2 -epox 3 rpropane (isobutylene oxide) + HCl see ( 1 ) (2) (3).] 

C on stdg. a few days with aq. yields ( 2 ) isobutyraldehyde ( 1 : 0120 ) [cf. b^vior of 1- 
ohloro-2>methylpropanol>2 (3 : 7752 )] . 

^.Chloroisobutyl acetate: unreported. 

jS-Chloroisobutyl benzoate: unreported. 

/9-Chloroi8obutyl ^-nitrobenzoate: unreported. 

jS-Cbloroisobutyl 8 , 6 -dinitrobenzoate: unreported. 

2-(N-Phthalimido)-2-methylpropanol-l: unreported. 
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S:1M6 (1) Henry. Compt. rend. 142, 496^96 (1906). (2) Michael, Leighton, Ber. », 2793- 
2796 (1906). (3) Kraaeusky, J. prakt. Chem. (2) 76, 238-247 (1907). 

3:7908 METHYL d,t-a-CHLOROPROPIONATE CaHTOja 

CH,— CH— 0=0 

(I)! (icH, 

B.P. 133.5' (1) = 1.1374 (4) 

130.9-131.5° at 760 mm. <2) 

130-133° at 767 mm. <3) 

137-130° at 748 mm. <9) 

[For prepn. of C from a-chloropropionyl chloride (3:5320) with MeOH see <1); for formn. 
of C (20% yield) together with other prods, from phosgene (3:5000) + methyl lactate 
(1:3236) -f pyridine see (3); for formn. (90% yield) from methyl a-aminopropionate 
hydrochloride with HCl + NaN02 see (5); for prepn. of C from methyl lactate (1:3236) 
with SOCI 2 (71% yield) see (9).] 

[C + 1-5% FeCls at 100® or above loses HCl yielding (6) methyl acrylate (1:3025), 
b.p._80.3®.] 

[C with MeOH/NaOMe gives (63% yield <9)) methyl a-methoxypropionate [Beil. 
III-280, IIIi-(109)], b.p. 127-129® at 747 mm. (9).] 

C on hydrolysis yields MeOH (1:6120) + a-chloropropionic acid (3:6125). [For 
study of kinetics of hydrolysis see (7).] — For the amide, anilide, p-toluidide, and other 
derivs. corresp. to C see the acid (3 : 6125). 

® Methyl a- (tetrachlorophthalimido) -propionate: pi. from ale., m.p. 165-166® (8). 
[From C + K tetrachlorophthalimide as directed (8).] 

3:7908 (1) Kahlbaum, Ber. 13, 343-344 (1879). (2) Bnrkard, Kahovec, Monatah. 70, 340 (1938). 
(3) Ritchie, J. Chem. Soc. 1935, 1059. (4) Schjanberg, Z. physik. Chem. A-173, 230 (1935). 
( 5 ) Barker, Skinner, J. Am. Chem. Soc. 46, 409-410 (1924). (6) Barrett (to du Pont), U.S. 

2,013,648, Sept. 10, 1935; Cent. 1936, I 3217; C.A. 39, 6902 (1935). (7) Biirki, Hdv. Chim. 

Acta 1, 243-244 (1918). (8) AUen, Nicholls, J. Am. Chem. Soc. 56, 1409-1410 (1934). (9) 

Niemann, Benson, Mead, J. Org. Chem. 8, 401 (1943). 


BeU. n - 349 
Hi-dii) 

n2-(336) 


Hd • 


1.4183 (4) 


3: 7915 (/,f-5-CHLORO-2-METHYLPENTENE-2 CeHuCl BeU. I — 

Cl CH 3 Ii— 

(!:% CH2.CH=(1)— CH* 

B.P. 13»-133° at 769 mm. (1) = 0.92653 (1) = 1.44193 (1) 

[For prepn. of C from dimethyl-cyclopropyl-carbinol [Beil. VI-10] by shaking with cone. 
HCl see (1) (2,5-dichloro-2-methylpentane (3:8550) is also formed (I)).] 

C on prolonged treatment with KOAc + AcOH yields (1) corresp. acetate, b.p. 170-171®, 
Df - 0.9108, nf? = 1.43107 (1). 

C with NaOEt yields (1) corresp. ethyl ether, 5-ethoxy-2-methylpentene-2, b.p. 142-143®, 
« 0.7989, nf? = 1.41948 (1). 

C on protracted boUg. with aq. -f CaCOa, followed by further treatment with ale. KOAc 
+ a little Nal, regenerates (1) dimethyl-cyclopropyl-carbinol, b.p. 124-125® at 762 mm. 
* 0.8800, ni)® * 1.43237 (1). 

3:7915 (!) Bruylants, Dewael, BvU. sci. acad. roy. Bdg. (5) 14, 140-153 (1928); Cent. 1938, I 
2708; C.A. 33, 3883 (1928). 
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3:7917 d,I-2-CHLOROPROPANOL-l CHa—CH— CHa C3H7OCI 
(IH-opylene /8-chlorohydrin; I 1 

/3-chloro-n-propyl alcohol) 


Beil. I - 356 

11- ( 180 ) 

12- (369) 


B.P. 133-134® cor. at 762 mm. (1) 

133-134° at 761 mm. (2) 

133-134° at 760 mm. (3) 

133° <10) 

94° at 8 mm. (9) 


!>?? * 1.103 (1) n|? « 1.43623 <1) 

Di® = 1.4505 (9) 111? « 1.4766 (9) 


[See also l~chloropropanol-2 (3:7747).] 

[For prepn. of C from its acetate (see below) by alcoholysis with excess boilg. dry MeOH 
for 8 hrs. (83% yield) see (1); note that this prepn. really starts from the isomeric 1-chloro- 
propanol-2, the conversion of which to C involves the following steps : reaction with KOAc 
yielding CH3.CH(OH).CH2(OAc), conversion of latter with HCl + ZnCl2 to CH3.CH(Cl).- 
CH2 (OAc), and finally alcoholysis to C as mentioned above (1) (4); for formn. of C by alk. 
hydrol. of its trichloroacetate see (9).] 

[Note that although C is formed in other ways (e.g., from propanediol-1,2 (propylene 
glycol) (1:6455) with HCl or S2CI2 (5), from 2,3-epoxybutane (propylene oxide) (1 :6115) 
by addn. of HCl (5), from propylene with HOCl (5), or from a-chloro-n-propylamine with 
HNO2 (6)) the product of these reactions appears to be (5) (6) an inseparable mixt. of 
about 40% C with 60% of the isomeric l-chloropropanol-2 (3:7747).] 

Reactions of the halogen atom of C. [C when added dropwise to cone. aq. KOH loses 
HCl yielding (1) 2,3-epoxybutane (propylene oxide) (1:6115), b.p. 35°. — C with KCN 
in 80% ale. contg. some Nal gives on warming (60% yield (2)) ^-hydroxy-n-butyronitrilc 
[Beil. III-309, IIl2-(221)l, b.p. 214-215° (2); note that this is not the product to be expected 
from simple replacement of Cl by CN and apparently results from preliminary formation 
of propylene oxide to which HCN then adds so as to give a straight (rather than forked) 
carbon chain.] 

Reactions of the OH group of C. [C reacts normally as a substituted primary ale. 
giving ethers, esters, o.xidn. products, etc.] 

[C readily gives the corresp. ethers; e.g., C with M(^S04 on warming gives (7) /5-chloro-n- 
propyl methyl ether, b.p. 98-99° at 756 mm., = 0.9946, nf? = 1.40754 (7); C with 
EtOH -1- cone. H2S()4 on htg. gives (54% yield (7)) ^-chloro-w-propyl ethyl ether, b.p. 
116-117° at 758 mm., D4® = 0.9828, = 1.41285 (7); for corresp. formn. of ethers with 

7i-propyl ale. (1:6150) and with allyl ale. (1:6145) see (7).] 

[C (1 mole) with SO2CI2 (2.5 moles) at 130° gives (16% yield (7)) 6is-(/8-chloro-rt-propyl) 
ether, b.p. 188° at 762 mm., Dj® = 1.109, wi> = 1.4467 (7); note that this ether is not obtd. 
from C with cone. H2SO4 (7).] 

[C on oxidn. with 3 wt. pts. cone. HNO3 as directed (8) <2) gives (85% yield (2)) a- 
chloropropionic acid (3:6125), accompanied by some acetic acid (1:1010) and oxalic acid 
(1:0445); note that C on oxidn. with chromic acid yields no a-chloropropionic acid but 
only acetic acid (1 : 1010) and formic acid (1 : 1005) (2).] 


/3-Chloro-n-propyl acetate [Beil. 11-129, IIi-(58), Il2-(139)]: oil, insol. aq., b.p. 

151-152° at 768 mm. (11), 152-153° at 750 mm. (1). [Prepd. indirectly; furthermore 
the prods, reported may be contaminated with some of the isomeric /3-chloroisopropyl 
acetate cf. (10).] 

/9-Chloro-n-propyl benzoate: unreported. 

i8-Chloro-n-propyl ^-nitrobenzoate: unreported. 

• /9-ChlQro-n-propyl 3,6-dlnitrobenzoate: unreported. 
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3:7917-3:7920 


2-(Phthalimido)propanol-l (AT-OS-hydrozyisopropyUphthalimide): Ifts. from EtOAc 

m.p. 99-101° (10). (Prepd. indirectly <10); note that the prod. obtd. (10) from C 
with K phthalimide in s.t. at 200-230° was the isomeric l>(phthalimido)propanol>2, 
m.p. 88-89° (10), but whether this result was due to contamination of 0 with the 
isomeric l-chloro-propanol-2 (3:7747) or the rearr. has never been clarified.] 

8:7917 (1) Henry, Rec. trav. chim. 22, 327-333 (1903). (2) Dewael, Rec. trav. chim. 38, 604- 
507 (1924). (3) Henry, Rec. trav. chwi. 22, 209-210 (1903). (4) Henry, BuU. acad. roy. Bdg. 

1902, 446-i94; Cent. 1902, II 929. (5) Smith, Z. phyaik. Chem. 93, 59-85 (1919). (6) Smith, 
Platon, Ber. 56, 3150-3155 (1922). (7) Dewael, Bull. soc. chim. Belg. 34, 343-346 (1925). (8) 
Henry, Rec. trav. chim. 22, 341-344 (1903). (9) Gayler, Waddle, J. Am. Chem. Soc. 63, 3359 
(1941). (10) Gabriel, Ohle, Ber. 50, 807, 812 (1917). 

(11) Dewael, BuU. eoc. chim. Belg. 39, 400 (1930). 


3:7918 METHYL a-CHLOROISOBUTYRATE Cl C6H9O2CI Beil. S.N. 162 


CHs— C— COOCH3 

ins 


135° 

at 760 mm. (7) 

Dll = 1.0893 (3) 

nU = 1.4188 

(7) 

133-135° 

at 760 mm. (1) (2) 




128-129.5° 

at 763 mm. (3) 


njj® = 1.4010 

(3) 

64-65° 

at 66 mm. (3) 




42-44° 

at 17 mm. (7) 





(For prepn. of C from a-chloroisobutyric acid (3:0235) with MeOH see (3) (4); for formn. 
of C as by-product of reactn. of methyl a-hydroxyisobutyrate (1:3206) with phosgene 
(3:5000) -f pyridine see (1) (2) (6).] 

(C on htg. at 500-510° (1), or passed over silica gel at 300° (4), or htd. with anhydrous 
FeCls for 4 hrs. at 100° (5), or htd. with quinoline in pres, of hydroquinone (3), gives 
(83% yield (5)) methyl methacrylate, b.p. 100-101°.] 

3:7918 (1) Burns, Jones, Ritehie, J. Chem. Soc. 1935, 717. (2) Ritchie, J. Chem. Soc. 1935, 1059. 

(3) Zal’kind, Markov, J. Applied Chem. (U.S.S.R) 10, 1042-1044 (1937); Cent. 1938, II 2421; 
C.A. 32, 1652 (1938). (4) du Pont Co. & Lodor, Brit. 428,223, June 6, 1935; Cent. 1936, I 179; 

C.A. 29, 6607 (1935). (5) Barrett (to du Pont Co.), U.S. 2,013,648, Sept. 10, 1935; Cent. 1936, 

I 3217; C.A 29, 6902 (1935). (6) Imperial Chem. Ind & Ritchie, Jones, Burns, Brit. 424,885, 

March 4, 1935; Cent. 1936, I 2440; C.A. 29, 5124 (1935) (7) Kahovec, Kohliausch, Monatsh. 

74, 116 (1943). 


3:7920 d,M,2-DICHLORO-2-METHyLBUTANE CsHioCh BeU. I — 

Cl Cl Ii— 

ch,.ch 2— i— in, i2-(ioi) 

c;h, 

B.P. 133-13*“ <1) = 1.0786 (1) = 1.4438 (4) 

133.5° at 760 mm. (calcd.) (4) 1.0766 (4) 

71.6° at 100 mm. (4) 

[For prepn. of C from l,2-epoxy-2-methylbutane (1) with PCls see (1); for formn. of 
C (together with other products) from 2-methylbutene-l (unsy w.-ethylnnaethyl-ethylene) 
(1 : 8210) with CI 2 at -5 to - 17° see (2) (3); for formn. of C (together with other products) 
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from dextrorotatory amyl chloride by photochemical chlorination with SO 2 CI 2 in pres, of 
benzoyl peroxide see <4).I 

C on boilg. with aq. K 2 CO 8 gives <1) (together with other products) l-chloro-2-methyl- 
butene-1 (3:7303), b.p. 96-97®. 

C on oxidn. with KMn 04 gives (2) butanone-2 (ethyl methyl ketone) (1:5405). 

S:7920 fl) Chalmers, Trans. Roy. Soc. Can. (3) 22, III 69-78 (1928). (2) Gutner, Tishchenko, 
J. Gen. Chem. {U.S.S.R.) 8, 1062-1067 (1938); Cent. 1939, II 4221; C.A. 33, 3756 (1939). (3) 
Tishchenko, J. Gen. Chem. (U.S.S.B.) 8, 1232-1246 (1938); Cent. 1939, II 4222;’ C.A. 33, 4190 
(1939). (4) Brown, Kharasch, Chao, J. Am. Chem. Soc. 62. 3437-3439 (1940). 


3:7925 l,3-DICHLOROBUTAN£ 


B.P. 134® <1) 

131-133® at 768 mm. (3) 


H C 4 H 8 CI 2 

ch,.(!:.chs.ch2 

(^1 ii 

sif = 1.1158 (3) 


Ii-(38) 
I2 


ng* = 1.446 


(For prepn. from butanediol-1,3 by htg. in s.t. with cone. HCl (satd. at 0 ®) see ( 1 ); for 
prepn. from 1 -chlorobutane (w-butyl chloride) (3:7160) by actn. of CI 2 in light (other 
products also being formed) see (2) (3) (4) (5); for prepn. from 2-chlorobutane (3:7125) 
by actn. of CI 2 see < 6 ).] 

C on passing over alkali (NaOH, K 2 CO 3 , soda-lime, etc.) at elevated temperatures 
(e.g., 7(X)-750®) yields butadiene-1,3. [For studies of this reaction see (2) (4) (5>.l 
C is readily saponified with aq. K 2 C 03 .to butanediol-1,3 (1:6482) ( 6 ). 

3:7IK85 (1) Fargher, Perkin, J. Chem. Soc. 166, 1356 (1914). (2) Muskat, Northrup, J. Am. Chem. 
Soc. 62, 4050-4052 (1930). (3) Tishchenko, Churbakov, J. Gen. Chem. (U.S.S.R) 7, 893-896 

(1937); Cent. 1988, II 2575; C.A 31, 5755 (1937). (4) Carothers (to du Pont), U.S. 2,038,593, 
April 28, 1936; Cent. 1936, II 3358; C.A. 30, 3912 (1936). <5) Muskat (to du Pont), U.S. 2,070,- 

609, Feb. 16, 1937; Cent. 1937, II 2697; C.A. 31, 2236 (1937). (6) Tishchenko, Churbakov, 
J. Gen. Chem. (U.S.S.R.) 7, 663-666 (1937); Cent. 1937, II 372; C.A. 31, 5754 (1937). 


3: 7936 2-CHLOROPENTANONE-3 C 6 H 9 OCI BeU. I - 681 

(a-Chloroethyl ethyl ketone; CH 8 .CH 2 — C— CH— CH 3 Ii— 

a-chlorodiethyl ketone) ^ I 2 — 

B.P. 135® (1) < 2 ) 

145® (3) 

Oil, insol. aq., sol. ale., ether. 

[For prepn. of C from pentanone-3 (diethyl ketone) (1 : 5420) .with CI 2 (3) (4), with CI 2 
in pres, of aq. + CaCOs ( 86 % yield < 1 )), or with CI 2 in vapor-phase chlorination < 4 ) see 
indie, refs.; from 4-chloro-4-methyl-3-ethylisoxazolone-5 [Beil. XXVII-163] with, hydro- 
chloric acid see ( 2 ).] 

0 on reduction with H 2 yields (3) pentanone-3 (1 : 5420), 

C does not (3) form a cpd. with satd. aq. NaHSOs soln. 

C die. readily in aq. alk. yielding a sohi. (presumably contg. pentanone-3-ol-2) which 
readily reduces NH 40 H/AgN 03 and reduces Fehling’s soln. on warming (3). 

(C in abs. ale. treated with NH 3 gas yields <3) 2,5-dimethyl-3,6-diethylpyrazine [Beil. 
XXlII-101], liq., b.p. 215-217®, forming with aq. a sublimable hydrate, m.p. 42.5®. (Note 
tliat 3-chloropentanone-2 (3:7893) similarly treated gives the same prod.)] 
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9 : 7935 - 3.^7045 


3:7935 (1) Justoni, Chimica e induatria (Italy) 34 , 89-94 (1942); Cent. 1943 , 1 383. (2) Hanriot, 
Reynaud, BvU. aoc. chim. (3) 31 , 14-15 (1899). <3} Demetre-Vladesco, Bull. aoc. ehim. (3) 6, 
834-836 (1891). (4) Justoni, Chimica e induatria (Italy) 34 , 195-201 (1942); Cent. 1943 , I 1669. 


3:7945 2-CHLORO-2-METHYLHEXANE CtHibCI 


(n-Butyl-dimethyl-carbinyl 

chloride) 


Cl 

CHj.CHj.CH2.CHr-j!— CH, 


BeO. I ■ 156 
Ii— 

h- 


B.P. 135° si. dec. (1) 

130-135° si. dec. (2) 
133'’ dec. at 734 mm. (3) 
133'’ at 740 mm. (4) 
69-73** at 90 mm. (5) 
58-59** at 60 mm. (8) 
39-40** at 20 mm. (4) 
35-.35.5'* at 16.6 mm. (6) 


= 0.8661 (6) 

= 0.8698 (6) n!>® = 1.4305 <6) (3) 

0.863 (3) 1.4202 (5) 


[For prepn. of C from 2-methylhexanol-2 (n-butyl-dimethyl-carbinol) [Beil. 1-415, 
l2-(444)] (5) <6) with dry HCl gas at -10** (65-75% ^eld (6» or at 10-16** (75% yield 

(5) ) (8), with cone. HCl (1), or with AcCl <1) (2) see indie, refs.; for formn. of C as by- 
product during reactn. of the above carbinol with CeHe + AICI 3 (main prod. 45% 3 rield 
of 2-methyl-2-phenylhexane, b.p. 106-109** at 20 mm.) see (4); for prepn. of C from 2- 
methylhexanol-3 (isopropyl-n-propyl-carbinol) [Beil. 1-416, Ii-(206)1 (3) with dry HCl at 
0** (80% yield (3)) by rearrangement see (3).] * 

[For data on density and parachor of C at 25**, 50®, and 75® see (7).] 

C with Mg in dry ether as specified (5) gives 74.4% yield corresponding RMgd. 

C converted (as above) to RMgCl and the latter oxidized with O 2 gives (42% yield (3)) 
2-methylhexanol-2, b.p. 139.5-140.5® at 741 mm., 110® at 250 mm., - 0.813, « 

I. 4173 (3). 

[For reactn. of RMgCl with ethyl chloroformate (3:7295) yielding (5) ethyl n-butyl- 
dimethyl-acetate, b.p. 66.5-70.0° at 16 mm., n|> = 1.4148 (5) (corresp. amide, m.p. 92.8- 
93.8® <5)) see (5); for reactn. of RMgCl with AcCl (3:7065) giving (9% yield <5)) 3,3- 
dimethylheptanone-2, b.p. 68-70.5° at 20 mm., - 1.4206 (semicarbazone, m.p. 129- 
130°) <5) see (5).] 

C converted to RMgCl and treated with C ()2 gives (5) n-butyl-dimethylacetic acid 
(constants not given (5)) (corresp. amide via acid chloride, m.p. 92.8-93.8° u.c. (5)). 

3:7945 <l) Henry, de Wael, BuU. acad. roy. Belg. 1998 , 957-963; Cent. 1909 , I 1854; Ree. trav. 
chim. 38 , 448 (1909). (2) Muset, BuU. acad. roy. Belg. 1900 , 775-789; Cent. 1907 , I 1313. (3) 

Whitmore, Johnston, J. Am. Chem. Soc. 60 , 2266 (1938). (4) Huston, Fox, Binder, J. Org. 
Chem. 3 , 252 (1939). (5) Whitmore, Badertscher, J. Am. Chem. Soc. 55 , 1559-1667 (1933). 

(6) Whitmore, Woodburn, J. Am. Chem. Soc. 55, 363-364 (1933). (7) Quayle, Owen, Beavers, 

J. Am. Chem. Soc. 01 , 3108 (1939). (8) Petrov, Kurbskii, J. Oen. Chem. (U.S.S.R.) 14 , 492-494 
(1944); C.A. 39 , 4600 (1945). 
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3:7950 S-CHLORO-S-METHYLHEXANE Cl CtHisQ 


(Ethyl-methyl-n-propyl- 
carbinyl chloride) 


CH 8 .CH 2 .CHj 


•2 — d? — c. 


!H2.CH3 


CH3 


BeU. I — 

11- ( 58) 

12- (119) 


B.P. abt. 135® (1) 

62-63® at 52 mm. <2) 

41® at 20 mm. (3) 

39-40° at 15 mm. (4) 

32.0-32.5® at 12 mm. (5) 


= 0.8787 (4) nf? = 1.4250 (2) 
1.4283 (3) 
ni? = 1.4280 (5) 
1.4275 (5) 

Dl^ = 0.875 (5) nif = 1.42705 (4) 

0.872 (5) 


[For prepn. of C from 3-methylhcxanol-3 (ethyl-methyl-n-propyl-carbinol) [Beil. 1-416, 
Ii-(206), l2-(445)l (2) with dry HCl at 10-15® (90% yield (2)) or with HCl (4) see (2) (4); 
for formn. of C as a by-product of the reactn. of the above carbinol with CeH# + AICI3 
(main prod. 45% yield of 3-methyl-3-phenylhexane, b.p. 106-107° at 20 mm., nf? = 
1.4964) see (3); for formn. of C from 3-methylhexenc-2 (1:8322) with cone. HCl see (5); 
for formn. of C from ethyl-mothyl-n-propyl-carbinyl isocyanate on htg. with cone. HCl 
see (I).] 

[For data on density and parachor of C at 0®, 15®, 25®, 50®, and 65° see (6).] 

C with Mg in dry ether as specified (2) gives 67-78% yield corresponding RMgCl. 

[C converted as above to RMgCl, treated with formaldehyde gas, gives (30% yield (2)) 
2-ethyl-2-methylpentanol-l, b.p. 75.5-76.0® at 15 mm., = 1.4353 (2).] 

C with CeHe + AICI3 yields (4) 3-methyl-3-phenylhexane, b.p. 110-112° at 15 mm., 
Z)J® = 0.8819, ni>® = 1.49951 (4). 

3:7250 (l) Montagne, Ann. chim. (10) 13, 125 (1930). (2) Whitmore, Badertscher, J. Am* 

Chem. Soc. 55, 1561, 1565 (1933). (3) Huston, Fox, Binder, J. Org. Chem. 3, 253 (1939). (4) 

Halse, J. prakt. Chem. (2) 80, 452-453 (1914). (5> Nasarov, Bcr. 70, 622 (1937). (6) Quayle, 

Owen, Beavers, J. Am. Chem. Soc. 61, 3108 (1939). 


:7966 1-CHLOROHEXANE CH3.(CHj),.CnjCl 

CeHisCl 

BeU. I - 143 

(n-Hexyl chloride) 



Ii-( 51) 





Ii-(109) 

B.P. 

135-136® 

(1) 

= 0.8784 

(18) nl>® 

= 1.42364 (1) 

134-135® cor. at 

763 mm. (2) (3) 

0.8765 

(7) 

1.4200 <4) 

134® at 

769 mm. (18) 

0.87551 

(8) 

1.41991 (18) 

134® at 

738 mm. (4) 



1.41944 (6) 

133.6-134.4® 

(5) 




132.9° at 764.7 mm. (6) 




132.7-133.3° 

(15) 




132-133° at 

760 mm. (7) 




Colorless mobile liq., insol. aq. 





[For prepn. of C from hexanol-l (1 : 6230) by htg. with fumg. HCl in s.t. at 100° (100% 
yield) see (2); by shaking with HCl + ZnCl2 for 2 days (45% yield), with PCI3 H- ZnCh 
(61% yield), with PCls + ZnCl2 (77% jdeld), or with excess SOCI2 (yield: 85-87% (1), 63% 
(18) see (1) (18)); for prepn. from l-chlorohexene-2 by cat. reductn. see (9).] 

[For formation (besides other products) from n-hexanc by chlorination see (10) (11) 
(12) (13);..for formation from heavy metal n-caproates -f CI2 see (14).] 
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C on refluxing with 10% aq. NaOH yields (9) ri-hexanol (1 : 6230). 

[For study of reaction of C with K1 in acetone see (15); with metallic Ns see (16); with 
NaC 2 H 6 see (4); with CH 3 NH 2 see (17).l 
C with Mg in dry ether + trace I 2 gives (97.2% yield (19)) RMgCl. 

N-(n-Hexyl)tetrachlorophthalimide: Ifts. from EtOH, m.p. 150-151® (20). [From 

C (?) or from n-hexyl bromide with K tetrachlorophthalimide ( 20 ).] 

8:7955 (1) Clark, StreiRht. Trans. Roy. Soc. Can. (3) 83. Ill, 77-89 (1929). (2) Henry, BuU. 

acad. roy. Belg. 1905, 158-177; Cent. 1905, II 214 (3) Heiuy, Rec. trav. chim. 84, 354-355 (1905). 

(4) Whitmore, Zook, J. Am. Chem. Soc. 64, 1784 (1942). (5) Kohlrausch, Koppl, Monatsh. 63. 
268 (1933). (6) Karvonon, Ann. Acad. Set Fenntcae (A) 5. No. 6, 125 (1914) , Cent. 1919. Ill 807. 

(7) Olivier, Rec. trav. chim. 55, 1035 (1936). (8) Karvonen, Cent. 1918, II 1271. (9) Hurd, 

McNamee, J. Am. Chem. Soc. 54, 1648-1651 (1932). (lO) Schorleinmer, Ann. 161, 272 (1872). 

(11) Michael, Turner, Ber. 39, 21.54-2156 (1906). (12) Ger. 261,677; June 27, 1913; Cent. 

1918, II 325. (13) Wertyporoch, Ber. 66, 732-739 (1933). (14) C. Humsdiecker, H. Huns- 
diecker, Vogt, U.S. 2,176,181, Octol^er 17, 1939; C A. 34, 1686 (1940); Brit. 456,565, Dec. 10, 
1936; French 803,941, Oct. 12, 1936; CerU. 1937, I 2258. (15) Conant, Hussey, J. Am. Chem. 

Soc. 47, 485 (1925). (16) Morton, Hechonbleikner, J. Am. Chem. Soc. 58, 1697-1701 (1936). 

(17) Westphal, Jeichel, Ber. 73, 1007 (1940). (18) Vogel, J. Cttem. Soc. 1943, 638,640. (19) 

Houben, Boedler, Fischer, Ber. 69, 1768, 1777 (1936). (20) Allen, Nicholls, J. Am. Chem. Soc. 

56. 1409-1410 (1934). 


3:7960 l,3-DICHLORO-2-METHYLPROPANE CHs C 4 H 8 CI 2 

cicii 2 .i CH2C1 

1 

H 


B.P. 

136.0° at 700 mm. <1) (2) <3} = 1.131 (3) nif 

136.6°-136.6° <9) 

131.5-132.5° at 721 mm. (4) 

34.5° at 10 mm. (1) 


Bea.l — 

11— 

12- (88) 


1.4637 (4) 


[For prepn. by chlorination of isobutane sec (3) (5) ( 6 ); from 3-chloro-2-(chloromethyl)- 
propene-l (3:5633) or from l,3-dichloro-2-(chloromethyl)propene-l (3:9066) with H 2 + 
Pt black in ale. soln. see ( 10 ).] 

C on htg. in s.t. at 180° with anhyd. NaOAc -f- AcOH yields corresp. diacetate, and 
this on alcoholysis by htg. with 3% dry HCl in dry MeOH gave an overall yield of 60% 
of the glycol, 2-methylpropanediol-l,3 [Beil. 1-480], b.p. 213-214°, = 1.0290, no = 

1.4445 ( 6 ). 

[For study of further chlorination of C see (7); note that C with CI 2 or with SO 2 CI 2 + 
BZ 2 O 2 gives (73% 3 rield (9)) l,2,3-trichloro-2-mcthylpropane (3:5885).] 

C on treatment with Zn dust in 85% ale. gives 38% yield 2-methylpropcne-l, (isobutylene) 
( 8 ).^ 

[C with aq. ale. NaCN as directed ( 11 ) gives 20.4% yield 7 -chloroi 8 -methyl-n-butyrom- 
trile, b.p. 82-83° at 16 mm., Dj® = 1.042, nf> = 1.44255, accompanied by 11.5% yield of 
/3-methyl glutaro(di) nitrile, b.p. 133-137° at 16 mm. (11).] 

3:7960 (l) Hass, J. Chem. Education 13, 493 (1936). (2) Hass, McBee, Weber, Ind. Eng. Chem. 
87, 1191 (1935). (3) Hass, McBee (to Purdue Research Foundation), U.S. 2,004,072, June 4, 
1936; Cent. 19M, I 3012. (4) Kahovec, Kohlrausch, Z. physik. Chem. B°48, 11 (1940). (6) 

Hass, McBee (to Purdue Research Foundation), U.S. 2,147,577, Feb. 14, 1939; Cent. 1989, II 226. 
(6) Hass, McBee, Weber, Ind. Eng. Chem. 87, 1194 (1935). (7) Rogers, Nelson, J. Am. Chem. 

Soc. 58, 1027-1029 (1936). (8) Lott, Christiansen, SchakeU, J. Am. Pharm. Assoc. 87, 125-130 
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(1038). {9) Mooradion, Cloke, J. Am. Chem. Soc. 68, 787 (1946). (10) KleinfeUer, Ber. 62, 
1695-1506 (1929). 

<11) Cloke, Stehr, Steadman, Westcott, J. Am. Chem. Sac. 67, 1588 (1945). 


3:7965 d,l-a,j8-DIMBTHn,-fi-BUTYllYI, CHLORIDE CaHuOa Bea.S.N.162 
(laopropyl-methyl-aoetyl chloride) CH* — CH — CH — 0=0 

(i)Hs CHa il 


B.P. 135.9-136.6° at 761 mm. (1) 
38-39° at 18 mm. (2) 


= 0.9795 (1) 
DJ = 0.9961 (1) 


[For prepn. of C from 2,.3-dimetbylbutanoic acid-1 (1:1114) with SOClj see (1).) 

C ou hydrolysis yields 2,3-dimethylbutanoic acid (1 : 1114) q.v. (for the amide, anilide, 
p-toluididei and other derivatives corresponding to C see 1:1114). 

3:7965 (l) Hommelen, Bull. soc. chim. Belg. 43, 243-250 (1933). (2) Nenitzescu, Chicos, Ber. 
68, 1587 (1935). 


3; 7970 8-CHLORO-2,3-DIMETHyLPENTANE CtHisCI 

(Ethyl-isopropyl-methyl-carbinyl Cl H 

chlonde) CHj.CHi!— (!: (L- CH, 

(!)Hj dlHa 


BJ>. 135-138° at 767 mm. (1) 
133-138° 8l. dec. (2) 
4:1-42° at 20 mm. (3) 


= 0.884 (1) 
dS = 0.899 (1) 


BeU.I-157 

Ii- 
I2 


[For prepn. of C from 2,3-dimethylpentanol-3 (ethyl-isopropyl-methyl-carbinol [Beil. 
1-417, Ii-(207), l2-(446)] with HCl (1) or dry HCl at 0° (50% yield (2)) see (1) (2); for 
formn. of C from reactn. of the above carbinol with CeHe + AICI3 (14% yield accompanied 
by 22% yield 2,3-dimethyl-2-phenylpentane) see (3).] 


3:7970 {!) Kaschirsky, J. Russ. Phys.-Chem. Soc. 13, 90 (1881); Ber. 11, 985 (1878). (2) Whit- 

more, Evers, J. Am. Chem. Soc. 55, 813-814 (1933). (3) Huston, Fox, Binder, J. Org. Chem. 3, 
253 (1939). 


3; 7975 d,/.2,3-DICHLORO-2-METHyLBUTANE C6H10CI2 
(Trimethylethylene dichloride; 
ter-amylene dichloride) 


B.P. 137“ (1) 

134-138° at 786 mm. (2) > 1.068 (1); 

60° at 60 mm. (11) 1.0696(3) 

37.0-37.5° at 20 mm. (3) 

35-37° at 18-20 mm. (4) 

33-35“ at 17 mm. (5) 


Cl Cl 
OHs — dy — c!/- 


J 


i-CJHs 


H CHa 


BeU. I - 135 

11- ( 47) 

12- (101) 


riS * 1.445 (1) 
ni® * 1.4421 <3) 
nj* = 1.4566 <3) 


[For prepn. of C from 2-methylbutene-2 (trimethylethylene) (1 : 8220) with CI2 at low 
temp. (6) (7) (8) <3) or SO2CI2 at 0“ (9) see indie, refs. ; for formn. of C from 2-methylbutane 
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(isopentane) (1:8600) <4) (10) or from 2-chloro>2-methylbutane (fer-amyl chloride) 
(3:7220) (11) with CI2 see indie, refs.; for formn. of C from 2-methylbutene-l (unsym.- 
ethyl-methyl-ethylene (1:8210) 4- CI2 see (12); for formn. of C from 3-chloro-2-methyl- 
butene-1 (3:7300) + HCl see (3); for formn. of C from 2-methylbutanol-2 ((er-amyl 
alcohol) (1:6160) 4 CI2 see (1).] 

[C on further chlorination yields (3) 2,3,3-trichloro-2-methylbutane (3:4766) together 
with other prods.] 

C on htg. with solid KOH (3) or with ale. KOH (3) (4) loses HCl yielding 3-chloro-2* 
methylbutene-2 (3:7335) and other prods. — [C on passing over soda4ime or burnt Ume 
at 600® (13) or BaCb at 300-500® at 20-50 mm. (14) yields 2-methylbutadiene-l,3 (isoprene) 
(1:8020).! 

C on boilg. with aq. or with aq. Na2HP04 for 30 hrs. gave (2) only 10% hydrolysis; C 
on boilg. with 1 mole NaOH in aq. soln. for 24 hrs. gave (2) only 17% hydrolysis, ac- 
companied by isopropyl methyl ketone (1 : 5410). 

C on boilg. with 35 pts. aq. for 40 hrs. gave (6) complete decomposition with formn. of 
isopropyl methyl ketone (2-methylbutanone-3) (1:5410) q.v., b.p. 94®. 

3:7975 (1) Brocket, Ann. chim. (7) 10, 385 (1897). (2) Evers, Rothrock, Woodburn, Stahly, 
Whitmore, J. Am. Chem. Soc. 66, 1137 (1933). (3) Tishchenko, J. Oen. Chem. (U.S.S.R.) B, 

1110-1132 (1936) ; Cent. 1937, 1 573; C.A. 31, 1003 (1937). (4) Davydova, Papkina, Tishchenko, 
J. Gen. Chem. (U.S.S.R.) 7, 1992-1994 (1937); Cent. 1939, I 2397; C.A. 32. 482 (1938). 
(5) Froebe, Hochstetter, Monatsh. 23, 1082-1083 (1902). (6) Kondakov, J. Ruaa. Phya.- 

Chem. Soc. 17. 302 (1885). (7) Ostromuislenakil, J. Russ Phys.-Chem. Soc. 47, 1989-1991 (1915); 
Cent. 1916, II 308; C.A. 10, 1342 (1916). (8) Badische Amlin- und Soda-Fabrik, Ger. 258,565, 

May 31, 1912; Cent. 1913, I 1640. (9) Badische Anilin- und Soda-Fabrik, Ger. 251,100, June 7, 
1911; Cent. 1912, II 1318. (10) Ayres, Ind. Eng. Chem. 21, 902 (1929). 

(11) Badische Anilin- und Soda-Fabrik, Ger. 257,600, Oct. 28, 1911; Cent. 1913, I 1246. (12) 
Gutner, Tishchenko, J. Gen. Chem. (U.S.S.H ) 8, 1062-1067 (1938); Cent. 1939, II 4221; C.A. S3, 
3755 (1939). (13) Harries, Ger. 243,076, Aug. 3, 1910; Cent. 1912, I 536. (14) Badische Anilin- 
und Soda-Fabrik, Ger. 255,519, March 15, 1911; Cent. 1913, I 476. 


3: 7980 n-BUTYL CHLOROFORMATE CBH9O2CI BeU. m — 

(n-Butyl chlorocarbonate) n-C4H9.0 CO.Cl IHi — 

ma-dl) 

B.P. 137.8° at 734.6 mm. (1) = 1.074 (1) = 1.413S (2) 

137.6° at 730 mm. <2) 

142° (3) n|i* = 1,417 <1> 

37-38° at 13 mm. (2) 

Colorless mobile lachrymatory liq. with sharp but pleasant odor. — Insol. aq. and only 
slowly hydrolyzed by it even on htg. (1). 

[For prepn. (35% yield (3)) from 7i-butyl ale. (1:6180) + phosgene (3:5000) see (1) (3); 
from di-n-butyl carbonate (1:3626) + PCIb see (2).] 

C on htg. with quinoline dec. at 81® (4) into n-butyl chloride (3:7160) + CO2. 

(Q n-Butyl carbamate: from C by shaking with cone. aq. NH4OH (1); pr. from ale., 
m.p. 54® (1). 

® n-Butyl-./Y-phenylcarbamate (n-butyl carbanilate): from C in ether by treatment 
with ether soln. of aniline (1 mole) + pjrridine (1 mole) (1); pr., m.p. 65.5® (1), 61® (5). 
[For corresp. products from many other substituted anilines see (1).] 

® n-Butyl phenylcarbazate: from C (3.9 g.) + phenylhydrazine (3.1 g.) + P3nidine 
(3.1 g.) in aq. (15 ml.) ; after solidification of the sepg. yel. oil it is washed with aq. and 
recryst. from CsHe: white scaly cryst., m.p. 70® (6). 
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8:7980 (l) Chattaway, Saerens, J. Chem. Soc. 117 , 708-711 (1920). <2) Kohlrausch, Sabathy, 
MoruUsh. 78 , 307 (1939). (3) Hamilton. Sly, J. Am. Chem. Soc. 47 , 436-437 (1925). (4) Carr6, 
Bull. soc. chim. (5) 3 , 1069 (1936). (5) Weizmann. Garrard, J. Chem. Soc. 117 , 328 (1920). 
<6) Dox, J. Am. Chem. Soc. 48 , 1954 (1926). 


3: 7985 6-CHLORO-2-METHYLHEXANE 

(Isoamyl-methyl-carbinyl Cl 

CHr-cU)] 

H 

B.P. 138° dec. at 736 mm. (1) 

135-137° (2) 


C7H15CI 
CH3 

IH2— CH,— (li— CH* 

A 

= 0.863 (1) 


BeU. 1-156 

Ti- 

ll!- 


[For prepn. of C from 2-methylhexanol-5 (isoamyl-methyl-carbinol) [Beil. 1-416, Ii- 
(206), Ii- (445)1 by saturation with dry HCl and stdg. for 6 weeks (90% yield < 1 )) or htg. 
in s.t. at 140° (2) see indie, refs.) 

C on conversion with Mg in dry ether to RMgCl and treatment with O 2 gives (60% 
yield (1)) 2-methylhexanol-5, b.p. 151-152° at 736 mm., = 1.4180 (V-(a-naphthyl)- 
carbamate), m.p. 84-85° <1). 

3:7985 {1} Whitmore, Johnston, J. Am. Chem. Soc. 60 , 2267 (1938). (2) Rohn, Ann. 190 , 312- 

313 (1877). 


3:7988 2-CHLOROHEPTENE-l Cl C7H13CI Beil. S.N. 11 

I 

CH 3 .CH 2 .CH 2 .CH 2 .CH 2 .C=CH 2 

B.P. 138-139° at 748 mm. ( 1 ) = 0.8788 (1) /if? = 1.4302 ( 1 ) 

71-72° at 76 mm. (1) (2) 

Dl® = 0.8895 (2) = 1.4349 \2) 

[For prepn. of C from n-amyl methyl ketone (heptanone- 2 ) (1 -.5460) with PCI 5 in C«H« 
(40% yield together with 23% yield 2,2-dichloroheptane (3:9424)) sec (2); for prepn from 
heptyne -1 (1:8085) + AcCl + SnCU see <2) (both cis-4-chlorononen-3-onc-2, b.p. 99° at 
10 mm., /> 4 ® = 0.9830, Wd = 1.4607, and /mns-4-chlorononen-3-onc-2, b.p. 89° at 10 mm., 
== 0.9752, nff = 1.4665 are also formed (I)).] 

C with powdered KOH in mineral oil at 250° does not ( 2 ) yield heptyne -1 (dif. from 1- 
chloroheptene-1 (3 : 8219) ). 

3:7988 (1) Kroeger, Sowa, Nieuwland, J. Org. Chem. 1 , 163-1C9 (1936). (2) Bachmann, Hill, 
J. Am. Chem. Soc. 66, 2730-2732 (1934). 


3: 7990 a-ETHYL-n-BUTYRYL CHLORIDE CgHuOCl 

(Diethylacetyl chloride) CH 3 .CH 2 .CH— C==0 


BeU. n - 334 

Hi- 

. n2-(89») 


B.P. 138.0-138.8° at 760 mm. (1) 
134-137° (2) 

71° at 88 mm. (3) 

40° at 20 mm. (3) 


Z^® = 0.9825 (1) 
Z72 = 0.9992 (1) 


/&® - 1.4234 (3); 
1.4239 (3) 


(For prepn. of C from 2 -ethyIbutanoic acid (1:1115) with PCI, < 2 ), or with SOClj < 1 ) 
(85-90% yield (3)) see indie, refs.] 
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[C on htg. with sodium diethylacctate yields (2) corresp. anhydride, b.p. 230® (2).J 
[C with CI 2 yields (4) a-chloro-diethylacetyl chloride, b.p. 93® at 70 mm. (amide, m.p. 
68® (4)); C with Br 2 yields (5) a-bromo-diethylacetyl bromide^ b.p. 98-100® at 25 mm. {5>; 
for reactn. of C with AICI 3 + CeHe see (6).l 

[C (1 mole) upon addition to ter-butyl MgCl (3.7 moles) in dry ether yields (3) (by 
virtue of reducing actn. of the tertiary RMgX cpd.) 2-ethylbutanol-l (1:6223), 2,^ 
dimethyl-4-ethylhexanol-3 (b.p. 131-132® at 150 mm., D?? = 0.8339, nf? = 1.4340- 
1.4362, Ar-(a-naphthyl)carbamate, m.p. 63-64°), and hexamethylethane (1:7090), m.p. 
103® (3).] 

C on hydrolysis yields 2-ethylbutanoic acid (1:1115) q.v. (for the amide, anilide, p- 
toluidide, and other derivatives corresponding to C sec 1:1115). 

3:7990 (l) Hommelen, BvU. aoc. chim. Belg. 42, 243-250 (1933). (2) Freund, Hermann, Ber. 

23. 189-190 (1890). (3) Whitmore and 11 others, J. Am Chem Soc. 63, 646, 651-652 (1941). 
(4) Altwegg, Pivot, U.S 1,493,182, May 6, 1924; Brit. 209,706, March 5, 1924; Cent. 1924, II 
1485; C.A. 18, 2058 (1924). <5) Fourneau, Nicolitch, BuU. aoc. chim. (4) 43, 1238-1239 (1928). 

(6) Apolit, Ann. chim. (10) 2, 80 (1924). 
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DIVISION B. LIQUIDS WITH BOILING POINTS REPORTED 
AT ORDINARY PRESSURE 
Section 2. l^° less than 1.1600 

(3: 8000-3: 8499) 

3:8000 3-CHLOROBUTANOL-2 CHs— CH— CH— CHs C4H|)0C1 Beil. 1-373 

08-Butylene chlorohydrin; I I Ii — 

pseudo-butylene l2-(403) 

chlorohydrin) 

B.P. 138-140° (1) = 1.0693 (3) (4) = 1.4433 (9) 

138-139° at 763 mm. (2) 

136.0-137.5° at 760 mm. (3) <4) 

134-138° (9) 

70-79° at 100 mm. (5) 

[See aho dyUerythro-Z<hl(n‘obutam1r2 (3:8004) and dyl‘thre(hZ’ChlorohutanoU2 (3:8002).] 

C in this present discussion designates the ordinary mixture of stereoisomeric configura- 
tions of 3-chlorobutanol-2. 

Colorless somewhat viscous liq. of agreeable odor. — C is sol. at 20° in 15 vols. aq. (2); 
its sepn. from dilute aq. solns. is best effected by steam distillation at reduced pressure (6) 
cf. (9). 

[For prepn. of C from ordinary butene-2 (mixt. of cis and Irans stereoisomers) by addn. 
of HOCl (yields: 55% (11), 50% (3), 20% (5)) <4) (1) (2), with Ch + steam at 100° (60- 
65% C together with 10-30% 2,3-dichlorobutane (3:7615) (6)), with CI 2 + aq. at 40-50° 
(50-60% yield (6)) (9), or with A^-chlorourea in dil. aq. acid 15-17° in pres, of CuCl 2 (best 
yield 79.9% C +20.1% 2,3-dichlorobutane (3:7615) obtd. in 5% AcOH (7), but pro- 
portion of the two products varies widely with nature of acid used) see indie, refs.) 

[For tabular and graphic data on equilibrium consts. of binary system C + aq., and 
ternary system C + 2,3^chlorobutane (3:7615) + aq. see (8).] 

C in 8.t. at 180°, or C with aq. in s.t. at 100° for 10 hrs. or at 120° for 3 hrs., gives (80- 
100% yield (3)) (10) butanone-2 (ethyl methyl ketone) (1:5405) + HCl (cf. also (14)). 

[C with solid KOH (5), or with 40-50% aq. NaOH or KOH (15-20% excess) at 75-90° 
(11) (10), or with aq. KOH, K 2 CO 3 , or PbO at ord. temp. (3) (4) (2) causes elimination 
of HCl and gives (yields: 87-90% (11), 75-81% (10), 66% (5)) 2,3-epoxybutane (a,/3- 
dimethylethylene oxide) (1:6116) (mixt. of cis and irans stereoisomers).] 

[The simple alkyl ethers of C have been prepared by indirect means; e.g., from butene-2 
by action of corresp. alkyl hypochlorites dislvd. in the corresp. ale. or by action of i\r,Ar - 
dichlorourea in the corresp. ale.: e.g., methyl ether (3-chloro-2-methoxybutane), b.p. 116°, 
D\^ = 1.0230, nij * 1.4225 (12); ethyl ether (3-chloro-2-ethoxybutane), b.p. 122-124°, 
DJ* == 0.9612, wd *= 1.4260 (12); for 7i-propyl, isopropyl, and isoamyl ethers see (12).] 

1096 
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S-Chlorobutyl-a acetate: b.p. 161-165® at 760 mm., 71-73® at 30 mm., Dj® * 

1.0692, r?D = 1.4298 (13) cf. (7). [Prepd. indirectly from ord. butene -2 with 
dichlorobenzenesulfonamide + AcOH in ether (28% yield (13)).] [For analogous 
prepn. of the corresp. formate, chloroacetate, and trichloroacetate see (13).l 

3-Chlorobutyl-2 benzoate: b.p. 263-265.5 u.c. (7). 

3-Chlorobutyl-2 ^-nitrobenzoate: unreported. 

3-Chlorobutyl-2 3,6-dinitrobenzoate: unreported. 

3:8000 (1) Fourneau, PuyaJ, Bvll. aoc. chim. (4) 31 , 427-428 (1922). (2) Henry, Compt, rend. 

145 , 499 (1907). (3) ICrassusy, J. Ruas. Phys.-Chem. Soc. 34 , 287-315 (1902); Cent. 1902 , II 
20. . (4) Krassuski, Compt. rend. 145 , 763 (1907). (5) Norton, Hass, J. Am. Cfiem. Soc. 58 , 2147 
(1936). (6) Batalin, Ugryumov, J. Gen. Chem. (U.S.S.R.) 4 , 871-874 (1934); Cent. 1936, 1 986; 

C.A. 29 , 2147 (1935). (7) Likhosherstov, Alekseev, J. Gen. Chem. (U.S.S.R.) 3 , 927-932 (1933); 
Cent. 1934 , II 1437; C.A. 28 , 3053-3054 (1934). (8) Bushmakin, Gol’dinan, Kuchinskaya, 
Sintet. Kauchuk 4 , No. 1, 33-35 (1935); Cent. 1936 , 1 1131; C.A. 29 , 4248 (1935). (9) Batalin, 
Ugryumov, Tikhomirov, Sintet. Kauchuk 3 , No. 6, 6-12 (1934); Cent. 1935 , II 1935; not in C.A. 
(10) Batalin, Ugryumov, Sintet. Kauchuk 5 , No. 6, 8-16 (1936); Cent. 1936 , II 3357; C.A. 30 , 
6701 (1936). 

(11) Wilson, Lucas, J. Am. Chem. Soc. 58, 2398-2399 (1936). (12) Likhosherstov, Alekseev, 
J. Gen, Chem. (U.S.S R ) 4 , 1279-1282 (1934), Cent 1936 , I 4287, C A. 29 , 3306 (1935). (13) 
Likhosherstov, Petrov, J. Gen. Chem. (U.S.S.R ) 9 , 2000-2008 (1939) ; C.A. 34 , 4380-4381 (1940). 
(14) Gutner, Tishchenko, /. Gen. Chem. (U.S.S.R.) 6 , 1729-1735 (1936), Cent. 1937 , 1 3786; C.A. 
31,4265(1937). 

3:8002 d,Mbreo-3-CHLOROBUTANOL.2 OH H C 4 H 9 OCI BeU. S.N. 24 





B.P. 130.8” at 748 mm. (1) 1.0586 (1) nff = 1.4386 (1) 

53.0° at 30 mm. <1) 

51.5- 53.5° at 30 mm. <2) = 1.0636 (2) = 1.4403 (2) 

51.6- 53.1° at 30 mm. <1) 

[/See also ord. 3-chlorohutanol-2 (3:8000) and d,l-^rythro~3-chlorohutanol-2 (3:8004).] 

[For prepn. of C from cts-2, 3-epoxybutane (1:6116) (2 moles) with cone. HCl (3 moles) 
at 5® or below (77% yield) see (1); from a6-butene-2 with <cr-butyl hypochlorite (3:7165) 
in ACOH/H 2 SO 4 (61% yield ( 1 )) or with Ca(GCl )2 in AcOH ( 2 ) see indie, refs.; from the 
diacetate of meso-butanediol-2,3 (1:6452) in cone. HCl contg 1 drop cone. H 2 SO 4 with 
large excess dry HCl gas at — 10® for 90 hrs. (43% yield) see (1). — Note that C cannot 
be obtd. from butene-2 with aq. iV-chloroacetamide (1).] 

[C (1 mole) with' SOCI 2 (1.5 moles) refluxed 3 hrs., then kept at 100® for 3 hrs. more, 
gives (17.4% yield (1)) d,i-2,3-dichlorobutane (3:7615); note, however, that C (1 mole) 
with SOCI 2 (2 moles) htd. 2 hrs. at 95® in pres, of pyridine gives (24% yield (1)) 7neso-2,3- 
dichlorobutane (3:7580). — Note that C with cone. HCl or with cone. HCl + ZnCh fails 
to give any dichlorobutane; note also that C fails to react with 60% HBr even in s.t. at 
100 ; for 3 hrs. (1).] 

[C with very cone. aq. KOH at 90-95® loses HCl and gives (75% 3 ield (1)) cm-2,3- 
epoxybutane (1:6116).] 

3:8002 (1) Lucas, Gould, J. Am. Chem. Soc. 63, 2541-2551 (1941). (2) Wilson, Lucas, J. Am. 
Chem. Soc. 58 , 2396-2402 (1936). 
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3:8004 dJt-erythro-S-CHLOKOBUTANOL-2 OH Cl 

CHs — (fj i- 

k k 


C 4 H 9 OCI 

-CHa 


BeiL S.N. 24 


B.P. 135.4° at 748 mm. <1) Z)J® - 1.0610 <1) = 1.4397 <1) 

55.9-56.1°at 30 mm. (1) 


[See also ord. ll~chlorobutanol-2 (3:8000) and d,l’-threo-3-chlorobutanol-2 (3:8002).] 

[For prepn of C from /ram-2, 3-epoxybutane (1:6116) (2 moles) with cone. HC! (3 
moles) at 5° or below (82 5% yield) see (1).] 

[C (1 mole) with SOCI2 (1.5 moles) refluxed 3 hrs., then kept at 100° for 3 more lirs gives 
(16% yield (1)) weso-2,3-dichlorobutane (3:7580); C (1 mole) in pyridine (2.2 moles) 
treated with SOCI2 (2 moles) at 100° for 3 hrs. gives (63% yield (1)) d,/-2,3-dichlorobutane 
(3:7615), and C (3 moles) with PCI3 (1 mole) at 100° for 3 hrs also gives (20% yield (1)) 
d,/-2,3-dichlorobutane (3:7615); note, however, that C (1 mole) with PCls (3.9 moles) in 
CHCI3 refluxed 2 hrs. gives (42.7% yield (1)) a mixt. of d,l- and meso- forms of 2,3*-dichloro- 
butane. — Note that C with cone. HCl or with cone HCl + ZnCl2 fails to give any di- 
chlorobutane; note also that C fails to react with 60% HBr even m s.t at 100° for 3 hrs. (1 ).] 
[C with aq. KOH loses HCl and gives (1) /ram-2, 3-epoxybutane (1:6116).] 

3:8004 (1) Lucas, Gould, J. Am. Chem. Soc. 63, 2541-2551 (1941). 


3:8010 2,8-DICHLOROPENTANE 

(8.V^.-Ethyl-methyl- 
ethylene dichloride) CII3.CH 


Cl Cl 

2 — (!/ — ^ — c 


Ha 


B.P. 138-139.5° (1) 

50-53° at 28 mm. (2) 
50-51° at 20 mm. <3} 


C 5 H 10 CI 2 


BeU. I - 131 

Ii- 

h-( 96) 


Principal component of comml. ** amylene dichloride ” (5). 

[For prepn. of C from pentene-2 (umym.-ethy 1-methyl-ethylene) (1 :8215) + CI2 at —17° 
(3) or below —5° (4) see indie, refs.; for formn. of C (together with other products) from 
pentane (1:8505) -f CI2 see <2) (5).] 

C on boilg. with 10% ale. KOH gives (2) 2-chloropentene-2 (3:7285), but C with aq. 
K2CO3 gives no pentanediol-2,3 (see below). 

C on boilg. with Zn dust in ale. or on htg. with Na in xylene at 120° gives (6) pentene-2 
(1:8215). 

[C + aq. vapor passed at 300° over MgCla gives (48-50% yield <7)) pentadiene-1,3 
(1 1^8035).] 

C on protracted (250 hrs.) boilg. with 35 pts. aq. gives (3) traces of the cofresp. glycol, 
pentanediol-2,3 [Beil. 1-482], and either or both pentanone-2 (1:5415) and/or pentanone-3 
(1:5420). 


3:8810 (1) Kondakov, Ber. 24, 931 (1891). (2) Lemke, Tishchenko, J. Gen. Chem. (U.S.S.R.) 
1, 1996-1998 (1937) ; Cent. 1938 , 1 2397; C.A. 38 , 482 (1938). (3) Froebe, Hochstetter, Moruxtsh. 
83 , 1085-1086 (1902). (4) Tishchenko, Schtschigelskaya, J. Gen. Chem. (U.S.S.R.) 7 , 1246- 
1248 (1937); Cent. 1838 , II 2676. (5) Ayres, Ind. Eng. Chem. 21, 902 (1929). (6) Bourgeul, 
BuU. soc. chim. (4) 36 , 1634-1635 (1924) ; Ann. chim. (10) 3 , 370 (1925). (7) Lemke, Tishchenko, 

Russ. 50,691, March 31, 1937; Cent. 1838 , II 174. 
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3:8012 


3 : 8012 l-CHLOROBUTAHONE-2 

(Chloromethyl ethyl ketone) 


C 4 H 70 a 

CH 3 --CH 2 --C---CH 2 

h k 


BeiL I • 669 
Ii-(348) 
J»-(731) 


B.P. 

138.8-139.2* cor. at 766 mm. (1) 
137-138" (2) (9) 

137.5" (3) 

136-137" (4) (5) 

134-136" (6) 

133-135" (7) 

125" at 766 mm. {8> 

124-126° (11) 


BJ>. (cofUd.) 

67-68° at 67 mm. (2) (9) 

65° at 60 mm. (3) 

63° at 40 mm. (10) 

59-60° at 30 mm. (6) 

65-56° at 30 mm. (2) 


Jji? = 1.080 (8) 
nH? = 1.4270 (8) 


[See also ^hlorobtUanone-‘2 (3:7598).] 


Liquid with penetrating odor. — Insol. aq. 

[For prepn. of C from ethyl methyl ketone (butanone-2) (1:5405) with CI2 in pres, of 
CaCOa + aq. (yields of C about 25% always accompanied by 75% of the isomeric 3- 
chlorobutanone-2 (3:7598)) see (1) <3) <6) <10) (12); with CI2 in vapor phase (13) (14), 
with CI2 or SO2CI2 in sunlight (8) (11), or with AT-cIilorourea (5) see indie, refs. — For 
formn. of C from l-chlorobutanol-2 (3:8025) by oxidn. with chromic acid (4), from butene-1 
with HOCl (4), from 2-chloromethyl-2-ethyl-4-methyl-l,3-dioxolone-5 by hydrol. with 
AcOH/HCl (9), or from 2-(chloromethyl)butene-l (3:9214) by ozonolysis (18) see indie, 
refs.] 

[C on reduction using yeast gives (15) l-chlorobutanol-2 (3:8025).] 

C on oxidn. with HNO3 (8) (11) yields chloroacetic acid (3:1370). 

[C on hydrolysis, e.g., by refluxing overnight with K formate in MeOH, yields (1) butan- 
one-2-ol-l (propionyl-carbinol) [Beil. 1-826, l2-(870)J, b.p, 153-154°, 50.5-51.0° at 14 
mm. (1); note, however, that C with K acetate in EtOH gives (6) (8) (11) (65-70% yield 
(6)) propionyl-carbinyl acetate, b.p. 176° (8) (11), 178-180° (6).] 

[C with cone. aq. KCN even in the cold yields (8) (11) the corresp. nitrile, propionyl- 
acetonitrile [Beil. 111-671], b.p. 164-165° (8) (11), colorless liq., insol. aq. — C with cone, 
aq. (NH4)2S03 at 70° yields (7) butanone-2-sulfonic acid-1. — C with NaNa in aq. contg. 
AcOH yields (10) l-azidobutanone-2, oil, b.p. 56° at 2 mm. (10).] 

[C with thiourea refluxed for 2 hrs. gives (72% yield (16)) 2-amino-4-ethyithiazole 
hydrochloride, cryst. from alc./acetone, m.p. 185.5-187.5° u.c.; this salt with cone. aq. 
NH4OH gives the free base, m.p. 35°, b.p. 118-120° at 7 mm. (16) (corresp. acetyl deriv., 
m.p. 117.5° u.c. (16)). — C with thiobenzamide -f NaOAc htd. in ale. gives (67% 3rield 
(17)) 4-ethyl-2-phenylthiazole, yel. cryst. from xylene, m.p. 117-118° (17).J 
C with phenylhydrazine yields (4) a prod., yel. cryst. from AcOH, m.p. 210-215° dec., 
whose structure is in doubt. 


® Chloromethyl ethyl ketone semicarbazone: m.p. 121° (5), 120-121° (18). 

® Condens. prod, of C with AT-methyl-zS-carbohydrazidopyridinium ^-toluenesulfonate: 
cryst. from 1: 1 EtOH /ether, m.p. 136-137° cor. (19). [From C -h indicated reagent 
refluxed 15 min. in abs. ale. (19).] 

® l-(Phthalimido)butanone-2: ndls. from hot aq., m.p. 107° (12). [From G with K 
phthalimide in dry xylene 2 hrs. at b.p. (27% yield (12)).] 

3:8012 (1) Levene, Haller, J. Biol Chem, 74, 348 (1927). (2) Blaise, BvU. aoc. chim. (4) 15, 733 
(1914). (3) Justoni, Chimica e indmtria (Italy) 24, 89-94 (1942); Cent. 1943, I 383. (4) de 
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Montmollin, Matile, Helv. Chim. Acta 7, 107-109 (1924). (5) B^hal, Detoeuf, Compt. rend. 158, 
1230 (1911). <6) Kling, Bull. aoc. chxm. (3) 33, 326-326 (1905) ; Ann. chim. (8) 5, 536-639 (1906). 

(7) Backer, Strating, Zuithoff, Rec. tram. chim. 56, 762-764 (1936). (8) van Reymenant, Bull, 

acad. ray Belg. 1900, 724-742; Cent. 1901, 1 96-96. (9) Blaise, Bull. soc. chim. (4) 16, 673 (1914). 

(10) Forster, Fiera, /. Chem. Soc. 93, 675, 677 (1908). 

(11) Henry, Bull. acad. ray. Belg. 1900, 67-63; Cent. 1900, I 1123. (12) Kolshorn, Ber. 37, 

2474 (1904). (13) Justoni, Chimica e industria {Italy) 24, 196-201 (1942); Cant. 1943, I 1659. 
(14) I.G., French 813,131, May 26, 1937, Cent. 1937, II 2071. (15) Santomauro, Biochem. Z. 

161, 50 (1924) ; Cent. 1924, II 2272. (16) Bergcim, Coy, Lott, J. Am. Chem. Soc. 62, 1873 (1940). 

(17) Friedman, Sparks, Adams, J. Am. Chem. Soc. 59, 2263 (1937). (18) Gutner, Tishchenko, 
J. Oen. Chem. (U.S.S.R.) 8, 1062-1067 (1938); Cent. 1939, II 4221. (19) Allen, Gates, J. Org. 
Chem. 6, 696-601 (1941). 


3:8015 1,1-DICHLOROPENTANE CtHioCk Beil. S.N. 10 

CH3.CH2.CH;j.CH2.CHCl2 

B.P. 139.4r-140.2® (1) 

[For prepn. of C from isovaleraldehyde (1:0140) with PCI5 see (1); for formn. of C 
(together with other prods.) from pentane (1 : 8505) by vapor-phase photochemical chlorin- 
ation see (2).] 

3:8015 (1) Kohlrausch, KOppl, Monatsh. 65, 197 (1935). (2) Hass, Huffman, J. Am. Chem. 
Soc. 63, 1233-1235 (1941). 


3:8020 d,/-a-METHYL-n-VALERYL CHLORIDE CeHnOCl BeU. S.N. 162 
(Methyl-n-propy 1-acetyl chloride) CH3.CH2.CH2.CH . C=0 

in, ii 

B.P. 140.0-140.8° at 746 mm. (1) = 0.9781 (1) 

Dl = 0.9979 (1) 

(For prepn. of C from_2-methylpentanoic acid (1:1117) with SOCI2 see (1).] [The 
dextrorotatory isomer of C has also been reported (2).] 

C on hydrolysis yields 2-methylpentanoic acid (1:1117) q.v. (for the amide, anilide, 
p-toluidide, and other derivatives corresponding to C see 1:1117). 

3:8020 (1) Hommelen, BuU. soc. chim. Belg. 42, 243-250 (1933). (2) Levene, Mikesa, J. Biol. 
Chem. 84, 576 (1929). 


3:8023 4-CHLOROHEPTENE-3 Cl C 7 H 13 CI 

CH,.CH 2 .CHs.(!i=CH.CH 2 .CHj 

B.P. 141° (1) Dl* = 0.883 (2) 

138.6-139.5° cor. (2) 


BeU. I - 330 




11- 

12- (197) 
1.437 (2) 


Two geom. stereoisomers of C are possible, but only G has yet been recognized. 

(For prepn. of C from heptanone^ (di-r^-propyl ketone) (butyrone) (1:6447) with 
PClfi see (1) (2).] 

C on treatment with NaNH2 in pseudocumene at 140® yields (3) heptyne-3 (1:8095) 
together with a solid prod, which with aq. yields (3) heptyne-1 (1 : 8085). 


3:8023 (l) Tawildarow, Ber. 9, 1442 (1876). (2) Bourgeul, Compt. rend. 178, 1669 (1924); Butt. 
aoc. chim. (4) 36, 1636-1637 (1924); Ann. chim. (10) 3, 372 (1925). (3) Bourgeul, Com^. rend. 
178, 1986 (1924); Ann. chim. (10) 3, 342.(1925). 
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3:8026-3:8088 


3:8026 d^l-CHLOROBUTANOL-2 H C4Hg0a 

(o-Butylene chlorohydrin) I 

CH8.CHj.C.CH2C1 

in 


BeU. I — 

11- 

12- (402) 


B.P. 141“ (1) 

68-70“ at 27 mm. (2) 

53-65“ at 17 mm. <5) 

52“ at 16 mm. (3) 

[See aUo 2<hl(yrohvimioU\ (3:9160).! 


= 1.068 <2) - 1.4410 (2) 

Dj® = 1.040 {3) n}? = 1.4363 <3) 


Colorless liq. when freshly distd. but turns red on stdg. and darkens with time (3). — 
On distn. at ord. press, partially dec. with loss of HCl (3) [and probable formn. of 1,2- 
epoxybutane (see below)]. 

[For prepn. of C from butcne-1 + HOCl (40-50% yield) see (1) cf. (5); from chloro- 
acetaldehyde (3 : 7212) -f C2H6MgBr in ether see (3) (5) ; for prepn. (44% yield) by hydroly- 
sis of corresp. trichloroacetate (obtd. by chlorination of sec.-butyl trichloroacetate) see {2}.] 

C on oxidn. with CrOa yields (1) l-chlorobutanone-2 (3:8012). 

C with hot cone. KOH gives (50% yield (1)) 1,2-epoxybutane (1:6118), b.p. 61-62“ (4). 
[For study of this reaction see (4).] 


Chloromethyl-ethyl-carbinyl acetate: unreported. 

Chloromethyl-ethyl-carbinyl benzoate: unreported. 

Chloromethyl-ethyl-carbinyl ^-nitrobenzoate : unreported. 

Chloromethyl-ethyl-carbinyl 3,6-dinitrobenzoate: unreported. 

l-(^-Phthalimido)butanol-2: unreported. 

(© Chloromethyl-ethyl-carbinyl ^-phenylcarbamate : m.p. 78.5-79“ (3). 

3:8026 <1) de Montmollin, Matile, Helv. Chim. Acta 7 , 106-107 (1924). (2) Waddle, Adkins, J, 

Am. Chem. Soc. 61 , 3363 (1939). (3) Helfcrich, Speidel, Ber. 64 , 2636-2637 (1921). < 4 ) Moureu, 
Dod6, Bull. 80C. chim. (5) 4 , 288-289 (1937). (5) Olson, Whitacie, J. Am. Chem. Soc. 66 , 1020 

(1943). 


3: 8028 METHYL /3-CHLOROISOCROTONATE CsHtOzCI 

CHa— C— Cl 

ciijooc— <!:— H 


Befl. n - 417 
ni-(190) 
n2-(396) 


B.P. 142.4° COT. (1) 

141-142° (2) 

42-43° at 13 mm. (3) 


= 1.138 (1) (3) 

Di* ® = 1.1361 (3) n}?® - 1.46733 (3) 

DL® = 1.143 (1) 


[See also methyl $-chlorocrotonate (3:9244).] 

[For prepn. of C from /S-chloroisocrotomc acid (3:1300) in MeOH soln. satd. with HG 
gas (1) (3) or htd. with 10% cone. H2SO4 (yields: 70% (2), 60-62% (4)) see indie, refs.; 
from /8-chloroisocrotonoyl chloride (see under /?-chloroisocrotonic acid (3:1300)) with 
MeOH (yields: 90-95% (4), 80% <2)) see indie, refs.] 

[C with NaSH in MeOH gives (40-45% yield (2)) methyl /9-mercaptocrotonate; note 
that the prod, is apparently a mixture of the two geometrically stereoisomeric thioenols 
together with the keto form, viz., methyl thioacetoacetate, CH3.CS.CH2.COOCHS; for 
det^dls see (2).] 

[C with Na salt of ethyl mercaptan below 5® gives (80% yield (4)) a mixt. (b.p. 116-132“ 
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at 14 mm.) of methyl /3-ethyImercjiptocrotonate and methyl /J-ethylmercaptoiaocrotonate. 
— C with Na salt of benzyl mercaptan gives (85% yield <4)) methyl /S-benzylmercapto- 
crotonate, cryst. from ether or MeOH, m.p. 60-70° (4), 73° (2); note the change to the 
other series of stereoisomers and also that this same prod, is obtd. (78% yield (2)) from the 
Na thioenolate of methyl j9-mercaptocrotonate with benzyl chloride. 

C with hydrazine hydrate splits out HCl and MeOH with consequent ring closure yielding 
(5) (6) 6-methylpyrazolone-3 [Beil. XXIV-19, XXIVi-(189)l, m.p. 215° (5) <6). 

3:8028 (l) Geuther, Frolich, Zeit. fiXr Chemie 1869, 274. (2) Scheibler, Topouzada, Schulze, /. 

prakt. Chem, (2) 124, 16-20 (1930). (3) von Auwers, Ber. 45, 2807 (1912). (4) Scheibler, Voas, 

Ber. 53, 381-387 (1920). (5) Freii, Atti V corigr. nazl. chim. pura applicata, Rome 1935, Pt. I, 

361-365 (1936) ; Cent. 1937, 1 4630 ; C.A. 31, 3914 (1937) . (6) Freri, Gazz. chim. ital. 66, 25 (1936) ; 
Cent. 1936, II 621; C.A. 30, 6387 (1936). 


3; 8C30 d,/-3-CHLORO-2-METHyLBUTANOL.2 CsHnOCl 
(Trimethylethylene chlorohydrin; Cl CH3 

3-chloro-<€r-amyl alcohol; I I tt 

CH3 — C C — CH3 

k u 


o-chloroethyl-dimethyl-carbinol ) 


Beil. I > 390 
12.(424) 


B.P. 141-143° 

0) 

= 1.0355 

(2) 

141° 

(2) <3) (4) 

Z>o = 1.0568 


139-141° 

<5) 

(2) 

43-45° at 16 mm. (5) 

1.0546 

(1> 


Liq. sol. in 15-16 pts. aq. at room temp. <1). 

[For prepn. of C from 2-methylbutene-2 (trimethylethylene) (1:8220) with HOCl 
(50% yield <1) (2)) or with iV-K;hlorourea in acid solution (70% yield (5)) see indie, refs.; 
for prepn. of C from 3.chloropentanone-2 (a-chloroethyl methyl ketone) (3:7893) (3) <4) or 
from ethyl a-Kjhloropropionate (3:8125) (6) with MeMgBr (3) or MeMgl (4) see indie, refs.; 
note that a mixture of C \\'ith 2.chloro-2-methylbutanol-3 (3:9290) results from 2,3.epoxy- 
2>methylbutane (trimethylethylene oxide) [Beil. XVII-13], b.p. 75°, by ring cleavage with 
HCl (4).] 

C on distillation over P2O6 (1) or on htg. at 130° with anhydrous oxalic acid (1:0535) 
(5) or with H2SO4 (92% yield (7)) gives 3-chloro*2-methylbutenc-2 (trimethylvinyl chloride) 
(3:7335), b.p. 97-98°, -f lH5hloro-2-methylbutene-2 (/3,7-dimethylallyl chloride) (3:7485), 
b.p. 110°. 

C on boilg. with aq. + BaCOs yields (5) 2-methylbutanediol-2,3 (trimethylethylene 
glycol) [Beil. 1-482, Ii-(251), l2-(549)l; C on htg. with KOH (3) <6), ale. KOH (40% yield 
(5)), or better powdered KOH in ether (70% yield (5)) gives 2,3-epoxy-2-methylbutane 
(see above). 

C on htg. in a s.t. with aq. at 140° (8) or by itself at 155° (8), or on htg. with aniline 
(70% yield (5)), gives 2-methylbutanone-3 (isopropyl methyl ketone) (1:5410). 

C with MeMgl as directed <9) yields 2,3-dimethylbutanol-2 (dimethyl-isopropyl-carbinol) 
(1:6187). 

3:8930 (1) Krazsuski, J. Rues. Phys.^Chem. Soc. 33, 1-26 (1901) ; Cent. 1901, 1 995. (2) Mokiew- 
sky, J. Ruse. Phye.-Chem. Soc. 30, 885-900 (1898) ; Cent. 1899, 1 589. (3) Fourneau, Tiffeneau, 
Compt. rend. 145, 439 (1907). (4) Nilsson, Smith, Z. phyaik. Chem, A-166, 144-145 (1933). (5) 

Detoeuf, BvU. soc. chim. (4) 31, 170-171 U922). (6) Henry, Bull. aoc. chim. Bely. 20, 152-156 
(1906); Cent. 1900, II 1178; Rec. trav. chim. 26, 420 (1907). (7) Groll, Burgin (to SheU Develop- 
ment Co.), U.S. 2,042,223, May 26, 1936; Cent. 1937, I 1274; C.A. 30, 4875 (1936). (8) Kras- 
Buski, J. Ruaa. Phya.-Chem. Soc. 34, 287-315 (1902); Cent. 1902, II 19. (9) Earl, J. Proc. Roy. 
Soc. N.S. Walea, 01, 71 (1928); Cent. 1929, 1 863; C.A. 23, 815 (1929). 
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3:8038-3:8036 


3:8038 1-CHLOROHBPTYNE-l CrHuO B«il. S.N. 18 

CHj.CHs.CH*.CH8.CHs.CsC-C1 

B.P.‘ 141-148° at 760 mm. <1) 1^ = 0.0860 <3) = 1.4411 (3) 

65** at 49 mm. (2) 

66° at 46 mm. (3) = 0.918 (1) (6) «}? « 1.441 (1) (5) 

68.0-68.4° at 36 mm. (4) 

[For prepn. of C from heptyne-1 (n-amylacetylene) (1:8085) via conversion with NaNHj 
in ether (1) or in liq. NH3 (4) to CsHu.C^C — Na and subsequent rcactn. with benzene- 
sulfonyl chloride (yield: 52% <5), 60% <1)) or 2!)-toluenesulfonyl chloride (yield: 60-65% 

(1) (5)) see indie, refs.; via conversion with KNH2 in liq. NH3 (3) to C5H11 — CfeC.K and 
subsequent treatment with CI2 in dry ether at —70® see (3).] 

Refractive indices of C on Pulfnch instrument: no'® = 1.4402; no ® = 1.4429; np'® * 

l. 4492; nj? ® = 1.4540 (1). 

C with HgS04/H2S04 gives (24r-28% yield {!)) l-chloroheptanone-2, b.p. 72-75® at 
20 mm., D?? - 0.802, niJ = 1.450 (1) (see, however, different values below). 

C refluxed 6 hrs. with ale. NaOEt gives (74% yield (1)) n-heptanoic acid (1:1140). 

[C with HgO.BFs cat. in MeOH gives (30% yield (2)) l-chloro-2,2-dimethoxyheptane, 
b.p. 80-82° at 8 mm., DJ® = 0.9842, nf? = 1.4325 (2); this on hydrolysis with 15% HCl 
yields (2) l-chloroheptanone-2, b.p. 80-82° at 13 mm., = 0.9896, nU = 1.4387 (2) 
(cf. values given above for prepn. by different method).] 

[C with KCN in aq. MeOH gives (43% yield (2)) l-cyano-2-methoxyheptene-l, b.p. 
124r-131 ° at 15 mm., = 0.9205, nf? ~ 1.4462 (2) (prob. a mixt. of geom. stereoisomers).] 
C fails to react with KI; after htg. 4 hrs. with 10 pts. KI C was recovered unchanged 
( 1 ). 

3:8032 <l) Truchet, Ann. chim. (10) 16, 325, 331-334, 337, 343-351 (1931). (2) Pflaum, Wenzke, 
J. Am. Chem. Soc. 56, 1106 (1934). (3) McCusker, Vogt. J. Am. Chem. Soc. 59, 1307-1309 
(1937). (4) Cleveland, Murray, Taufen, J. Chem. Phys. 10, 173 (1942). (5) Bourgeul, Truchet, 
Compt. rend. 190, 754 (1030). 

3:8035 d,Z-/3-METHyL-n-VALERyL CHLORIDE CeHuOCl BeU. S.N. 162 

(s€c.-Butyl-acetyl chloride) CH3.CH2.CH.CH2.C=0 

in, Cl 

B.P. 148.6-143.0° at 749 mm. (1) = 0.9781 U)' 

148-144° (2) 

140° at 738 mm. (3) i>2 = 0.9963 (1) 

[For prepn. of C from 3-methylpentanoic acid (1 : 1125) with SOCI2 see (1) (2) (3).] 

[C with AICI3 + CeHe in CS2 gives (3) (fiec.-butyl-acetyl)benzene (/3-methyl-n-valerophe- 
none, b.p. 160-161° at 50 mm. (semicarbazone, m.p. 179-180°); C with diethyl-zinc yields 

(2) 3-methylheptanone-5, b.p. 156.5-157.5°, Dl^ ~ 0.825, no - 1.4159 (semicarbazone, 

m. p. 101-102°).] 

C on hydrolysis yields 3-methylpentanoic acid (1:1125) q.v. (for the amide, anilide, 
p-toluidide, and other derivatives corresponding to C see 1:1125). 

3:8635 (1) Hommelen, Bnll. soc. chim. Bely. 42, 243-250 (1933). (2) Colonge, Bull. soc. chim. 
(4) 49, 448 (1931). (3) Stenzl, Fichtei, ffelv. Chim. Acta 29, 849 (1937). 



3:8040 


DIVISION B, SECTION 2 


1104 


3:8040 CHLOROCYCLOHEXANE 

(Cycloheicyl chloride) 


CH2“~CH2 CdHiiCl 
/ \H 

H 2 C C— Q 

^CH*— CH»^ 


BeiLV. 21 
Vi.( 8) 
Vi-(ll) 


B.P. 


143® 

at 768 mm. (1) 

143® 

at 760 mm. (34) 

143.9-143.7® 

at 760 mm. (2) 

143.9® 

at 760 mm. (3) (4) 

143® 

at 760 mm. (1) (5) 

141.9-143.6® cor. 

at 748 mm. (6) 

141-143® 

at 741 mm. (1) 

143.03® 

at 740 mm. (7) 

69-68® 

at 62 mm. (13) 

60.6® 

at 48 mm. (3) 

43® 

at 21 mm. (3) 

33-34® 

at 10 mm. (23) 


M.P. 

-43.9® (4) 1^®-® - 1.0000 (8) 

-43.0° (7) nl? ® = 1.46264 (8> (13) 

» 1.0056 (6) 
n^® = 1.4626 (34) 
ng => 1.462 (6) 


Colorless liq- with somewhat penetrating but not disagreeable odor. — Volatile with 
steam. — Stable when pure and dry; in presence of moisture and traces of HCl, however, 
turns yellow, then brown <1). 

(For prepn. of C from cyclohexanol (1:6416) + cone. HCl under various conditions 
(yield: 93% <12), 90% (7), 86% (3), 60-70% <9)) see (1) (10) (7) (3) (9); from cyclohexane 
by chlorination with CI 2 (11) (1) (6) (18) (33) or with SO 2 CI 2 (5) (13) see indie, refs.; from 
cyclohexene (1:8070) with <er-BuCl (3:7045) in liq. HF at 0-5® (65% yield) see (34).] 

C on treatment with ale. KOH (14) (6) (8), or on passing over dehydrohalogenating 
catalysts such as CaO, BaCh, etc., at elevated temps. (15) (16) (17) (19), or even some- 
what on distillation (7), loses HCl to give cyclohexene (1:8070), b.p. 83®. 

[For study of behavior of C with AICI 3 in CS 2 or cyclohexane see (20); for reactn. of C 
with CeHe + AICI 3 to give 60-78% yield of phenylcyclohexane (1:7595), b.p. 238.7®, see 
(9) (21); for reactn. of C with NaOCeHn to yield dicyclohexyl ether, b.p. 124-126® at 10 
mm., see (22); for study of reactivity of C with KI (23) (24), NaOMe, pyridine, or piperidine 
(24) see (23) (24); for reactn. of C with oxalyl chloride (3:5060) giving (60% yield (31)) 
hexahydrobenzoyl chloride (3:8580), b.p. 180-181® u.c., see (31).] 

C with Mg in dry ether gives under optimum conditions 96.5% yield (25) RMgCl; this 
on oxidn. with O 2 at 25® gives (81% yield (26)) cyclohexanol (1:6145) q.v., accompanied 
by small amts, of dicyclohexyl ether and dicyclohexyl (1:8490). [Note that C on reactn. 
with Ag 3,5-dinitrobenzoate does not (27) yield expected cyclohexyl 3,5-dinitrobenzoate, 
m.p. 112-113®.] 

® Cydohezanecarbozylic acid (hexahydrobenzoic acid) (1:0575): m.p. 30-31®, b.p. 
233®, Neut, Eq. 128. [From RMgCl on treatment with CO 2 and subsequent acidifica- 
tion (85% yield (25) (28)).] 

® Cyclohezanecarboxylic acid anilide (hezahydrobenzanilide): m.p. 146® cor. (29), 
143-144® U.C. (30). [From RMgCl (30) (or RMgBr (29)) by reactn. with phenyl 
isocyanate.] 

O Cyclohezanecarboxylic add ^-toluidide (hezahydrobenzo-^-toluidide) : unrecorded. 

O Cyclohezanecarboxylic acid a-naphiha)ide (hezahydrobenzo-a-naphthalide) : m.p. 
188® u.o. (32). [From R.MgBr + a-naphthyl isocyanate (32).] 
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3:8040-3:8050 


LIQUIDS WITH < 1.16 

S:8040 <l) Markownikow, Ann, 302, 9-11 (1898). (2> Kohlrausch, Stookmair, Z. physik. Chem. 
B-81, 400 (1936). (3) van Woerden, Rec. trav. ehim. 45, 135 (1926). <4) Nagornov, Rotinyanta, 
Ann, inst, anal. phya. chim. {U.S.S.R.) 3, 162-173 (1926) ; Cent. 1337. 1 2648; C.A, 21, 3780 (1927). 
(5) Kharasch, Berkmann. J. Org. Chem. 6 , 815 (1941). (6) Sabatier, Mailhe, Ann. chim. (8) 10, 

531 (1907) ; BuU. aoc. chim. (3) 29, 976 (1903). (7) van de Vloed, BuU. aoc. chim. Belg. 48, 255, 
261 (1939). (8) Krause, Pohland, Ber. 57, 1066 (1924). <9) Mayes, Turner, J. Chem. Soc. 

1029, 502. <10) I. Zugravescu, S. Zugravescu, Bid. Soc. Chim. Romdnia 19-A, 85-92 (1937); 
Cent. 1939, II 1279. 

(11) Fortey, J. Chem. Soc. 73, 940 (1898). (12) Norris, MulHken. J. Am. Chem. Soc. 42, 2097 

(1920). (13) Kharasch, Brown, J. Am. Chem. Soc. 61, 2142-2150 (1939). (14) Ref. 1, pp. 27- 
28. (15) B.A.S.F. Ger. 252,499; Cent. 1912, II 1708. (16) B.A.S.F. Ger. 254,473; Cent. 1913, 
I 346. (17) Faragher, Garner, J. Am. Chem. Soc. 43, 1716-1724 (1921). (18) Levine, Cass (to 
du Pont), U.S. 2,154,049, April 11, 1939; C.A. 33, 5414 (1939). (19) Levine, Cass (to du Pont), 
U.S. 2,183,574, Dec. 19, 1939; C.A. 34, 2396 (1940). (20) Nenitzescu, lonescu, Ann. 491, 202- 

206 (1931). 

(21) Neunhoeffer, J. prakt. Chem. (2) 133, 105-107 (1932). (22) Fichter, Siegrist, Helv. Chim. 

Acta 15, 703 (1932). (23) Conant, Hussey, J. Am. Chem. Soc. 47, 485 (1925). (24) Tronow, 

Ladigina, Ber. 63, 3060-3067 (1930). (25) Gilman, Zoellner, /. Am. Chem. Soc. 53, 1945-1948 

(1931). (26) Wuyts, BvM. aoc. chim. Belg. 36, 230-232 (1927). (27) Tseng, Chu, Natl. Central 

Univ. {Nanking) Sci. Repta., Ser. A, 1, No. 2, 5-7 (1931); C.A. 26, 2166 (1932); Cent. 1938, 1 669. 
(28) Gilman, Kirby, Org. Syniheaea, Coll. Vol. 1 (2nd ed.), 361-364, Note 10 (1941). (29) 

Schwartz, Johnson, J. Am. Chem. Soc. 53, 1056 (1931). (30) Underwood, Gale, J. Am. Chem. 

Soc. 56, 2119 (1934). 

(31) Kharasch, Brown, J. Am. Chem. Soc. 64, 332 (1941). (32) Gilman, Furry, J. Am. Chem. 
Soc. 50, 1216 (1928). (33) Zellner (to Tide Water Associated Oil Co.), U.S. 2,370,342, Feb. 27, 

1945; C.A. 39, 3634 (1945). (34) Simons, Meunier, /. Am. Chem. Soc. 65, 1269-1271 (1943). 


3:8045 d,I-3,4-DICHLOROPENTENE-2 Cl Cl C 6 H 8 CI 2 

CHr-(!>-<!>=CH— CH, 


B.P. 142-144° at 736 mm. <1) 


Beil. 1-210 
Ii- 


Two geom. stereoisomers of C are possible, but as yet only this one is recognized. 

[For prepn. of C from 3-chloropenten-2-ol-4 with PCI 3 see (1).] 

C on boilg. with aq. is partially reconverted (1) to 3-chloropenten-2-ol-4 [Beil. 1-443 J, 
b.p. 168-159® at 724.4 mm. 

C adds Br 2 yielding (1) 2,3-dibromo-3,4-dichloropentane, b.p. 140-145® at 31 mm. (1). 
3:8045 (1) GarzaroUi-Thurnlackh, Ann. 223, 160-161 (1884). 


3:8050 


d,f-4.CHLOROHEPTENE-2 Cl CrHija 

Sef CH,.CH,.CH Jv-CH=CH.CH, 


Beil. I -220 
li- 
fe — 


B.P. 140-14«° <1) 

140-144° (5) n|,‘ ~ 1.4430 <2) 

86-90° at 104 mm. (5) 

40° at 21 mm. (2) nt* 1.4422 (3) 

46-48° at 12 mm. (3) tit - 0.879 (2) 


Note that some evidence exists (1) that in certain reactions C reacts (by virtue of ailyl 
transposition) as its synionic isomer 2-chloroheptene-3 (but this has not itself been charac- 
terize). 

[For prepn. from hepten-2-ol-4 (propenyl-n-propyl-carbinol) [Beil. 1-447, l2-(488)] 
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<1) <4) (77*mtrobenzoate, m,p. 40-41® <2); iV-(p-xenyl)carbamate, m.p. 103.5® (2)) with 
PCI# (73% yield (4) ) (1 ) <5) or with PCI 3 4- pyridine at 0® (2) see indie, refs.] (The levoro- 
tatory isomer of C (from dextrorotatory hepten-2-ol-4, with PCI 3 + pyridine at 0® (2» 
haB_b.p. 44° at 14 mm., nS = 1-4430 <2).] 

[C with phenol + KjCOj in acetone gives (65% yield (4)) (3) phenyl a-(n-propyl)crotyl 
ether, b.p. 153-154° at 23 mm. (4), 103-104° at 4 mm. (3), = 0.9282 (3), nfj = 1.5000 

(3). — For studies of the rearr. of this ether on htg. see (1).) [For similar reaction of C 
with o-cresol see (3).] 

3:8060 (1) Hurd, Williams, J. Am. Chem. Soc. 68, 2630-2637 (1936). (2) Arcus, Kenyon, J. 

Chem. Soc. 1038, 1918. (3) Hurd, Puterbaugh, J. Org. Chem. 2, 382-384 (1938). (4) Hurd, 

Cohen, J. Am. Chem. Soc. 63, 1920-1922 (1931). (5) Reif, Ber. 41, 2743 (1908). 


3:8055 3-CHLORO-3-ETHyLPENTANE Cl C7H16CI 

(Triethylcarbinyl chloride) J 

CH3.CH2 — C — CH2.CH3 

ins 

dlHs 

B.P. 143-144° (1) 

140-143° (2) = 0.8951 (3) 

83-83.5° cor. at 100 mm. (3) 

64r-65° at S2inm. (4) = 0.8»44 <1) 

43-44° at 20 mm. (5) 


BeU. I — 

Ii-( 58) 
Is-(130) 


ni® = 1.4311 (3) 

1.43276 (1) 
nf? = 1.4329 (4) 
1.4293 (2) 
nl? = 1.4310 (2) 


(For prepn. of C from 3-ethylpentanol-3 (triethylcarbinol) (1:6218) with dry HCl at 
10-15® (88% yield (4)), with HCl (1), or with cone. HCl + ZnCli at room temp. (3) see 
indie, refs.; for formn. of C (2% yield <5)) as by-product of roactn. of triethylcarbinol 
with AICI 3 -I- CeHe (main prod, is 40% yield of 3-ethyl-3-phenylpentane, b.p. 225-226® at 
745 mm., 107-108® at 20 mm., wd = 1.4953, = 1.4975) sec (5); for prepn. of C from 

3-ethylpentene-2 (1:8330) with HCl ga.s in AcOH <3) or with cone, or fumg. HCl (2) see 
(2) (3).] 

C with Mg in dry ether as directed <4) gives 58% yield corresp. RMgCl. 

C converted (as above) to RMgCl, treated with formaldehyde gas, gives (10% yield 
<4)) 2,2-diethylbutanol-l, b.p. 75-78® at 12 mm , n|? = 1.443 (4). 


3:8366 <1) Schreiner, J. prakt. Chem. (2) 82, 296 (1910). (2) Nasarov, Ber 70, 623 (1937). (3) 

Lucas, J. Am. Chem, Soc. 61, 252-253 (1929). (4) Whitmore, Badertscher, J Am. Chem. Soc. 
66, 1560-1662, 1566 (1933). (5) Huston, Fox, Binder, J. Org. Chem. 3, 253 (1939). 


3:8075 d,L3,4-DICHLORO-2-METHYLBUTANE C 6 H 10 CI 2 Beil. I - 137 
(Isopropylethylene dichloride) Cl Cl CH3 Ii-( 47) 

^Ha — (!) — d) — CH3 

k k 

B.P. 143 - 145 ” (1> <3) 

142 ° ( 2 ) 


(For prepn. of C from 3-methylbutene-l (isopropylethylene) (1:8200) -f CI 2 see (1); 
for formn. (together with l,4-dichloro-2-methylbutane (3:8360) and 2,4-dichloro-2-methyl- 
butane (3:8105)) from 4-chloro-2-methylbutane (isoamyl chloride) (3:7366) with CI 2 
in light see <2) <4).] 
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LIQUIDS WITH Df < 1.16 


3:8075-3:8090 


C is scarcely attacked by K 2 CO 3 (1). — C on boilg. with aq. for 100 hrs. can be recovered 
unchanged to extent of 85%, the remainder yielding traces of 2-methylbutaDediol-l,2 
[Beil. 1-482], 2-methylbutanone-3 (isopropyl methyl ketone) (1:5410), and 2-methyl 
butyne-1 (isopropylacetylene) (1:8010) (3). 

[C passed over soda-lime at 470® gives <2) 2-methylbutadiene-l,3 (isoprene) (1:8020). 

3:8075 (1) Kondakow, J. Russ. Phys.-Chem. Soc. 20, 144 (1888). (2) Perkin, J. Soe. Chem. Ind. 

31, 615-624 (1912). (3) Frocbe, Hochstetter, Monatsh. 23, 1079-1081 (1902). (4) Badiflche 

Anilin- u. Soda-Fabrik, Ger. 261,677, March 14, 1911; Cent. 1013, II 326. 

3:8080 d,/-3-CHLOROHEPTANE CtHwCI BeU. I — 

(Ethyl-»-butyl-carbinyl chloride) Cl Ii — 

CH3.CHs.CH2.CHj— 

B.P. 143.4-144.4° at 761 mm. <1) = 0.8690 (2) == 1.4337 (1) 

48.3° at 21 mm. (2) = 0.8733 <2) 1.4338 (2> 

[For prepn. of C from heptanol-3 [Beil. Ii-(205), l2-(444) (2)] with cone. HCl + ZnCl 2 
(yield 60-64% <2)), 30% (1)) see (1) (2).] [A dextrorotatory form of C has been prepd. 
(3) by cat. hydrogenation of levorotatory 3-chloroheptene-l : b.p. 87-90® at 113 mm., 
n5? = 1.4221 (3).| 

C converted to corresp. acetate by 7 hrs. reflux with KOAc -t- AcOH, then hydrolyzed 
by 6 hrs. boilg. with 20% ale. KOH, and the resultant heptanol-3 oxidized with CrOa/HaSOi 
gives (2) heptanone-3 [Beil. 1-699, li-(359), l2-(764)] (semicarbazone, m.p. 88-89® (2)). 

3:8080 (1) Dillon, Lucas, J. Am. Chem. Soc. 50, 1711-1714 (1928). (2) PherriU, J. Am. Chem. 

Soc. 52, 1985-1988 (1930). (3) Levene, Rothen, J. Biol. Chem. 119, 191-192 (1937). 


3:8085 4-CHLOROHEPTADIENE-l,6 Cl CyHnCl 

(DiaUylcarbinyl chloride) cHs^H.CHs4-CHs.CH=CHs 

k 

B.P. 144® dec. {!) 


BeU. 1-257 

Il- 
ia — 


[For prepn. of C from heptadicn-l,6-ol-4 (diallylcarbinol) [Beil. 1-455, Ia-(506)] with 
PClfi see (1).] 

C with ale. KOH readily removes 1 HCl yielding a heptatriebe, b.p. 116® (1). 

3:8085 (1) Saytzeff, Ann. 189, 141-145 (1877). 


3: 8090 7 -METHyL-n-VALERYL CHLORIDE CeHuOCl Beil. H - 329 


(Isocaproyl chloride, 

CH3.CH.CHa.CHa.C=0 

n,- 

isobutyl-Bcctyl chloride) 

in, da 

n2-(389) 

B.P. 143.8-144.6° at 746 mm. (1) 
141.9-144.7° <2) 

1^ = 0.9735 (1) 


141-143° (3) 

[139-130° (8)1 

DS - 0.9933 (1) 



[For prepn. of C from 4-methylpentanoic acid-1 (isocaproic acid) (1:1127) with PCU 
(63% yield <4)), with PCI 3 -f ZnCla (68% yield (4)), or with SOCla <1) <2) (5) <8) (82% 
yield (4)) see indie, refs.) 
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[C with followed by abs. ale. gives (04% yield <6)) ethyl oe-bromo-isobutylacetate, 
b.p. 100-102® at 17 mm. <6); for study of catalytic reduction of C see <7).] 

C on hydrolysis yields isobutylacetic acid (isocaproic acid) (1 : 1127) q.v. (for the amide, 
anilide, p-toluidide, and other derivatives corresponding to C see 1 : 1127). 

3:8090 (1) Hommelen, Bull. soc. chim. Belg. 42, 243-250 (1933). (2) Kohlrausch, Pongrats, Z, 
Vhyaik. Chem. B-22, 383 (1933). <3) Freundler, BuU. soc. chim. (3) 13, 833 (1895). (4) Clark, 

Bell, Tram. Roy. Soc. Can. (3) 27, III 97-103 (1933). (5) Curtius, Hambsch, J. prakt. Chem. (2) 

125, 194 (1930). (6) Guha, Muthanna, Ber. 71, 2670 (1938). (7) Grignard, Mingasson, Compt. 

rend. 185, 1173-1176 (1927). <8) Rupe, Giesler, Hdv. Chim. Acta 11, 664 (1928). • 


3:8095 </,M-CHLOROH£PTAN£ 
(Di-n-propyl-carbinyl 
chloride) 


Cl CtHisCI 

CH 8 .CHs.CH!r-<!!— CH2.CHj.CH3 


B.P. 144^145° at 768 mm. (1) 
143.1-144.4° at 761 mm. (2) 
48.9° at 21mm. (3) 


i)i* 


0.8710 (3) 
0.8619 (1) 
= 0.8751 (3) 


BeU. I — 

Ii— 

Iir{117) 

= 1.4237 {!> 
1.4231 (3) 
1.4199 (2) 


[For prepn. of C from heptanol-4 (1:6228) with cone. HCl + ZnCh (1) (2) (3) (yield: 
60-64% (3), 35% {!)) see indie, refs.] 

C converted to corresp. acetate by 7-hr. reflux with KOAc + AcOH, then hydrolyzed 
by 6-hr. boilg. with 20% ale. KOH, and the resultant heptanol-4 (1:6228) oxidized with 
Cr08/H2S04 gives (3) heptanone-4 (1 : 5447) q.v. (semicarbazone, m.p. 129® by this route, 
132® from authentic heptanone-4 (3)). 

C with powdered or ale. KOH or NaOH slowly regenerates heptanol-4 (1:6228) without 
any trace of olefin (1). 

3:8005 (1) Mathus, Gibon, BuU. soc. chim. Bdg. 34, 306 (1925). (2) Dillon, Lucas, J. Am. Chem. 
Soc. 50, 1711-1714 (1928). (3) Sherrill, J. Am. Chem. Soc. 52, 1985-1989 (1930). 


3:8100 d,f-2-CHLORO-2-METHYLH£PTAN£ 
(n-Amyl-dimethyl-carbinyl chloride) 

CHa. CH 2 .CH 2 .CH 2 .CH 


CgHnCl 

Cl 

2 — ij-CHj 


BeU. 1-161 

Ii— 


BJ>. 140-150° dec. (1) 
49.5-51° at 16 mm. (2) 


= 0.8568 (2) ni>® = 1.4363 (4) 


r& - 1.4263 (4) 
1.4257 (3) 
1.4250 (2) 


C decomposes very easily on distn. (cf. <3)). 

[For prepn. of C from 2-methylheptanol-2 (n-amyl-dimethyl-carbinol) [Beil. 1-420, 
Ii-(209), l2-(452) (2) (3)1 with HCl gas (yield 81% (2), 73% (3)) or with AcCl (1) see indie. 


refs.] 

C on distn. over powdered KOH gives 2-methylheptene-2 (a,a-dimethyli8«^butyl- 
ethylene) [Beil. 1-222, Ii-(93)], b.p. 122-123® at 755 mm., D?? =* 0.816 (1). 

C with Mg in dry ether as directed <2) gives 59.9% yield RMgCl. 

G on conversion to RMgCl and subsequent treatment with CO 2 gives (in addition to 
much olefin) (22% yidd <2)) dimethyl-n-amyl-acetic acid, b.p. 118®, nf? •« 1.4335-1.4305 
(2) (amide, m.p. 102.5-103.5® (2)). 
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LIQUIDS WITH Di® < 1.16 


3:8100-3:8105 


3:81M <1> MuBct, BvU. acad. roy. Belg. 1906, 776-789; Cent. 1907, 1 1313; C.A, 1, 1696 (1907). 
(2) Whitmore, Badertscher, J. Am. Chem. Soc. 55, 1659-1667 (1933). (3) Whitmore, Willianui, 
J. Am. Chem. Soc. 55, 409 (1933). ( 4 ) Smart, Quayle, J. Am. Chem. Soc. 67, 21-23 (1945). 

3:8103 METHYL (f,lK»-CHLORO-n-BUTyRATE C6H9O2CI Beil. H- 377 

CHS.CH2.CH.COOCH3 Hi— 

k ^ 

B.P. 14S-146° at 766 mm. (1) = 1.0979 <1) nj? « 1.49596 {1> 

[For prepn. of C from a-chloro-n-butyronitrile with MeOH + HCl see (1).] For the 
amide corresp. to C see a-chloro-n-butyric acid (3:9130). 

3:8103 (1) Henry, BvU. acad. roy. Belg. (3) 36, 607-620 (1898) ; Cent. 1898, 1 273. 


3:8105 


2,4-DICHLORO-2-METHYLBUTANE C 6 H 10 CI 2 

(Isoprene Ws-hydrochloride) Cl Cl 

in,— CH,— (!^- ch» 


BeU. I - 136 

11- ( 47) 

12 — 


B.P. 145-146® (1) 

144-148® (5) 

143® (2) 

53-53® at 12 mm. <1) 
39® at 10 mm. <6) 


li. = 1.0654 <1) n|? = 1.44549 (6) 


[Earlier work on this compd. seems now to have been carried out on impure material 
and should be disregarded.] 

[For prepn. of C from 4-chloro-2-methylbutene-2 (isoprene monohydrochloride) (3:7465) 
with cone. HCl satd. with HCl gas see <1} <5); for prepn. of C from 2-methylbutadiene-l,3 
(isoprene) (1:8020) with cone. HCl see (2) (5); for formn. of C from 2'methylbutane 
(isopentane) (1:8500) (together with 2,3-dichloro-2-methylbutane (3:7975) and 1,4- 
dichloro-2-methylbutane (3:8360)) see (3); for formn. of C (together with l,4^ichloro-2- 
methylbutane (3:8360) and 3,4-dichloro-2-methylbutane (3:8075)) from 4-chloro-2- 
methylbutane (isoamyl chloride) (3:7365) -f CI2 in light see (4).] 

C on hydrolysis with boilg. 20% K2CO3 (3) or 20% aq. NaOH (5) gives 2-methylbutane- 
diol-2,4 [Beil. 1-483, Ii-(251)], b.p. 108® at 16-17 mm., Dig * 0.9852, ng * 1.4434 [N,N- 
bi8 (phenylcarbamate), m.p. 113.8-114.6®] <3) cf. (5). 

C on oxidn. with KMn04 yields (3) /3-hydroxyisovaleric acid [Beil. III-327, IIIi-(122)]. 

3:8106 (1) Aschan, Ber. 61, 1307 (1918). (2> OstromulBlenskii, J. Russ. Phys.-Chem. Soc. 47, 
1983-1988 (1915) ; Cent. 1916, II 307. C.A. 10, 1341 (1916). (3) Davydova, Papkina, Tishchenko, 

J. Gen. Chem. (U.S.S.R.) 7, 1992-1994 (1937); Cent. 1939, I 2397; C.A. 32, 482 (1938). (4) 
Perkin, J. Soc. Chem. Ind. 31, 616-624 (1912). (5) Soday (to United Gas Improvement Co.), 
U.S. 2,376,396. May 22, 1946; C.A. 39, 3548-3649 (1945). 
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3:8110 d,M.CHL0R0BUTEN.3.0L-2 
(Chloromethyl-vinyl-carbinol ) 

B.P. 

144r-147® <1) 

76^ at 60 mm. <2) 

64.0-64.8*^ at 30 mm. <3) 


C4H7OCI BeU. S.N. 26 
CH2=CH— CH-~CH2 

Ah Ai 

jDi° = 1.111 <3) = 1.4660 <3) 

1.4643 (2) 

Ci® = 1.1214 <1) n{>® = 1.468 <1) 


[See also 2-cWoro6tt/e?i-3-ol-l (3 : 9113).] 

(For prepn. of C from butadiene-1,3 with HOCl generated from Ca(OCl )2 + CO 2 (3) 
or from N-chlorourea acid in cold (1) (yields of C: 75% (1 ), 52% (3)) see indie, refs.] 

C with Br 2 in CHCI 3 adds 1 mole halogen giving (1) l-chloro-3,4-dibromobutanol-2, 
b.p. 129-130® at 10 mm.; Df = 2.042, = 2.0504; n?? = 1.561, = 1.564 (1); note 

that this prod, on oxidn. with Na 2 Cr 207 -h H 2 SO 4 at 35® gives (1) l-chloro-3,4-dibromo- 
butanone-2, b.p. 132-133° at 25 mm.; = 2.0521, D\^ = 2.0589; wf? = 1.554, no = 
1.559 <1). 

C with 50% aq. NaOH at 115-185° for 1 hr. (3) or with 60% KOH ( 1 ) loses HCl ring 
closing to (yields: 87% (2), 84% (3)) 3,4-epoxybutene-l, b.p. 65.0-65.8° at 739 mm., 
D 4 ® »= 0.875, nf? = 1.4170 (3) cf. ( 1 ). [For various reactions of tlus product see (1) (2) 

<3) (4).l 

(For study of rate of hydrolysis of C with aq. NaOII see (2).] 

l-Methozybuten-3-ol-2 (C methyl ether): b.p. 143-144° (1) (4), 69-71° at 49 mm 

(3); D 4 ® = 0.9470 (1) (4); = 1.4343 (1) <4), 1.4297 (3): corresp. 3,5-dmitrobenzoate, 

m.p. 70-71° (3). (From C (3) or from 3,4-epoxybutene-l (above) (1) (4) with MeOH/ 
NaOMe in 51-52% yields (3) (1).] 

l-£thoxybuten-3-ol-2 (C ethyl ether): b.p. 153-157°; Di^ — 0.9214; no = 1.4330 

<1) (4). (Presumably from C (although not actually reported) or from 3,4-epoxy- 
butene-1 (above) <1) (4) with EtOH/NaOEt.J 

l-Chlorobuten-3-yl-2 acetate: b.p. 163-166°; Dl^ = 1.1308; = 1.4610 (1). 

l-Chlorobuteii-3-yl-2 3,6-dinitrobenzoate: m.p. 61.5-63.5° u.c. (3). [Note that this 
prod, depresses m.p. of corresp. deriv. (m.p. 65.5° u.c.) from 2-chlorobuten-3-ol-l 
(3:9113).] 

3:8110 <1) Petrov. J. Gen. Chem. {U.S.S.R.) 8. 131-140 (1938); Cent. 1939, I 2596; C.A. 32, 
6369 (1938). (2) Kadesch, J. Am. Chem. Soc. 68, 46-48 (1946). (3) Kadesch, J. Am. Chem. 

Soc. jB8, 41-45 (1946). (4) Petrov, Acta Univ, Voronegiensis 8, No. 2, 71-79 (1935) ; Cent. 1936, 

II 2333-2334; C.A. 32, 4524 (1938). 


3; 8113 4-CHLORO-2,2,4-TRIMETHYLPENTANE CgHnCl 

(Di-isobutylene hydrochloride) Cl CH3 

CHs— A— CH,— A-CH j 

Ahj Ahj 


B.P. M.P. 

148-150° dec. (1) -26° {4> 

62.8° at 40 nun. (6) 

44° at 16 mm. (5) 

40° at 13 mm. (2) 


Beil. 1-164 

12 - 


Z)L* = 0.8766 (2) 
0.8891 (2) 


= 1.4286 (6) 
ng* = 1.4307 (5) 



nil 


LIQUIDS WITH Df < 1.16 


3:8113-3:8117 


Colorless mobile liq. with characteristic odor. 

[For prepn. from 2,4,4-trimethylpentfene-l (1 :8340) or 2,4,4-trimethylpcntene-2 (1:8345) 
(** diisobutylene **) with cone. HCl (satd. at -20°) in s.t. at 100° (1) <2), with HCl gas in 
cold (5) or at —10° to —25° in pres, of ZnCl2 {4) (almost quant, yield <6)) see indie, refs.] 
C on distillation loses HCl and regenerates “ diisobutylene " (4) (2). 

C with ale. KOH yields diisobutylene (see above). 

[For reactn. of C with phenol + ale. NaOCeHs yielding phenyl diisobutyl ether, b.p. 
250-260° see (3); note, however, that this prod, in s.t. at 250° for 2 hrs. rearr. to p- (di- 
isobutyl) phenol, m.p. 84° (3).] 

[For reaction of C with (CIl3)2Zn yielding 2,2,4, 4-tetramethylpentane (1:8645), b.p. 
122.3°, = 1.4051, see (4).] 

[For reactn. of C with silver cyanate, followed by alk. hydrolysis to yield 4-amino-2,2,4- 
trimethylpentane (acetyl deriv., m.p. 99°; reactn. prod, with phenyl isocyanate, m.p. 137°) 
see (5).] 

[C with 2-methyl butane (isopentane) (1:8500) -f- AICI3 shaken for 2 min. gives <6) 
2-chloro-2-methylbutane (fer-amyl chloride) (3:7220).] 

3:8113 (1) Butlerow, Ann. 189 , 51-52 (1877). (2) Kondakov. /. Russ. Phys.-Chem. Soc. 28 , 
790 (1899); J- prakt. Chem. (2) 64, 449-450 (1896). (3) Natelson, J. Am. Chem. Soc. 56 , 1585 

(1934). (4) Howard, J. Research Natl. Bur. Standards 24, G78--679, 681 (1940). (5) Whitmore, 

Wilson, Capinjola, Tongberg, Fleming, McGrew, Cosby, J. Am. Chem. Soc. 63 , 2041 (1941). 
(6) Bartlett, Condon, Schneiclei, J. Am. Chem. Soc. 66, 1537 (1944). 

3:8115 2-CHLORO-3-ETHYL-3-METHYLPENTENE-1 CgHigCl Beil. S.N. 11 

CH3 Cl 

CHa-CIIi— i (I;=CH2 

(!;H2— CHa 

B.P. 147° at 743 mm. (1) nff = 1.4460 <1) 

63° at 20 mm. (1) = 0.0147 (1) 

[For prepn. of C from 3-ethyl-3-methylpentanone-2 [Beil. I2-(760)1 <1) with PCls (65% 
yield) see (1).] 

C with NaNH2 in mineral oil at 160-165° gives 45% yield 3-ethyl-3-methyl-pentyne-l, 
b.p. 98-100° at 745 mm., = 0.7360, = 1 4102 (Ag salt, darkens 167°, melts 191.6°) 

( 1 ). 

3:8115 (1) Davis, Marvel, J. Am. Chem. Soc. 53 , 3844-3845 (1931). 

3:8117 a-CHLOROCROTONALDEHYDE C4H20C1 

(2-Chlorobuten-2-al-l ) CH 3 .CH=C— CHO 

ii 

B.P. 147-160° at 760 mm. (1) Ef = 1.1404 (4) 

147-149° (2) 

147° (3) Dj® = 1.1422 <4) 

146-148° (4) 

63-64° at 20 mm. (4) (5) Dj = 1.1690 (4) 

Colorless lachrymatory liq. gradually becoming colored in light. — Spar. sol. aq.; eaa. 
sol. ale., ether, CHCI3. — Volatile with steam. — Note that although two geometrical 
isomers are possible only this one (configuration uncertain) is known. 


Beil. I - 731 
l2-(789) 


nl? * 1.478 <4) 



3:8117-3:8120 


DIVISION B, SECTION 2 


1112 


[For prepn. of C from a,iS-dichloro^butyraldehyde (3:9102) by elimination of HCl 
through steam distillation of its soln. in aq. NaOAc (70-80% yield (5)) (4) (1) (2) see 
indie, refs.; for formn. of C (together with other prods.) from acetaldehyde (1:0100) with 
Cla <3), from a,a,/5-trichloro-n-butyraldehyde (“ butylchloral '^) (3:5910) with Zn -f aq. 
or Zn -b HCl (6), from chloroacetaldehyde (hemihydrate) (3:7212) with acetaldehyde + 
trace fumg. HCl (7), from a-chloro-^-hydroxy-n-butjnraldehyde (a-chloroacetaldol) (itself 
obtd. from crotonaldehyde (1 : 0150) by addn. of HOCl (8)) by steam distillation <8) see 
indie, refs.] 

C with Cla (3) (7) (2) in CCI4 soln. <4) adds 1 mole halogen yielding a,a,i9-trichloro-n« 
butyraldehyde (“ butyrchloral ”) (3:5910). — C with Bra (1 mole) below 0® rapidly adds 

I mole halogen yielding (5) a-chloro-c{,/S-dibromo-n-butyraldehyde (not distillable without 
decompn. even in vac.); this prod., however, slowly combines with aq. yielding corresp. 
monohydrate, cryst., m.p. 45-50® (5), or on oxidn. with excess fumg. HNO3 at 100® for 
several hrs. gives ae-chloro-a,/5-dibromo-re-butyric acid, colorless pr. from cone. HNO3, 
m.p. 91-92® <5). 

[C on reduction with Al(OEt)3 under Ha <9) or with Zr isopropylate in isopropyl ale. (10) 
3delds /9-chlorocrotonyl ale. (2-chlorobuten-2-ol-l) (3:8240), b.p. 159®.] 

[C with ethylene glycol (1 : 6465) + a little 20% H3PO4 gives (22% yield (1 )) the corresp. 
cyclic acetal C oe-chlorocrotylidene-ethylene glycol b.p. 76-80° at 14 mm. (1); for formn. 
of analogous cyclic acetals from C with other glycols see (11).] 

[C with liq. HCN as directed gives (88% yield (4)) the corresp. cyanohydrin, 3-cliloro-2- 
hy^oxypenten-3-nitrUe, b.p. 137-138® at 26 mm., Z)t^ = 1.964, n|} = 1.4762 (4).] 

C with naphthoquinone-1,4 (1 : 9040) in CeHe treated with trace of piperidine undergoes 
condensation of Diels- Alder type yielding (12) 2-chloroanthraquinonc (3:4922). 

[For conversion of C with EtOH to corresponding a-chlorocrotonaldehyde diethylacetal 
(14), b.p. 181-184®, see (14).] 

[C with sodium salt of anthrahydroquinone 6t5-sulfuric acid ester in AcaO/AcOH -f 
piperidine at 100® for hr. yields (13) the corresp. benzanthrone, presumably Bz-2-chloro- 
Bz-l-methylbenzanthrone (12-chloro-13-methylbenzanthrone) (for ring numbering see 
Beil. VIIr(288)).] 

3:8117 (1) Hibbert, Houghton, Taylor, J. Am. Chem. Soc. 51 , 613 (1929). (2) Chem. Fabrik 

vorm. Weiler-ter-Meer, Ger. 351,137, April 3, 1922; Cent. 19 ^, IV 155. (3) Pinner, Ber. 8, 

1321-1322 (1875); Ann. 179 , 29-32 (1875). (4) Moureu, Murat, Tampier, Bull. soc. chim. (4) 

29 , 32-34 (1921). (5) Chattaway, Irving, Outhwaite, J. Chem. Soc. 1933 , 993-995. (6) Sarnow, 
Ann. 164 , 108 (1872). (7) Lieben, Zeisel, Momitsh. 4 , 532-536 (1883). (8) Leopold, van ZUtphen 

(to I.G.), Ger. 559,329, Feb. 20, 1933; Cent. 1933 , 1 2608. (9) Bayer and Co., U.S. 1,572,742, 
Feb. 9, 1926; Cent. 1926 , I 3627: Brit. 235,584, June 27, 1926; Cent. 1926 , II 1097; I.G., Ger. 
437,160, Nov. 18, 1926; Cent. 1927 , I 802. (10) I.G., Brit. 370,490, May 5, 1932; Cent. 1982 , 

II 3304. 

(11) BilUg (to I.G.), TJ.S. 2,131,998, Oct. 4, 1938; Cent. 1939 , 1 3454; C.A. 38 , 271 (1939); Ger. 
667,793, Nov. 19, 1938; Ger. 669.805, Jan. 1, 1939; Cent. 1939 , 1 2294. (12) Nicodomus, VoU- 

mann, Schloffer (to I.G.), Ger. 715,201, Dec. 16, 1941; Cent. 1942 , I 1811. (13) Hrubesch, 

Schlichting (to I.G.), Ger. 720,467, May 7, 1942; Cent. 1942 , II 2087. (14) The DistUlers Co. 

Ltd., Staudinger, Tuerck, Lichtenstein, Brit. 554,570, July 9, 1943; C.A. 39 , 312 (1945). 


3:8120 2,4-DICHLOROPENTANE Cl Cl CsHioCla 

CHr-^>-CHr-i— CHs 


BeU. I — 

11- (43) 

12- 


B.P. WT-iaO® (1) 

69-62.5* at la mm. (2) 


/>L* = 1.063 <1) n}? - 1.447 <1) 
DJ* - 1.0520(2) ni? - 1.4405 (2) 
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UQinDS WITH < 1.16 


3:8190-3:8135 

\ 


[For prepn. of C from penten-l-ol-4 (aUyl-methyl-carbinol) [Beil. X-443] with PC1|, 
followed by aq., see (1) (some 4-ehloropentene-l (3:7360) is also formed (1)); for formn. 
of C (together with other pro(k.) from pentane (1:8505) + CI2 see <3).I 
[For study of hydrolysis of C with N/10 ale. KOH see <2).] 


3:8120 (1) Pariselle, Compt. rend. 154, 712 (1912). (2) Tishchenko, J, Oen. Chem. (U.8.S.R.) 
0, 1380-1388 (1939) ; C.A. 34, 1611 (1940). <3) Lemke, Tishchenko, J. Gen, Chem, 7, 1995-1998 
(1937); Cent. 1039, 1 2397; C.A. 32, 482 (1938). 


3:8125 ETHYL £f,f-a-CHLOROPROPIONATE C5H9O2CI 

CHa— CH~C=^ 

(k icjH, 


Beil, n - 249 
Hi-dii) 
Il2-(226) 


B.P. 147-148.5° cor. (1) 

146-147° at 760 mm. (2) 
146° (3) 

145-147° (4) 

144-145° (6) 

144.0- 146.0° at 760 mm. (6) 

38.0- 38.5° at 9 mm. <6) 


= 1.0869 (2) = 1.41850 (2) 

1.0793 (7) 1.4178 (7) 

niJ* = 1.4173 (6) 


[For prepn. of C from a-chloropropionic acid (3:6125) + EtOH + HCl see (8); from 
a-chloropropionyl chloride (3:5320) + EtOH see (2) (3) (4) (9) (10) (11); from ethyl 
djWactate (1 : 3303) + SOCI2 + pyridine (95% yield) see (5); from ethyl a-aminopropionate 
hydrochloride + NaNOa + HCl see (12).] 

[C with ale. NaOEt yields (13) ethyl ethox3rpropionate [Beil. III-280, IIIi-(109), III2- 
(206)1, b.p. 155®, but C with dry NaOEt yields (14) (15) both ds and trans forms of diethyl 
cyclobutane-1, 3-dicarboxylate [Beil. IX-726I.1 

[For reactn. of C with excess CeHsMgBr in ether yielding 1,1,2-triphenylpropene-l 
[Beil. V-723, Vi-(356)], m.p. 89-90®, see (16); for study of cat. hydrogenation of C see (8); 
for NaOEt condensation of C with citral (1:0230) or with citronellal (1 : 0220) see (17) (18); 
for NaOEt condensation with cyclohexanone see (10).] 

C on hydrolysis yields EtOH (1:6130) + d,i-o£-chloropropionic acid (3:6125). [For 
study of kinetics of hydrolysis see (20) (21) (22).] 

For the amide, anilide, p-toluidide, and other derivatives corresp. to C see d,2-a-chloro- 
propionic acid (3:6125). 


® Ethyl a-(tetrachlorophthalimido)propionate: rods from dioxane, poured into 2 vols. 
MeOH and aq. added, m.p. 159-160® (23). [From C + K tetrachlorophthalimide 
as directed (23).] 

3:8125 (1) Perkin. J. Chem. Soc. 65, 428 (1894). (2) Briihl, Ann. 203, 24-25 (1880). (3) Beckurts, 
Otto, Ber, 9, 1592 (1876). (4) Simpson, J. Am. Chem. Soc. 40, 674 (1918). (5) Darzens, Compt. 
rend. 152, 1601 (1911). (6) Burkard, Kahovec, Monalsh. 71, 340 (1938). (7) Schjanberg, Z. 
phyeik. Chem. A-172, 230 (1935). (8) Paal, MOller-Lobeck, Ber. 64, 2144-2147 (1931). (9) 
Wurta, Ann. 107, 195 (1858). (10) Ulrich, Ann 109, 268 (1859). 

(11) Briihl, Ber. 9, 35 (1876). (12) Barker, Skinner, J. Am. Chem. Soc. 46, 412-413 (1924). 
(13) Wurtz, Ann. chim. (3) 59, 169-170 (1860). (14) Haworth, Perkin, J. Chem. Soc. 73, 33^ 
339 (1898). (15) Markownikow, Krestownikow, Ann. 208, 334-349 (1881). (16) Levy, Compt. 
rend. 172, 385 (1921); BuU. eoc. chim. (4) 29, 894 (1921). (17) Barbier, Helv. Chim. Acta 17, 
1026-1030 (1934). (18) Qivaudan et Cie, Ger. 596,255, May 11, 1934; Cervt. 1934, II 1214. (19) 
Yarnall, Wallis, J. Otq. Chem. 4, 277-278 (1939). (20) Anantakrishman, Krishnamurti, Proc. 
Indian Acad. Sci. 14.A, 270-278 (1941); C.A. 36, 1837 (1942). 
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(21) DruBhel, Am. J. Set. (4) 34, 6&-74 (1912); Cent. 1912, II 704; C.A. 6, 2693 (1912). (22) 
Bolin, Z. anorg. aUgem. Chem. 177, 246-248 (1929). 

3:8132 4,4-DICHLORO-2,2-DIMETHYLBUTANE C 6 H 12 CI 2 Beil. S.N. 10 

(l,l-Dichloro-3,3-(Umethylbutane) CH3 Cl 

CH3 — d? CH2 — CH 

Ahj da 

B.P. M.P. 

148® (1) -66.5°/-56.0° (1) = 1.026* (1) = 1.4389 (1) 

[For prepn. of C from vinyl chloride (3:7010) with 2-methylbutane (isobutane) + AICI3 
at —10® (40% yield) or with <er-butyl chloride (3:7045) see (1).] 

C with aq. in s.t. at 300° hydrolyzes to ter-butylacetaldehyde, b.p. 102-103° (corresp. 
methone, m.p. 162-163°; corresp. 2,4-dinitrophenylhydrazone, m.p. 146-147°) (1). 

3:8132 (1) Schmerling, J. Am. Chem. Soc. 67, 1438-1441 (1945). 


3: 8140 d,M,2.DICHLOROPENTANE Cl Cl CsHioCU 

CH3.CHs.cH!— dj-bn. 


B.P. 148.4-148.8° <1) = 1.0773 ( 2 ) = 1.4453 ( 2 ) 

146.0-146.2° (2) 1.0667 (2> 1.4448 (2) 

145.8-146.2° at 739 mm. <2) 

58-50° at 28 mm. (3) = 1-0872 (1) n?? = 1.4485 (1) 

Colorless oil, insol. aq., volatile with steam. 

[For prepn. of C (70% yield (2)) from l-chloropentanol-2 (3:8225) with SOCI2 4- 
diethylaniline or from pentene-1 (1 : 8205) in CCI4 at 0°H-Cl2 (60% yield (2)) (1 ) see (1) (2).] 
[For formn. of C (together with other prods.) from pentane (1:8505) (3) or from 1- 
chloropentane (3:7460) (4) with CI2 see indie, refs.] 

C with ale. KOH gives (3) 1-chloropentene-l (3:7420), but C with K 2 CO 3 does not (3) 
3rield the corresp. glycol. 

3:8149 ( 1 ) Tishchenko, Shchigel’skaya, J. Gen. Chem. (U.S.S.R.) 7, 1246-1248 (1937); Cent. 
1938, II 2676, C.A. 31, 6189 (1937). (2) Koelsch, McElvain, J. Am. Chem. Soc. 61, 3393-3394 
(1929). (3) Lemke, Tishchenko, J. Gen. Chem. (U.S.S.R.) 7, 1995-1998 (1937) ; Cent. 1939, 1 2398; 
C.A. 32, 482 (1938). (4) Hass, Huffman, J. Am. Chem. Soc. 63, 1233-1235 (1941). 


Beil. I — 

l2-(96) 


3:8144 cf,f-a-CHLORO-ISOVALERYL CHLORIDE CsHgOCh 
(a-Chloro-/3-methyl-n-butyryl CH3 — CH CH — 0=0 

U hi da 


B.P. 148-149® (1) 


Ms Cl 
= 1.135 (1) 


Beil, n -316 

. Hi- 
Hj- 


[For prepn. of C from a-chloro-isovaleric acid (3:0060) with PCI3 see (1).] 
C on hydrolysis with aq. yields a-chloro-isovaleric acid (3:0050). 

3:8144 (1) Servais, Bee. trav. chim, 20» 53 (1901). 
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3:814»-3:8160 


3:8145 a/t^-TRIMETHYL-n-BUTYRYLCHLOSIDE CTHuOa 
(Dimethyl-isopropyl-acetyl chloride) CHs 


BeU. S.N. 162 


B.P. 148-160® <1) 


CHa— CH- 

ins ins da 


[For prepn. of C from dimethyl-isopropyl-acetic acid [Beil. 11-346, IIi-(147)I see <1).] 

C on hydrolysis yields dimethyl-isopropyl-acetic acid (see above), camphoraceous cryst. 
from pet. ether, m.p. 50° (2) (3), 41-42° (1). 


® Dimethyl-isopropyl-acet-amide: m.p. 133-134° (2), 129° (1). 

3:8145 (1) Locquin, Leers, Compt. rend. 179, 55 (1924). (2) Haller, Bauer, Compt. rend. 149, 

6 (1909). (3) Richard, Ann. chim. (8) 21, 353 (1910). 


3:8147 ETHYL a-CHLORO-ISOBUTYRATE Cl CeHnOaCl Beil. 0-205 

CHa— d;— COOC2HS n ~ 

B.P. 148.5-149° cor. (1) D® = 1.063 <1> n{? = 1.4109 <5> 

148-149° (2) 

147-148.5° at 760 mm. (S) 

[For prepn. of C from a-chloro-isobutyric acid (3:0235) with EtOH + HCl see <3); 
from o-chloro-isobutyryl chloride (3:5385) with EtOH see (2).] 

[C on htf;. with 1-5% FeC.la at 100° or above loses HCl yielding (4) ethyl methacrylate, 
b.p. 118-119° <4).J 

3:8147 (l) Balbiano, Ber. 11, 1693 (1878). (2) Henry, Rec. trav. chim. 26, 84-85 (1907); Compt. 
rend. 142, 1023 (1900), Bull. acad. roy Belg. 1906, 200-226; Cent. 1906, II 227. (3) Balbiano, 

Gazz. chim. %tal. 8, 372 (1878). (4) Barrett (to du Pont), U.S. 2,013,648, Sept. 10, 1935; Cent. 

1936, I 3217; C.A. 29. 6902 (1935) <5) Kahovec, Kohlrausch, Monatsh. 74, 116 (1943). 


3: 8150 /8-CHLOROISOPROPYL ACETATE CH 2 CI CfiHgOaCl BeU. U -130 

(2-Acetoxy-l-chloropropane) I III— 

HO — D . L/Vy dd-s 

dlHs 

B.P. 149-150° (1) (2) D?? = 1.0788 <3) = 1.4333 (3) 

147-149° at 746 mm. (3) 

[For prepn. (72% yield (3)) from propylene ter-butyl hypochlorite (3:7165) + AcOH 
see <3); for prepn. from l-chloropropanol-2 (3:7747) + AcCl see (2); for formn. from 
1,2-diacetoxypropane + HCl gas see (4).] 

1 ml. aq. dis. 8 ml. C. — With N/W HCl at 35° or 45° C hydrolyzes much more slowly 
than isopropyl acetate (1 : 3041), but no chloride ion is liberated at 35° (1). 

(P l-Phthalimido-2-acetozypropane [Beil. XXIi-(369)]: from C on htg. 2 hrs. with 
K phthalimide; m.p. 99-100° (5). 

3:8150 (1) Henry, Cent. 1902, II 1093. <2) Bancroft, /. Am. Chem. Soc. 41, 427 (1919). (3) 
Irwin, Hennion, J. Am. Chem. Soc. 63, 859 (1941). (4) Dewael, BuU. soc. chim. Belg. 89, 400 

(1930). <5) Gabriel, Ohle, Ber. 50, 808 (1917). 
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3:8159 T£TRAHn>RO-a-FURFXTRYL CHLORIDE C5H9OCI 
(2- (Chloromethyl ) tetrahydrofuran ) CH2 — CH2 

<!!H2 CHja 

V 


B«il. S.N. 2362 


aP. 156-161° at 762 mm. (1) ^ 1.1102 (2) = 1.4560 (2) 

140.0-148.5° at 721 mm. (2) 

47-48° at 16 mm. (3) nif = 1.46022 (1) 

41-49^ at 11 mm. <3) 

38.5-39^ at 10 mm. (2) 

Water-white liq. with mild and pleasant odor. — C has no lachrymatory properties and 
is relatively stable (2); its chlorine atom is extremely unreactive (2). 

{For prepn. of C from tetrahydro^-furfuryl alcohol (1:6445) with SOCI2 + pyridine 
(yields: 75% (2), 73-75% <3)) see indie, refs.; note that attempts to replace SOCI2 by 
PCI3 (excess) in dry ether <2) were not successful; for formn. of C from 5-chloropentanediol- 
1,4 (1) by dehydrative ring closure with 15% H2SO4 at 100° for 2 hrs. (19% yield) see {!).] 

C with metallic Na in dry ether under reflux, subsequently decomposed by water, gives 
(yields: 82% (4), 76-83% (3)) penten-4-ol-l (penten-l-ol-5) [Beil. 1-443, l2-(483)], b.p. 
141.0-141.5° at 758 mm. (5), 139° at 760 mm. (6), 138.8-139.3° at 760 mm. (7); Df = 
0.8588 (7), = 0.8457 (5); nf? = 1.43085 (5), ® = 1.4312 (8), n}? = 1.4305 <9) 

(corresp. allophanate, m.p. 148° (6), 147-148° (9); corresp. N-phenylcarbamate, oil, b.p. 
183.5° at 16 mm. (8)). 

C with thiourea refluxed in ale. 4 days gives (10) 5-(tetrahydro-a-furfuryl)isothiourea, 
isolated as corresp. picrate, m.p. 153.0-153.5° (10). 


3:8152 (1) Paul, Ann, chim. (10) 18 , 385-386 (1932). (2) Kirner, J, Am, Chem, 80 c, 52 , 3251- 
3255 (1930). (3) Brooks, Snyder, Org, Syntheses 25 , 84-86 (1945). (4) Gaubort, Linstead, 

Rydon, J, Chem, Soc, 1937 . 1972. (5) Juvala, Ber, 63 , 1993 (1930). (6) Paul, Compt. rend. 195 , 

1290-1291 (1932). (7) Ginnings, Herring, Coltrane, J, Am, Chem, Soc, 61 , 807 (1939). (8) 
Robinson, Smith, J, C?iem, Soc, 1936 , 196. (9) Paul, Compt, rend, 192 , 1574 (1931). (10) 

Sprague, Johnson, J, Am, Chem, Soc, 59 , 2440-2M1 (1937). 


3: 8153 5-CHLORO-2,3-DIM£THYLP£NTAN£ C7H15CI 

(l-Cliloro-3,4-dimethylpentane) CH3 CH3 

CHr-^H — in— CH,— a 


BeU. S.I7. 10 


BJ>. 156-151° at 746 mm. <1) 
52-63° at 20 mm. <1) 


= 0.8826 (1) ng* = 1.4290 <1) 


[For prepn. of C from allyl chloride (3:7035) with 2-methylpropane (isobutane) + 
.^Cls at —10° (35-40% yield accompanied by 13-15% yield 4,5-dichloro-2,2-dimethyl- 
pentane (3:8516) see (1).] 

C on hydrolysis with aq. MgO in s.t. at 225° for 4 hrs. gives (54% yield (1)) 3,4-dimethyl- 
pentanol-1, b.p. 168-169°, nf? « 1.4288 (corresp. 3,5-dinitrobenzoate, m.p. 51-52°; corresp. 
JSr-(a-naphthylcarbamate), m.p. 41-42°) (1). 

C with Mg in dry ether gives corresp. RMgCl cpd.; this prod, on hydrolysis with aq. 
(NH4)2SQ4 gives (54% yield (1)) 2,3-<iimethylpentane (1:8554) or on oxidn. with air 
gives (62% yield (1)) 3,4-dimethylpentanol-l (see preceding paragraph); see also below. 
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LIQUIDS WITH Z)f < 1.16 


3:8153r<3:8165 


(0 Y><-l>imethylcaproanilide: nacreous flakes from dil. ale., m.p. SO-Sl"* <1). [From 
C by conversion to EMgCl and reaction with phenyl isocyanate (1) according to 
method of [2) cf. [3).] 

8:8163 (1) Schmerling, J. Am. Chem. Soc. 67, 1438-1441 (1945). <2) Schwartz, Johnson, J. Am, 
Chem. Soc. 63, 1063-1068 (1931). (3) Underwood, Gale, J. Am. Chem. Soc. 66, 2117-2120 (1934;. 

3: 8155 d,/-l.CHLORO-3-METHYLHEXANE CyHisCl 

CHa Cl 

CH3.CH2.CH2— (il— CH2.iH2 


B.P. 150-152® at 768 mm. (1) = 0.8766 (1) n|? = 1.4274 <1) 

[For prepn. of C from 3-methylhexanol-l [Beil. l2-(445)] with ale. HCl in s.t. at 100® 
see (1).] [The de3ctrorotatory form of C has also been prepd. (2) from levorotatory 3- 
methylhexanol-1 with SOCI 2 ; b.p. 66® at 25 mm.; Dj® = 0.854; n?? = 1.4282 <2).] 

3:8166 {!) Dewael, Weekering, BvU. aoc. chim. Belg. 33, 498 (1924). (2) Levene, Marker, J, 
Biol. Chem. 91, 90 (1931). 


3: 8160 ISOPROPYL CHLOROACETATE 

C 6 H 9 O 2 CI 

Beil, n - 198 


(CH3)2CH.O.CO.CH2Cl 

Hi- 

n2-(i92) 

B.P. 160.4-161.6° (1) 


1 ^® = 1.0812 (3) 

n!? - 1.4176 (3) 

149.6° at 760 mm. <2> 
149.6° at 747 mm. (3) 
149-160° at 760 mm. (4) 


.. 1.0888 < 5 ) 
1 > 4 ® 1.0944 ( 4 ) 

.. 1.4192 <5) 


Oil with agreeable odor; insol. aq., sol. ale., ether. 

[For prepn. (38.8% yield (3)) from isopropyl ale. (1:6135) -f chloroacetic ac. (3:1370) 
see <3> (4); for prepn. (34.2% yield (3)) from propylene + chloroacetic ac. (3:1370) 
see (3).] 

[For study of insecticidal action of vapor of C sec (2).] 

3:8166 ( 1 ) Cheng, Z. physik. Chem. B-24, 309 (1934). (2) Roark, Cotton, Ind. Eng. Chem, 26, 
512-514 (1928). (3) Dorris, Sowa, Nieuwland, J. Am. Chem. Soc. 66, 2689-2690 (1934). (4) 
Steinlen, BvU. acad. roy. Belg. (3) 34, 101-108 (1897); Cent. 1897, II 659. (5) Schjanberg, Z. 

physik. Chem. A-172, 228 (1935). 


3: 8165 ISOPROPYL d,Z-a-CHLOROPROPIONATE C 6 H 11 O 2 CI BeU. S.N. 162 

H 

(CHa)sCH.O.CO.<!:.CH, 


B.P. 151.5-16S.5’’ at 760 am. (1) « 1.0315 (2) - 1.4149 (2) 

46.1-46.9° at 12 mm. (1) 

3:81(5 (1) Burkard, Kahovec, MonaUh. 71, 340 (1938). (2) Schjanberg, Z. jAysik. Chem. A.173, 
230 (1936). 


BeiLl — 
h— 

I,-(119) 
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3:8168 fi-CAPROYL CHLORIDE 

CeHnOa 


Beil, n - 324 

(n-Hexanoyl chloride) CH 3 .CH,.CH 2 .CH 2 .CH,— C=0 


Hi- 



h 


U2-(286) 

B,P. 

F.P. 




152.6® at 760 mm. 

<1) -87.3° 

(1) = 0.97042 <1) 

Hd 

- 1.42424 {1) 

150.5-161.6° 

(2) 

= 0.97645 {!) 



161-163® 

(3) 

_20 

Hd 

= 1.42642 {1) 

160-153® 

<4) (7) 




160-164® 

<6) 

Dl® = 0.98047 {1) 


» 1.42859 {1) 

160-155® 

<6) 




154-156® at 737.8 mm. 

<8) 





150-153® at 724.7 mm. (9) 

46.5® at 10 mm. (10) 

[For prepn. of C from n-caproic acid (1:1130) with PCb (62% yield (6)), with PCI3 
(84% yield <1)) (4) or with PCI3 + ZnCla (89% yield (6)), with SOCI2 (yield: 95% (9), 
77% (6)) (5) {11), with benzoyl chloride (80% yield (7)), or with oxalyl dichloride (3:5060) 
{12) see indie, refs.; for formn. of C from ozonidc of heptync-1 (1:8085) with SOCI2 see 

{13).] 

(C htd. with sodium n-caproate gives (72% yield {!)) n-caproic anhydride (1:1150), 
b.p^ 142.9® at 14.5 mm., f.p. -40.6®, Z>f = 0.91983, ng = 1.42971 {!).] 

[C with 2 moles Br2 jrields {5) oe-bromo-n-caproyl chloride, b.p. 106-107® at 31 mm. {5), 
102-105® at 30 mm. {14).] 

[For reactn. of C with various acylureas see {15); with vanillylamine see {10) {16); with 
cyclohexene (1:8070) + AICI3 yielding n-amyl o-chlorocyclohexyl ketone see {17).] 

[0 with AICI3 + phenol yields {18) 56% o-(n-hexanoyl) phenol, b.p. 145-147® at 15 mm. 
{19), 142-143® at 10 mm. {18), m.p. 22° {19), 17.2-17.4° {18), = 1.0260 {18), n??® - 

I. 5254 {18) (phenylhydrazone, m.p. 102-103® {19), semicarbazone, m.p. 179° {18)) and 
34% p-(n-hexanoyl)phenol, m.p. 63-64° {19), 61® (18), b.p. 207-208° at 10 mm. (18) 
(benzoate, m.p. 105.5° {18)). — For reactn. of C with resorcinol (1:1530) leading to 4- 
(n-hexanoyl)-l ,3-resorcinol (n-amyl 2,4-dihydro:^phenyl ketone) (1:1443) see {20) {21).] 

C on hydrolysis yields n-caproic acid (n-hexanoic acid) (1:1130). — For the amide, 
anilide, p-toluidide, and other derivs. corresp. to C see n-caproic acid (1 : 1130). 

3:8168 { 1 ) Simon, BvU. soc. chim. Belg. 38, 51, 56, 59 (1929). {2) Kohlrausch, Pongratz, Z. 

Vhyaik. Chem. B-22, 382 (1933). {3) Norstedt, Wahlforss, Ber. 26, Referate, 637 (1892). {4) 

Reitter, Z. physik. Chem. 36, 138 (1901). {5) Bardan, BiUl. soc. chim. (5) 1, 142 (1934). {6) 

Clark, Bell, Trans. Roy. Soc. Can. (3) 27, III 97-103 (1933). {7) Brown, J. Am. Chem. Soc. 

60, 1325-1328 (1938). {8) Ponzio, de Gaspari, J. prakt. Chem. (2) 68, 397 Note (1898). {9) 

Fierz-David, Ktister, Helv. Chim. Acta 22, 89 (1939). {10) Ford-Moore, Phillips, Rec. trav. 

chim. 63, 855 (1934). 

{ 11 ) Meyer, Monatsh. 22, 418 (1901). {12) Averill, Roche, King, J. Am. Chem. Soc. 61, 868 

(1929). (13) Paillard, Wieland, Hdv. Chim. Acta 21, 1359-1360 (1938). {14) Marvel, Noyes, 

J. Am. Chem. Soc. 42, 2273 (1920). {15) Stoughton, /. Org. Chem. 2, 514-521 (1938). {16) 

Nelson, J. Am. Chem. Soc. 41, 2123-2124 (1919). (17) Nenitzescu, Cioranescu, Ber. 69, 1823 

(1936). {18) Sandulesco, Girard, Bull. soc. chim. (4)| 47, 1305-1310 (1930). {19) Coulthard, 

Marshall, Pyman, J. Chem. Soc. 1930, 286-291. {20) Pope, Brit. 287,967, April 26, 1928; Cent. 

1929, 1 439; C.A. 28, 396 (1929). 

{21} Cox, Bee. trav. chim. 60, 848-850 (1931). 
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LIQUIDS WITH Df < 1.16 


3:8170-3:8176 


3:8170 l,S-DICHLORO-2-METHyLBUTENE-2 CH, C 6 H»a 2 Bell. S.». 11 

CHa— C==(! v-CH 2 

ii (la 

B.P. 161-163* {1) Di® = 1.1276 <1) = 1.4737 (1) 

Two geom. stereoisomers of C are possible, but only this one has been reported. 

[For formn. of C from l,2,3-trichloro-2-methylbutane (3:6100) by loss of 1 HCl through 
distn. over KOH see {2); from 3,3-dichloro-2-methylbutene-l (3:7690) by htg. (allylic 
transposition) see (1).] 

C on oxidn. with KMn04 in acetone gives (2) acetic acid (1: 1010) and methylglyoxal 
[Beil. 1-762, Ii-(395), l2“(819)]. 

3:8170 <1) Tishchenko, J. Gen. Chem. XU.S.S.R.) 8, 1232-1246 (1938); Cent. 1939, II 4223; C.A, 
33, 4190 (1939). (2) Tishchenko, J. Gen. Chem. (U.S.S.R.) 9, 1116-1132 (1936); Cent. 1987, 

I 573; C.A. 31, 1003 (1937). 

3 : 81 75 1.CHLORO-2-METHYLBUTANOL-2 CsHnOCl 

(unsy/n.-Fithyl-methyl-ethylene CH3 

chlorohydrin; chloromethyl-ethyl- 
methyl-carbinol) CH3.CH2 C CH2 

6h C\ 

B.P. 162-163° (1> tfi. = 1.068 (1) 

146-149° (2) 

[For prepn. of C from chloroacetone (3:5423) with EtMgBr sec (1) (2) (3) (4) (5); note 
that in this reactn. C is accompanied by 3-mcthylhexanol-4 [Beil. 1-416], whose b.p. (160®) 
is so close to that of C that separation by distillation is impossible.] 

C on distillation (5) or on treatment with AC2O + cone. H2SO4 (5) yields l-chloro-2- 
methylbutene-1 (3:7303) and l-chloro-2-methylbutenc-2 (3:7485); C on distn. over 
anhydrous oxalic acid (1 ;0535) yields <6) both these halo-olefins and also 2-(chloromethyl)- 
butene-1 (3:9214). [C on distn. over anhydrous oxalic acid (1:0635) and passing the 
resultant vapors over soda-lime or burnt lime at 600° yields (7) 2-methylbutadiene-l,3 
(isoprene) (1:8020).] 

C with PCI® yields (5) l-<jhloro-2-methylbutene-l (3 : 7303). 

C with cone. aq. NaOH at 40-50° gives (63% yield (9) <1) (4) (10) 1 ,2-epoxy-2-methyl- 
butane (wnsym.-ethyl-methyl-ethylene oxide) [Beil. XVII-13, XVIIi-(8)], b.p. 82°. 

3:8175 ( 1 ) Fourneau, Tiffeneau, Compt. rend. 145, 437-438 (1907), (2) Tiffeneau, Compt. rend. 

134,774 (1902). {3) Bruyl&nts^ BuU.acad.roy. Belff. (5) 17,1008-1026 (1931). (4) Kyriakides, 

J. Am. Chem. Soc. 36, 657-663 (1914). (5) Scyer, Chalmers, Trans. Roy. Soc. Can. (3) 29, III 

337 (1926); Cent. 1927, II 1811; C.A. 21, 2663 (1927). (6) Chalmers, Trans. Roy. Soc. Can. (3) 

22, III 75-76 (1928); Cent. 1929, 1 632; C.A. 23, 2694 (1929). (7) Harries, Ann. 383, 178 (1911). 
(8) Harries, Ger. 243,075 + 243,076, Jan. 31, 1912; Cent. 1912, I 535. (9> Fourneau, Benoit, 

Firmenick, BuU. soc. chim. (4) 47, 870 (1930). (10) Riedel, Ger. 199,148, June 3, 1908; Cent. 
1998, II 121. 


Beil. I - 389 

11- (196) 

12- (424) 
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3:8180 /S-CHLORO-n-PROFYI. ACETATE H CtHtOta 
(l-Acetoxy-2H:hloropropane) cHr-<!>-CH..O.CO.CH, 

<!n 


BeU. n • 129 
ni-( 58) 
Jlr- 


B.P. 152-153° at 760 nun. <1) 
151-152° at 768 nun. (2) 


= 1.095 (2) = 1.42213 (2) 

° 1.098 (3) 


Colorless oil with agreeable odor. — Insol aq. 

[Note that C has never been obtd. in authentically pure state. The prepn. of Henry 
(1) was later shown (4) to be actually a mixt. of C with 2-acetoxy-l-chloropropane (3:8150) ; 
that of Dewael (2) was admittedly such a mixture.] 

Henryks material was obtd. from l-chloropropanol-2 by treatment with KOAc and 
conversion of the presumably resultant l-acetoxypropanol-2 with SOCI2 to C; Dewael's 
material was obtd. from 1,2-diacetoxypropane by treatment with HCl gas. 

3:8180 (1) Henry, Cent 1902, II 929, 1093. (2) Dewael, Bvll. soc. chim. Belg. 39, 400 (1930). 
(3) Henry, Cent. 1903, II 486. (4) Gabriel. Ohle, Ber. 50, 806 (1917). 


3:8186 4-CHLORO-OCTENE-2 Cl CgHisCl Beil. S.N. 11 

CH,.CHs.CH2.CH2-iH.CH=CH.CH3 

B.P. 153° (1) = 0.8924 (2) = 1.4590 (1) 

69-70° at 9 nun. (2) 0.8816 (1) ng* = 1.4452 <2) 

Note that two geom. stereoisomers of C are possible; also the possibility that by allylic 
transposition C may react in the form of its as yet unrecognized synionic isomer, 2-chloro- 
octene-3. 

[For prepn. of C from octen-2-ol-4 [Beil. 12-489] (1) (2) with PClg in ether at 0® (43% 
yield (2)), with HCl <3), or with CI2 <1) see indie, refs.] 

[C with phenol 4* K2CO8 in acetone yields phenyl a-(n-butyl)crotyl ether, b.p. 107-108® 
at 4 mm., D\l » 0.9208, ni> = 1.4955 (2); C similarly with o-cresol yields a-(n-butyl)crotyl 
o-tolyl ether, b.p. 118-119® at 4 mm., DH * 0.9143, ni) = 1.4950 (2).] 

3:8185 (1) Karasev, Khabarova. /. Om. Chem. (U.S.S.R,) 10, 1641-1646 (1940); C.A. 35, 3225 
(1941) (English translation in Foreign Petroleum Tech. 0, 42-51 (1941)). (2) Hurd, Puterbaugh, 

J. Org. Chem. 2, 381-386 (1937). <3) Knorr, (to I.G.) Ger. 553,279, June 24, 1932; Cent. 1033, 
II 2370. 


3: 8206 d,/.4-CHLORO-6-METHYLHEPTENE-l CgHisCl 

(4-Chloro-2-methyIheptene-6; Cl CH3 

aUyl-taobutyl-oarbinyl chloride) cH,=CH.CHr-i-CH^H- 


k 


BeU. I -222 

Ii- 

■CH, 


B.P. 159-155° dec. (1) 


(For prepn. of C from 2-methylhepten-6-ol-4 (allyl-isobutyl-carbinol) [Beil. 1-448] with 
PCU see (1).J 

C on htg. with powdered KOH at 140° loeea HCl yielding (1) 2-methyiheptadiene-4,6 
[Bril. 1-268], b.p. 116-118°, D? - 0.741 (1). 

S:8ilMI (1) Fournier, toe. ehim. (3) U, 400-401 (1896). 
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LIQUIDS WITH Df < 1.15 


3:8210>3:8217 


3; 8310 8-CHLORO-8-ETHyL.2-METHYLPENTANE CgHnCl BelL I -164 
(3-Chloro-3-methoethylpentane; Cl H Ix — 

diethyl-isopropyl-carbinyl chloride) la — 

O/Hg.OHg ' ' C 07 CHg 

(f/Hg d/Hg 

in* 

B.P. 150-155° dee. <1>. 


[For prepn. from 3-ethyl-2-methylpentanoI-3 (diethyl-isopropyl-carbinol) [Beil. 1-423, 
l2-(454)] with PClg see <1).] 

3:8310 (1) Grigorowitsch, Pavlov, J. Russ. Phya.-Chem. Soc. 33, 169 (1891). 


3:8215 ISOAMYL CHLOROFORMATE CgHnOga Beil, m • 12 

(Isoamyl chlorocarbonate) iso-CgHnO.CO.Cl ini-( 6) 

IIl2-(ll) 

B.P. 154.3° cor. (1) DJ® - 1.0321 (2) n^, = 1.41016 (2) 

[For prepn. from isoamyl ale. (1:6200) + phosgene (3:5000) see <1).] 

(P Isoamyl carbamate: m.p. 64.5® (3), 59® (4). [This deriv. is not recorded directly 
from C but should be preparable by actn. of cone. aq. NH4OH cf. (5).] 

® Isoamyl Af-phenylcarbamate (isoamyl carbanilate): m.p. 57-58® (6), 57-59® (7), 
55® (8), 55-56® <9). [This deriv. is not recorded directly from C but should be 
preparable by actn. of aniline, cf. (5).l 

3:8315 (1) Roese, Ann. 305, 230 (1880). (2) von Auwers, Ber. 60, 2140 (1927). (3) Marckwald, 

Ber. 37, 1040 (1904). (4) B6hal, Bull. soc. chim. (4) 35, 480 (1919). (6) Chattaway, Saerens, /. 

Chem. Soc. 117, 708-711 (1920). (6) Loequin, BuU. soc. chim. (3) 31, 600 (1904).* (7) Levene, 

Allen, J. Biol. Chem. 37, 440 (1916). (8) Marckwald, Ber. 37, 1049 (1904). (9) Nekrassow, 
Melnikow, J. prakt. Chem. (2) 136, 92 (1930). 

3:8217 l-CHLOROPENTANONE-2 CgHgOCl Beil. I — 

(Chloromethyl n-propyl ketone) CH3.CH2.Cfl2 — C — CHg Ii-(350) 

h i, ^*-(^88) 

B.P. 154.5-166® si. dec. {!) 

58-59® at 17 mm. (1) 

55-57® at 16 mm. (2) 

Liquid with penetrating odor. — Very spar. sol. aq.; volatile with steam. 

[For prepn. of C from l-chloropentanol-2 (3:8225) by oxidn. with K2Cr207/H2S048ee (2); 
from 2-chloromethyl-4-methyl-2-propyl-l,3^oxolone-5 [Beil. XIXi-(657)l by hydrolytic 
cleavage with alk., or from 2-chloromethyl-4,4-dimethyl-2-propyl-l,3-dioxolone-5 [Beil. 
XIXi-(657)] by hydrolytic cleavage with aq. HCl/AcOH on warming (75-80% yield), see 
(l).l 

[C with dry K formate in MeOH refluxed overnight yields (2) pentanone-2-ol-l [Beil. 
l2-(872)], b.p. 62-64® at 18 mm. (2), 54^® at 11 mm., Df « 0.9860, n§ » 1.4234 <3),J 
C readily forms a cpd. with satd. aq. NaHSOs soln. (2). 

C does not react (4) with benzene^azonium hydroxide (diazotized aniline in NaOAe 
soln.), cf. chloroacetone (3:5425). 
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O l-Chioropentanone-2 semicarbazone: m.p. 157^ (instantaneous fusion on Hg bath) 
with decomp. (1). 

8:8217 (1) Blaise. BvU. boc. chim. (4) 15, 672-673 (1914); Compt. rend. 155, 48 (1912). 
(2) Levene, Haller, J. Biol. Chem. 77, 560-561 (1928). (3) Schmidt, Ascherl, Ber. 58, 358 (1925). 
(4) Favrel, BuU. boc. chim. (5) 1, 990 (1934). 

3:8219 l-CHLOROHEPTENE-l CH3.(CH2)4.CH=CHC1 CtHuCI Beil. I - 219 

11- 

12- (196) 

B.P. 155® cor. (1) 

149-150® at 733 mm. (2) 

148® <3) 

78-82® at 76 mm. (4) 

Note that although two geom. steroisomers of C are possible only one has yet been 
recognized. 

[For prepn. of C from 1,1-dichloroheptane (3:8650) by elimination of 1 HCl with ale. 
KOH (1) (3) (note, however, that yields are low (4) and the process has sometimes (5) 
failed), or better large excess solid KOH at 200® (62% yield (4)), see indie, refs.; from 
n-heptaJdehyde (1:0183) with PCls see (6).] 

C with KOH in mineral oil at 250® (4), or with NaNH 2 in toluene or xylene at 109-150® 

(6) , or in mineral oil (Nujol) at 159-155® (7) gives (yields: 54% (7), 37% (4)) heptyne-1 
(1 :^85), b.p. 98®. 

[C with perbenzoic acid (benzoyl hydrogen peroxide) in CHCI 3 for 25 days gives (2) 
corresp. oxide, viz., l-chloro-l, 2-epoxyheptane, b.p. 93-95® at 50 mm., Dj® = 0.9874, 
n5 = 1.4370 (2).l 

[C with NaSC 2 H 6 in ?i-BuOH under reflux or better in EtOH at 138® under pressure 
gives (8) ethyl hepten-l-yl sulfide, b.p. 196-202®.] 

8:8219 (1) Limpricht, Ann. 103, 82-83 (1857). <2) Prileschajew, Bcr. 59, 196-197 (1926). (3) 
Welt, Ber. 30, 1496 (’1897). (4) Bachmann, Hill, J. Am. Chem. Soc. 56, 2731 (1934). (5) Guest 

J. Am. Chem. Soc. 47, 861 0925). (6) Bourgeul, Compt. rend. 177, 823 (1923); 178, 1560 (1924). 

(7) Johnson, McEwen, J. Am. Chem. Soc. 48, 473 (1926). (8) Loevenich, Losen, Dierichs, 

Ber. 60, 954 (1927). 

3: 8220 fer-BUTYL CHLOROACETATE C 6 H 11 G 2 CI Beil. S.N. 160 

(CH3)3C.0.C0.CH2C1 

B.P. ISS” si. dec. {1> = 1.4860 (2) 

60.2® at 16 mm. (1) 1.4230 (1) 

48-49® at 11 mm. (2) 

Colorless liq. heavier than aq. (1). 

[For prepn. (yield: 63% (2), 60% (1)) from ter-butyl ale. (1 : 6140) -h chloroacetyl chloride 
(3:5235) + dimethylaniline see (1) (2).] 

Hydrolysis yields (1) fer-butyl ale. (1:6140)+ chloroacetic acid (3:1370) (1); Sap. Eq. = 
150.5 (1). 

8:8220 (l) Westheimer, Shookhoff, J. Am. Chem. Soc. 62, 271 (1940). (2) Baker, Org, SyrUheses 
24, 21 (1944). 
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LIQUIDS WITH Df < 1.15 


3:82S9-3:82IS5 


3:8323 3-CHLORO-3-ETHYLHEXANE Cl CsHnCl 


(Diethyl-n-propyl-carbinyl 

chloride) 


CH8.CH2.CH2— i--CH2.CH8 

4h6 


B.P. 155° 8l. dec. (1) 


BeU. I - 168 

11- 

12- (186) 


[For prepn. of C from 3-ethylhexanol-3 (diethyl-n-propyl-carbinol) [Beil. 1-421, Ii-(210), 
I 2 - (454)1 with PClg see (1).] 

[0 with diethylamine loses HCl (2) yielding an olefin <2).] 

[For data on density and parachor of C at 0°, 15®, 25®, 50®, and 65° see (3).l 

8:8228 (l) Butlerow, BvM. soc. chim. (2) 5, 23 (1866). (2) Montagne, Ann. chim. (10) 18, 111 

(1930). (3) Quayle, Owen, Beavers, J. Am. Chem. Soc. 61, 3107-3111 (1939). 


3:8224 METHYL d,/-/3-CHLORO.n-BUTYRATE C 6 H 9 O 2 CI Beil. 0-277 

CH 3 .CH.CH 2 .COOCH 8 Hi— 

B.P. 155-156® at 750 mm. (1) = 1.0996 (2) nf? = 1.4258 <2) 

[For prepn. of C from methyl crotonate (1:3121) by addn. of HCl, from /8-chloro-n- 
butyronitrile -f MeOH 4- HCl, or from methyl n-butyrate (1:3080) with CI 2 see (1).] 

C on hydrolysis yields MeOH (1:6120), crotomc acid (1:0425), and HCl. 

3:8224 (l) Henry, Bull. acad. roy. Belg. (3) 35, 507-620 (1898); Cent. 1898, II 273. (2) Schjan- 
berg, Z. phyatk. Chem. A-172, 232 (1935). 


3:8225 d,M-CHLOROPENTANOL-2 CgHnOCl Beil. I — 

(Chloromethyl-w-propyl- CH 3 .CH 2 .CH 2 — CH CH 2 Ii — 

carbinol; n-propylethylene 
chlorohydrin) 

B.P. 157-160® at 736 mm. ( 1 ) 

68-75® at 30 mm. (2) 

66-67® at 18 mm. <3) 

59-62® at 14 mm. (4) 

[For prepn. of C from pentenc -1 (1:8205) with HOCl (43% yield) see ( 2 ); from 1-chloro- 
2 , 3 -epoxypropane (epichlorohydrin) (3:5358) with MgEt 2 (70% yield (3)) or with EtMgBr 
(16-19% jdeld < 1 )) see indie, refs.; from chloroacetaldehyde (3:7212) with n-PrMgBr 
see (4).] 

C with AcCl yields < 1 ) l-chloro- 2 -acetoxypentane, b.p. 186-188® at 740 mm., * 
1.0825, riD =* 1.4328 <1); C with NaSMe gives (45% yield (2)) l-methylthiolpentanol-2, 
b.p. 90® at 18 mm., D 20 = 0.943, nf? == 1.4792 ( 2 ); C with SOCI 2 + diethylaniline gives 
(70% jdeld ( 1 )) l, 2 -<iichloropentane (3 : 8140); C with 2 moles EtMgBr yields <3) heptanol-4 
(1:6228). 

C on oxidn. with K 2 Cr 207 + H 2 SO 4 yields (4) l-chloropentanone-2 (3:8217), b.p. 55-67° 
at 15 mm. (4); C on oxidn. with aq. KMn 04 yields (1) 7i-but3ndc acid (1 : 1035) q.v. 

Chloromethyl-n-propyl-carbinyl 3|6-dinitrobenzoate: pi. from ale., m.p. 84-85® <3), 
83-84® (1 ) ; from C on htg. with 3,5-dinitrobenzoyl chloride until no more HCl is evolved 

U). 


U k 

= 1.0143 (1) n!>* = 1.4404 (1) 

= 1.037 <2) n|>® - 1.4520 (2) 

1.031 (.3) 1.4422 {Z\ 
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S:822S (1) Koelsch, McElvain, J, Am. Chem. Soe. 51, 3392, 3393 (1929). (2) Glavis, Ryden, 
Marvel, J. Am. Chem. Soc. 59, 709 C1937). (3) Magrane, Cottle, J» Am. Chem, Soc. 64, '484-487 
(1942). <4) Levene, Haller, J. Biol. Chem. 77, 560 (1928). 

3; 8228 CHLOROACETALDEHYDE DrETHYLACETAL C6H13O2CI Beil. I - 611 
(Chloroacetal) CH2— CH(OC2H6)2 Ii-(328) 

l2-(676) 

B.P. 157.4® (1) 

157-158® (11) = 1.017 (3) nf? - 1.4171 (3) 

156.8® cor. at 766.8 mm. (2) 

156® (13) 

53-54® at 16 mm. (3) 

(For prepn. from vinyl acetate (b.p. 69-71®) by treatment in abs. EtOH soln. with CI2 
in dark and in a solid C02/acetone cooling bath (83% yield) see (3); from acetaldehyde 
diethylacetal (** acetal ”) (1:0156) with CI2 at 50® in presence of abs. ale. NaOEt (90% 
yield) see (4); from paraldehyde (1:0170) by chlorination and subsequent treatment 
with EtOH see (6)_(6); from EtOH (1:6130) by treatment with CI2 see (7) (8).] 

(For prepn. of C from chloroacetaldehyde (3:7212) on warming with EtOH see (9); 
from chloroacetaldehyde ethyl alcoholate (chloroacetaldehyde ethyl-hemi-acetal) [Beil. 
I-Gll] in EtOH with dry HCl gas see (10); from a,/9-dichloroethyl ethyl ether (3:5640) 
with 2 vols. abs. EtOH (2) or with NaOEt (11) (12) (13) see indie, refs.] 

C is comml. chem. in U.S. (1943) (14); C is widely used in org. synthesis as source of 
combined chloroacetaldehyde (3:7212) and otherwise. 

The acetal portion of C is stable to alkali but readily hydrolyzed by aq. acids; the chlorine 
atom, however, behaves like a reactive alkyl halide; all these characteristics are illustrated 
in the reactns. cited below. 

C on warming with dil. H2S04 yields (15) chloroacetaldehyde (3:7212) accompanied 
by some W«-(^-chloro-<it-ethoxyethyl) ether, b.p. abt. 165®; C on satn. at 100® with dry 
HCl gas yields (9) a,i8-dichloroethyl ethyl ether (3:5640). — C on htg. with AcOH at 
120° or with anhydrous oxalic acid at 106-150® yields (12) chloroacetaldehyde (3:7212) -f 
ethyl acetate (1 : 3015) or diethyl oxalate (1 : 1055) respectively. 

[C htd. with NaOEt in s.t. at 140-150® for 30 hrs. (11) (13) (17) or with abs. ale. NaOEt 
at 160® under press. (16) gives (66% yield (16)) ethoxyacetaldehyde diethylacetal, b.p. 
168® (11) (this prod, on boilg. with dil. H2SO4 (17) (13) (16) hydrolyzes to EtOH (1 : 6130) -f- 
ethoxyacetaldehyde (1:0159), b.p. 105-106®). — C htd. with 10% excess of satd. abs. 
ale. KOH in s.t. for 75 hrs. gives (95% yield (18)) glycolaldehyde diethylacetal (hydroxy- 
acetaldehyde diethylacetal) (1:0191), b.p. 167®.] [For reactn. of C with many other 
ales. (19) (20) and phenols (21) in pres, of alk. see indie, refs.] 

[C htd. with Na or Mg at 120-130® (22) or with Na in ether at 0-20® (23) yields ethyl 
vinyl ether (1:7810), b.p. 35.7®, + EtOH and prob, also ethoxyacetaldehyde diethylacetal 
(see above). — C on boilg. with Zn dust yields (2) ethyl chloride (3 : 7015) +EtOH (1 : 6130). 
— C with excess phenyl MgBr at 120® as directed (24) gives 31% yield a,/8Kiiphenylethyl 
ethyl ether (a-ethoxy dibenzyl) [Beil. VIi-(329)l.] 

[C htd. with 4-5 vols. cone. aq. NH4OH in s.t. at 130® for 12-14 hrs. (25) or C-l-20 vols. 
sa^. ale. NHs in s.t. at 130® (26) (27) (28) or refluxed in pres, of Nal (29) yields amino- 
acetaldehyde diethylacetal [Beil. IV-308, rVi-(449), IV2-(758)], b.p. 163®. — C htd. with 
ale. hydrazine hydrate under press, for 6 hrs. at 115-120® yields (30) hydrazinoaeetalde- 
hyde diethylacetal (Beil. IV-553].] 

(C with aniline + NaNH2 in ether gives (77% yield (31)) N- (phenyl )aminoacetalde- 
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hyde diethylacetal [Beil. XII-213], b.p. 92-94“ at 0.3 mm.; for corresp. behavior witii 
benzylamine (32) or primary aliph. amines (33) see indie, refs.] — C with 3 moles phenyl- 
hydrazine htd. several hrs. at 130® yields (34) glyoxal-6is-(phenylhydrazone), yel. tbls. from 
alc^ or ether, m.p. 177® u.c., 179® cor. (34). 

C on acid hydrolysis (3) yields ethyl alcohol (1:6130) and chloroacetaldehyde (3:7212) 
q.v. 

3:8228 (1) Lecat, Rec. trav. chim. 45, 622 (1926). (2) Paterno, Mazzara, Oazz. chim. ttal. 3, 
254-256 (1873); Ber. 6 , 1202 (1873). (3) FOachione, J, Am. Chem. Soc. 61, 1706-1706 (1939). 

(4) Anselm, Galitzenstein, Ger. 639,607, Dec. 7, 1936; Cent. 1937, 1 2023; C.A. 31, 3940 (1927). 

(5) Freundler, Bull. soc. chim. (4) 1, 70-71 (1907). (6) Soc. des Usines Chimiques Rhone- 
Poulenc, French 711,095, Sept. 2. 1931; Cent. 1932, 1 130. (7) Lieben, Ann. 194, 114-115 (1867). 
(8) Fritsch, Ann. 279, 300 (1879). (9) Natterer, MonaUh. 5, 497-499 (1884). (10) Fritsch, 
Schumacher, Ann. 279, 308 (1894). 

(11) Lieben, Ann. 146, 193-201 (1868). (12) Natterer, Monatsh. 3, 44 4 - 44 9 (1882). (13) 
Kliiger, Monatsh. 26, 880-882 (1905). (14) Chem. Eng. News 21, 1986 (1943). (15) Frank, Ann* 

296, 341-344 (1880). (16) Leuchs, Geiger. Ber. 39. 2645 (1906). (17) Eissler, Poliak, Monatsh. 

27, 1130-1132 (1906). (18) Beyerstedt, McElvain, J. Am. Chem. Soc. 58, 630 (1936). (19) 

Sabetay, Btdl. soc. chim. (4) 45, 1161-1169 (1929). (20) Hallonquist, Hibbert, Can. J. Research 
8, 129-136 (1933); Ccn«. 1933, II 1017; C.A. 27, 2133 (1983). 

(21) Parfumerie Houbigant, Sabetay, French 673,379, Feb. 14, 1930; Cent. 1939, II 2694'. 
(22) Wialicenus, Ann. l92. 108-109 (1878). (23) Leuchs, Lemcke, Ber. 47, 2677 (1914). (24) 

Spath, Monatsh. 36, 466-467 (1914). (25) Wolff, Ber. 21, 1482 (1888); 26, 1832 (1893). 
(26) Wolff, Marburg, Ann. 363, 179-182 (1908). (27) Marckwald, Ber. 26, 2356 (1892). (28) 

Buck, Wrenn, J. Am. Chem. Soc. 61, 3613 (1929). (29) Wohl, Ber. 39, 1953 (1906). (30) Fischer. 
Hunsalz, Ber. 27, 178-179 (1894). 

(31) Wohl, Lange, Ber. 40, 4728 (1907). (32) Rtigheimer, Sch6n, Ber. 41, 17-18 (1908). 
(33) Paal, van Gembcr, Arch. Pharm. 246, 306-314 (1908). (34) Fischer, Ber. 26, 97 (1893). 


3:8230 4-CHLORO-OCTENE-4 Cl CsHisCl BeU. S.N. 11 

CH 8 .CHs.CH 2 .CH=i— CHs.CH 2 .CH 3 

B.P. 157-159.5° at 760 mm. (1) == 0.8788 (1) .. 1.4394 (1) 

Although two geom. stereoisomers of C are possible only this one has as yet been reported. 
[For prepn. of C from octyne-4 (di-n-propylacetylene) (1:8110) with AcCl + SnCU 
(both stereoisomers of 4-chloro-3-n-propylhepten-3-one-2 are also formed: cis, b.p. 117- 
118° at 28 mm., = 0.9680, nf? = 1.4587; tram, b.p. 112-113° at 28 mm., i^® = 0.9692, 
ni>® = 1.4601 (D) see <!).] 

3:8230 (l) Kroeger, Sowa, Nieuwland, J. Org. Chem. 1, 163-169 (1936). 


3 : 8236 d,/-a.ETHYL-n-VALERYL CHLORIDE C 7 H 13 OCI 

(d,i-2-Ethylpentanoyl chloride-1 ; CH 3 .CH 2 .CH 2 .CH . C==0 
ethyl-n-propyl-acetyl chloride) 

B.P. 168-160® (1) 

60® at 11 mm. (2) 


Beil, n- 344 

ni- 

Ha- 


[For prepn. of C from 2-ethylpentanoic acid-1 (ethyl-^propyl-^cetic acid) (1:1133) 
with PCI3 (1) or SOCI2 (2) see indie, refs.] 

C on hydrolysis 3rields ethyl-n-propyl-acetic acid (1:1133) q.v. (for the amide, anilide, 
p-toluidide, and other derivatives corresponding to C see 1:1133). 

3:8235 (1) ^asetti, BvU. soc. chim. (3) 33, 687 (1906). (2) Reichstein, Trivelli, Heh. Chim. Acta 
16, 974 (1933) ; 15, 258-259 (1932). 
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3:8240 2.CHL0R0BUTEN-2.0L-1 H Cl C4H7OCI BeU. 1-442 

OKJhlorocrotonyl alcohol) cH,_Li_CH,OH 

B.P. 159° at 760 mm. (1) = 1.0950 (4) 

158-161° <2) 

158.3° cor. at 742.6 mm. <3) » 1.118. (1) 

32-53^ at 19 mm. <4) 

Note: cis and trans stereoisomers of C are theoretically possible but have not definitely 
been reported. 

[For prepn. of C from 2-chlorobuten-2-al-l (a-chlorocrotonaldehyde) (3:8117) by 
reduction in abs. ale. with H2 + Al(0Et)3 (2) or with Mg(OEt)2.EtOMgCl (1) see (2) (1); 
for formn. of C (together with 3-chlorobuten-3-ol-2) (3:9115) from either the low-boilg. 
(3:5360) or high-boilg. (3:5615) stereoisomer of l,2-dichlorobutene-2 by hydrolysis with 
2 pts. aq. 1 mole CaCOa for 4 hrs. at 70° see (4); for prepn. of C from 2,2,3-trichloro- 
butanol-1 (3:1336) with Zn dust -}- HCl see (3).] 

® 2-Chlorobuten-2-yl-l N-(a-naphthyl)carbamate; m.p. 95-96° (4). 

3:8240 (1) Meerwoin et al., J. prdkt. Chem. (2) 147, 225 (1936). (2) I. G. Farbenindustrie, Ger. 
437,160, Nov. 18, 1926; Cent 1927, 1 802. (3) Garzarolli-Thurnlackh, Ann. 213, 375-379 (1882). 

(4) Tishchenko. J. Gen. Chem. (U.S.S.R.) 7, 658-662 (1937); Cent 1937, II 371-372; C.A. 31. 
6754 (1937). 


3: 8243 4-CHLOROPENTANONE-2 CsHsOCl BeU. I - 678 

(/3-Chloro-n-propyl CH3 — CH — CH2 — C — CH3 Ii — 

methyl ketone) I2 — 

B.P. 169-160° (1) 

[For preparation of C from acetyl chloride (3:7065) 4- propylene in pres, of ZnCl2 see 
(1); for reactn. of acetyl chloride with propylene in pres, of activated carbon at 100-300° 
and at press, of 20-200 atm. cf. (2h] 


11 — 

12- (481) 
= 1.45093 (4) 

1.46893 (1) 


8:8243 (1) Kondakow, J. Russ. Phys.-Chem. Soc., 26, 15 (1883). (2) Frohlich, Wiezevich (to 

Standard OU Development CoOi U.S. 2,006,198, June 25, 1935; Cent. 1936, 1 2827. 
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3:8245 o-CHLOROTOLUEHE CHs CrHtCI BeU.V-390 

a l Vi-a49) 

V,-(234) 


B.P. 

159.45-159.55° at 760 mm. (1) 

159.5° cor. at 769.6 mm. <2) 

159.38° at 760.1 mm. (3) 

159.15° at 760 mm. (4) 

159.0-159.2° cor. (5) 

158.93-158.97° at 760 mm. (6) 

158.7-158.9° at 764 mm. (7> 

158.4-158.7° at 760.4 mm. (8) 

158.3-159.3° <9) 

157.2° at 760 mm. (10) 

147.7° at 668.9 mm. (3> 

142.3° at 486.0 mm. {3> 

134.2° at 391.1 mm. (3) 

123.3° at 279.4 mm. (3) 

112.1° at 191.0 mm. (3) 

95.2° at 106.0 mm. (3) 

93.2° at 98.0 mm. <3) 

41° at 11 mm. (11) 

[See also p-chlorotolv£ne (3:8287).] 

[For f.p./compn, data on system: C + p-chlorotoluene (3:8287) (eutectic, f.p. —60® 
conts. 73% C) see <8) (112); for /^io/compn. data on this system see (8); for niJ/compn. 
data on this system see (15). — For f.p./compn. data on systems C + chlorobenzene 
(3:7903) (13), C m-dichlorolieiizene ^,3:5960) (16), C + bromobenzene (16) see indie, 
refs.) 

[For prepn. of C from o-toluidine [Beil. XlI-772, XIIi-(372)] via diazotization and use 
of CU 2 CI 2 reactn. (yields: 85% (23), 79-90% (21), 74 79% (7), 70% (18)) (19) (20) (22), 
or Cu powder (66% yield (24)) (25), or mere boilg. with HCl (26), or use of CuH (27), or 
CaCl 2 (28) see indie, refs.; for prepn. from o-toluenediazonium chloride (solid) [Beil. XVI- 
495, XVIr(358)] with CsHe + AICI 3 (29), from o-toluenediazonium chloroplatinate on 
htg. (30), or from o-toluenediazopiperidide by htg. with HCl (31) see indie, refs.; for prepn. 
of C from fMiresol (1 : 1400) via conv. with PCls at 140° to <m-(o-toloxy)pho8phoric acid 
dichloride and htg. of latter at 180° see (32); for prepn. of C from p-toluenesulfonyl chloride 
via chlorination to 2-chlorotoluenesulfonyl chloride-4 followed by hydrolysis with 10% 
H 2 SO 4 (33) to 2 -chlorotoluenesulfonic acid-4 (see below) and subsequent replacement of 
— SO 3 H by H with superheated steam in 80% H 2 SO 4 (overall yield 88-90% (33)) cf. 
(34) (35); for prepn. of C from 2-chlorotoiuenesulfonio acid-5 (see below) or its sodium 
salt by steam distn. of its soln. in 75% H 2 SO 4 see (8).] 

[For prepn. of C from toluene with CI 2 in pres, of Fe (8) (36) (38), or I 2 (37) (39), Fe + 
I 2 (15), Al/Hg (45), Mods (36), SbCls (39), or PbC^ (8), from toluene via electrolysis of 
its suspension in boilg. HCl (40) or in HCl/AcOH at 35° (41), from toluene by boilg. with 
PbCl 2 . 2 NH 4 Cl (42), from toluene with SO 2 CI 2 + cat. (43) especially AICI 3 (43) (44), from 
toluene with n-butyl chlorosulfonate (46), from toluene with NCI 3 (47) see indie, refs.: 
no m-chlorotoluene is formed by any of these methods, but the proportion of C to its ac- 


F.P. 

- 34 . 0 ° (12) = 1.07762 {4) 

-34.5° (11) nl? = 1.52221 (1) 

-34.7° (13) Df = 1.08246 (4) 

-35.1° (8) 1.08173 (14) 

-36.5° (4) 1.0785 (1) 

(10) ng* ~ 1.52691 (4) 

X>i® = 1.08729 (4) 
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oompanying p-isomer (3:8287) varies widely, e.g., from 100% C with PbCla + NH 4 OH 
<42)> through 62% o/28% p with PbCla < 8 ), to 2.5 o/l p via the electrolytic methods (40) 
(for details the orig. refs, must be consulted).] — (For sepn. of C from polychlorotoluenes 
via const.-boilg. mixt. with aq. see (79).] 

[For prepn. of C from hydrazone of o-chlorobenzaldehyde (3:6410) by Wolff-Kishner 
reduction (35-82% yield) see (113).] 

[For thermal anal, of system: C + SbCls see (48).] 

[C with Ha in pres, of Pd/CaCOa in alc./alk. soln. loses all its chlorine as HCl (49); C 
with HI + P at 302® for 5 hrs. gives 80% yield (50) toluene (1 : 7405).] 

C on oxidn. with CrOa is completely destroyed (30); C on oxidn. with boilg. aq. KMn 04 
(74-78% yield (51)) (52) (36) (53) or C on cat. oxidn. with air over granular tin vanadate 
at 28r (13.8% yield (54)) cf. (55) or C + KCN + NiCla in dil. ale. 20 hrs. at 260-270® 
(7.5% yield (63)) gives o-chlorobenzoic acid (3:4150); C with CrOaCla followed by aq. 
(51.5% yield (56)) (57) or C on oxidn. with Ce cpds. (58) or with air over TaaOs (59) cf. 
(60) or C with MnOa + H 2 SO 4 (61) or PbOa + dil. H 2 SO 4 (24% yield (62)) gives o-chloro- 
benzaldehyde (3:6410). 

[C with CI 2 in pres, of Al/Hg gives (64) a mixt. contg. 2,3- (3:6345), 2,4- (3:6290), 
2 , 6 - (3:6270), together with some 2,5-dichlorotoluene (3:6245). — C with CI 2 + 3% PCla 
in light gives (65) (19) o-chlorobenzyl chloride (3:6400); C with CI 2 + PCls at 150-180® 
( 66 ) (67) ( 68 ) cf. (70) gives o-chlorobenzal (di)ehloride (3:6625); C with CI 2 + PCI 3 (73) 
or with CI 2 at 160-190® (69) gives (64% yield (69)) (70) (71) o-chlorobenzotrichloride 
(3:6880).] 

[C with Bra iu pres, of Al/Hg in CCI 4 gives (74) mainly 5-bromo-2-chlorotoluene [Beil. 
V-307, Vi-(155)], together with a smaller amt. of 4-bromo-2-chlorotoluene [Beil. V-307, 
Vi-(155)]; the former is also obtd. (75) from C -f* Bra + HNO 3 + H 2 SO 4 in AcOH. — 
C with Bra (76) (77) yields o-chlorobenzyl bromide [Beil. Vi-(155)] (for studies of rate of 
side-chain bromination of C see (78)).] 

[C -f- I 2 + HNO 3 + H 2 SO 4 in AcOH gives (75) 2-chloro-5-iodotoluene [Beil. V-315].] 
[C with AICI 3 + HCl gas as directed (7) undergoes partial rearr. to both m-chlorotoluene 
(3:8275) and p-chlorotoluene (3:8287); for anal, of mixts. of the three isomers see (7).] 

[C with AcCl (80) or better AcaO (81) + AICI 3 gives (70% yield (81)) 4-chloro-3-methyl- 
acetophenone [Beil. VII-307], b.p. 254.^^-254.4® at 753.4 mm., ni? - 1.5521 (81). — C 
with jS-chloropropionyl chloride (3:5690) -f- AICI 3 in CS 2 gives ( 68 % yield (82)) (83) 2 - 
chloro-5-(^-chloropropionyl) toluene, colorless pr. from CeHe, m.p. 46® (82), which on ring 
closure with cone. H 2 SO 4 gives (82) (83) 6-chloro-7 (or 5)-methylindanone-l, cryst. from 
ale., m.p. 74-75® (82) (83). — C with trichloroacetonitrile AICI 3 (4 moles) at 80-90® 
satd. with HCl gas for 2 days gives (40% yield (84)) 4-chloro-3-methyl-co,«,(o-trichloro- 
acetophenone, b.p. 155-160® at 11 mm. (84). — C with fumaryl (di)chlori(ie -p AICI 3 in 
CS 2 at 50-60® for 2 hrs. gives (51% yield (85)) ^ra7i«-W«-l,2-r4-chloro-3-methylbenzoyl) 
ethylene, pale yel. cryst. from ale., m.p. 167® (85).] 

[C with benzoyl chloride -h AlCls gives (83% yield ( 86 )) 3-chloro-4-methylbenzophenone 
[Beil. VIIi-(236)], Ifts. from ale., m.p, 82-83® ( 86 ); C with o-chlorobenzoyl chloride (3:6640) 
AICI 3 in CS 2 for 12 hrs. gives (87) 2',3-diohloro-4-methylbenzophenone, cryst. from ale., 
m.p. 43.5® (87). — C with naphthalene-W»-l,4(or 5)-(dicarboxylic acid dichloride) -h 
AlCla gives ( 88 ) 5i«-l,4(or 5)(chlorotoIuoyl)naphthalene (used for ring closure to corresp. 
dibenzpyrenequinones) .] 

[C with phthalic anhydride -f AICI 3 at 90® pves (89) (90) (91) a mixt. ( 93 % yield (90)) 
of two o-(chlorotoluoyl)benzoic acids A -f B: A, m.p. 183-184® (90), 182-183® (91) (89), 
the main prod., is regarded variously as either (90) o-(3-chloro-4-methylbenzoyl)benzoic 
acid or (91) o-( 4 -chloro- 3 -methylben 2 oyl)benzoic acid but in any case with cone. H 2 SO 4 
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ring-doses to give (92% yield (90)) (91) 2-chloro-3-methylantliraquinone, colorless tbls. 
from toluene, m.p. 219® (91) cor. (90); B, m.p. 176-177® (91), the minor prod., regarded 
(91) as o-(2-chloro-3-methylbenzoyl)benzoic acid, .with cone. H2SO4 ring-closes to give 
l-chloro-2-methylanthraquinone, yel.-br. ndis. from toluene, m.p. 171® (91), 170-171® 
(90).] — [For reactn. of C with 3,4-dichlorophthalic anhydride (3:3695) (92) or with 
pyromellitic anhydride (93) see indie, refs.] 

[C with aq. NaOH in pres, of Cu at 350-360® under press, yields (94) a mixt. cont^. 
41% o-cresol (1:1400) 59% m-cresol (1:1730) (for extensive study of hydrolysis of C 

as means of prepn. of ?7i-cresol (1:1730) see (112)); C with NH3 + cat. under press, as 
directed (95) (96) (97) yields o-toluidine (for behavior of C with liquid NHs see (98)). — 
C with aniline -h Cu at 175° yields (99) phenyl-o-tolylamine. — C with diphenylamine -f- 
K at 240-245® in H2 gives (by rearr.) (100) JNr,J\r-diphenyl-?w-toluidine, m.p. 69-70®.] — 
[Note that C does not react with aq. sodium sulfanilate -}- Na2C03 (dif . from benzyl chloride 
(3:^35)) and use in sepn. of C from the latter (8).] 

[C on mononitration, e.g., with 4 pts. HNO3 (/) = 1.52) at 0° (101) gives a mixt. contg. 
all four possible isomers, viz., 43% 2-chloro-5-nitrotoluene [Beil. V-329, Vi-(163)], m.p. 

42.9® (101), 44® (102), 21% 2-chloro^nitrotoluene [Beil. V.327, Vi-(162)], m.p. 35.3® 

(101), 37® (103) (104), 19% 2-chloro-3-nitrotoluene [Beil. V-328, Vi.(163)], m.p. 22.1® 

(101), 21.5® (105), and 17% 2-chloro-4-nitrotoluene [Beil. V-329, Vi-(163)], m.p. 62,3® 

(101), 65® (105A).] 

C on dinitration, e.g., with mixt. of 3 wt. pts. HNO3 (D = 1.48) -f 9 wt. pts. cone. 
H2SO4 at 100® (106), or with 2 vol. pts. HNO3 {D = 1.42) -f 5 vols. pts. cone. H2SO4 at 
100® as directed (107), gives mainly (55-60% (107)) 2-chloro-3,5-dinitrotoluene [Beil. 
V-345, Vi- (169)1, cryst. from ale., m.p. 64® (107), 63-64° (106), accompanied by smaller 
amts, of three isomers, viz., 2-chloro-4,5-dinitrotolucne, m.p. 88.5° (18-20% (107)), 2- 
chloro-5,6-dinitrotoluene, m.p. 106,5° (18-20% (107)), and 2-chloro-4,6-dinitrotoluene, 
m.p. 49° (1-2% (107)) [the two other possible dinitro-2-chlorotoluenes have been prepd. 
by indirect means, viz., 2-chloro-3,4-dinitrotoluene, m.p. 89° (108), and 2-chloro-3,6- 
dinitrotoluene, m.p. 62-63® (109)]. 

[C on monosulfonation with fumg. H2SO4 (37) or 100% H2SO4 (23) (8) or CISO3H (110) 
(see below) yields 2-chlorotoluenesulfonic acid-5 [Beil. XI-95]; C sulfonates more readily 
(8) than p-chlorotoluene (3:8287) and may thus be used to separate C from the latter 
( 8 ) ( 111 ).] 

® 2-Chlorotoluenesulfonamide-6 (4-chloro-3-methylbenzenesulfonamide-l) : cryst. 
from dil. ale., m.p. 126° u.c. (110). [From C with CISO3H as directed (110) followed 
by conv. of the intermediate 2-chlorotoluenesulfonyl chloride-5, cryst. from pet. 
ether, m.p. 63° u.c. (110), with (NH4)2C03.] 

3:8246 (l) Matthews, J, Am. Chem. Soc. 48, 570 (1926). (2) Wibaut, Rec. trav. chim. 33, 247 

(1913). (3) Feitler, Z. physik. Chem. 4, 71-72 (1889). (4) Timmermans, Hennaut-Roland, J. 
chim, phya. 37, 410-411 (1930). (5) Perkin. J. Chem. Soc. 69, 1203 (1896). (6) Stuckey, 

Saylor, J, Am. Chem. Soc. 63, 2923 (1940). (7) Norris, Turner, J. Am. Chem. Soc. 61, 2128- 

2131 (1939). (8) Wahl, Normand, Vermeylen, Bull. aoc. chim. (4) 31, 570-583 (1922). (9) 

Kohlrausch, Pongratz, Monatah. 63, 441 (1934). (10) Timmermans, BuU. aoc. chim. Belg. 36, 
505 (1927). 

(11) Rule, McLean, J. Chem. Soc. 1931, 689. (12) Haase, Ber. 36, 1053 (1893). (13) linard. 
Bull. aoc. chim. Belg. 34, 369, 393 (1925). (14) Seubert, Ber. 33, 2520 (1889). (15) Chindraux, 
Helv. Chim. Acta 13, 925-927 (1929). (16) Timmermans, BvU. soc. chim. Belg. 43, 633-634 
(1934). (17) Marvel, McElvain, Org. Syntheaea. Coll. Vol. 1 (2nd ed.), 170-172 (1941); (1st ed.), 

163-165 (1932); 3, 33-36 (1923). (18) Erdmann, Ann. 373, 145-147 (1892). (19) Behrend, 

Nissen, Ann. 369, 393-394 (1892). (20) Heller, Tischner, Ber. 44, 260-256 (1911). 

(21) Heller, Z. angew. Chem. 33, 389-392 (1910). (22) Sandmeyer, Ber. 17, 2651 (1884). 
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(23) Wynne, J. Chem. Soc. 61. 1072-1076 (1892). (24) Gattermann, Bar, 23, 1221 (1890). 

(26) Ullmann, Ber, 29, 1878, Note (1896). (26) Gasiorowski, Waysa, Ber. 18, 1939 (1886). 

(27) Neogi, Mitra, J. Chem. Soc, 1928, 1332. ( 28 ) Kuhn, Eichenberger, French 663,236, Aug. 
19, 1929; Cent. 1929, II 3069. (29) Mohlau, Berger, Ber. 26, 1998 (1893). (30) BeOstein, 
Kuhlberg, Ann. 156, 79 (1870). 

(31) Wallach, Ann. 236, 247 (1886). (32) Autenrieth, Geyer, Ber. 41, 157 (1908). (33) 

McMaster, Carol, Ind. Eng. Chem. 23, 218-219 (1931). (34) Soc. Chern. Ind. Basel, Ger. 133,000, 
July 9, 1902; Cent. 1962, II 313-314. (35) B.A.S.F., Ger. 294,638, Oct. 16, 1916; Cent. 1916, 
II 860. (36) Seelig, Ann. 237, 130-131, 151-155 (1887). (37) Hilbner, Majert, Ber. 6, 790-795, 

1672 (1873). (38) Book, Eggert, Z. Elektrochem. 29, 521-527 (1923); Cent. 1924, I 1741. (39) 
Wertyporoch, Ann. 493, 163 (1932). (40) Cohen, Dawson, Crosland, J. Chem. Soc. 87, 1034- 

1037 (1905). 

(41) Fichter, Glantzstein, Ber. 41, 2484-2487 (1916). (42) Seyewetz, Biot, Compt. rend. 135, 

1121 (1902); Bull. soc. chim. (3) 29, 221-222 (1903). (43) O. Silberiad, C. Silberrad, Parke, 
J. Chem. Soc. 127, 1724-1731 (1925). (44) O. Silberrad, J. Chem. Soc. 127, 2678 (1925). (45) 

Cohen, Dakin, J. Chem. Soc. 79, 1119-1120 (1901). (46) Barkenbus, Hopkins, Allen, J. Am. 

Chem. Soc. 61, 2452-2453 (1939). (47) Stoll, BuU. soc. chirn. Belg. 38, 77-91 (1929). (48) Men- 

schutkin, J. Russ. Phys.-Chem. Soc. 44, 1940 (1912), Cent 1913, I 805. (49) Busch, Stdve, Ber. 

49, 1069 (1916). (.50) Klages, Liocke, J. prakt. Chem. (2) 61, 322 (1900). 

(61) Clarke, Taylor, Org. Syntheses, CoU. Vol. 2 (Ist ed.), 135-136 (1943); 16, 20-21 (1930). 
(62) Graebe, Ann. 276, 55-56 (1893). (53) Emmerling, Ber. 8, 880 (1875). (54) Maxted, 
Dunsby, J. Chem. Soc. 1928, 1411. (55) Maxted, Coke, Biit. 237,088, Aug. 21, 1925; Cent. 

1928, I 1712. (56) Law, Perkin, J. Chem. Soc. 93, 1636 (1908). (57) Stuart, Elliot, J. Chem. 

Soc. 53, 803 (1888). (58) M.L.B., Ger. 174,238, Sept. 10, 1906, Cent. 1966, II 1297. (59) Graver 

(to Barrett Co.), Brit. 189,091, 189,097, Jan. 17, 1923; Cent. 1923, II 746. (60) Chariot, Ann. 
chim. (11) 2, 469-470 (1934); Bull. see. chim. (4) 63, 577 (1933). 

(61) Gilliard, Monet, Cartier, Ger. 101,221, Sept. 23, 1807, Cent. 1899, I 900. (02) Olivier, 
Weber, Re^. trav. chim. 53, 881 (1934). (03) Slebodzinski, J. prakt. Chem. (2) 143, 118 (1935). 
(64) Cohen, Dakin, J. Chem. Soc. 79, 1117 (1901). (65) Meisenheimer, Zimmermann, von 
Kummer, Ann. 446, 225 (1926). (66) Shoesmith, Slater, J. Chem. See. 1926, 218. (67) Asinger, 
Lock, Monatsh. 62, 333, Note 14 (1933). (68) Erdmann, Ann. 272, 151 (1892). (69) Booth, 
Elsey, Burchfield, J. Am. Chem. Soc. 67, 2067 (1935). (70) Kyi ides (to National Aniline and 
Chem. Co.), U.S. 1,733,268, Oct. 29, 1929; Cent. 1930, I 3831. 

(71) Britton (to Dow Chem. Co), U.S. 1,878,46:1, Sept. 20, 1932; Cent. 1933, I 311. (72) 
Scottish Dyes, Ltd., Bangham, Thomas, Brit. 308,231, April 18, 1929; Cent. 1929, II 1348. 
(73) Fox, Ber. 26, 653 (1893). (74) Cohen, Smithells, J. Chern. Soc. 106, 1910 (1941). (75) 

Varma, Sahay, J. Indian. Chem. Soc. 11, 293-294 (1934), (76) I.KJouaid, J. Chem. Soc. 109, 
670-671 (1916). (77) Thomson, Stevens, J. Chem. Soc. 1932, 61. (78) Sarnpey, Fawcett, 
Moorehead, J. Am. Chem. Soc. 62, 1839-1840 (1940). (79) Buchheim (to Chem. Fabrik von 

Heyden, Ger. 616,696, Aug. 1, 1935; Cent, 1935, I 3703. (80) Claus, J. prakt. Chem. (2) 43, 

366-357 (1891). 

(81) Allen, Bridgess, J. Am. Chem. Soc. 49, 1846 (1927). (82) Mayer, Muller, Ber. 60, 2281- 

2283 (1927). (83) Mayer (to I.G.), Ger. 516,110, Jan. 16, 1931 , Cent. 1931, II 908. (84) Houben, 
Fischer, Ber. 2648-2650 (1931). (85) Conant, Lutz, J. Am. Chem. Soc. 47, 891 (1925). 

(86) Heller, Ber. 46, 1600 (1931). (87) de Diesbach, Bulliard, Helv. Chim. Acta 7, 625 (1924). 

(88) I.G., French 657,246, May 18, 1929; Cent. 1930, 1 130. (89) Heller, Schulko, Ber. 41, 3636- 

3637 (1908). (90) Ullmann, Dasgupta, Ber. 47, 556-658 (1914). 

(91) Keimatsu, Hirano, J. Pharm. Soc. Japan 49, 17-20 (1929); Cent. 1929, I 2532. (92) 
Kumatsu, Hirano, J. Pharm. Soc. Japan 49, 158-163 (1929); Cent. 1930, 1 1303. (93) de Dies- 
bach, Schmidt, Helv. Chim. Acta 7, 648-660 (1924). (94) Britton (to Dow Chem. Co.), U.S. 

I, 996,744, April 9, 1935; Cent. 1936, II 1962. (96) Williams (to Dow Chem. Co.), U.S. 1,775,360, 
Sept. 9, 1930; Cent. 1931, II 1195. (96) Federal Phosphorus Co., 'Brit. 370,774, May 5, 1932; 
Cent, 1^2, II 1237. (97) Booth (to Swann Research, Inc.), U.S. 1,954,469, April 10, 1934; Cent. 
1934, II 1846. (98) Kraus, White, J. Am. Chem. Soc. 45, 773-774 (1923). (99) Soc. Chem. Ind. 
Basel, Brit. 260,819, May 13, 1926; Cent. 1927, I 804. (lOO) Haeussermann, Ber. 34, 39-40 
(1901); Haeussermann, Bauer, Ber. 31, 2988-2989 (1898). 

(lOl) Wibaut, Rec. trav. chim. 32, 266-286 (1913). (102) Goldschmidt, H5nig, Ber. 29, 200 
(IW). (103) Green, Lawson, J. Chem. Soc. 59, 1017 (1891). (104) Ullmann, Panchaud, Ann. 
859, 110-111 (1906). (106) HoUeman, Rec. trav. chim. 27, 466 (1908). (106A) Ullmann. Wagner, 
Ann. 355, 360 (1907). (106) Borsche, Fiedler, Ber. 45, 271-272 (1912). (107) Morgan. Drew, 

J, Chem. Soc. 117, 784-793 <1020). (108) Morgan, Glover, J. Chem. Soc. 119, 1700-1706 (1921). 
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(109) Morgan, Glover, J. Chem. Soc. 125, 1597-1601 (1924). (110) Huntress, Garten, J, Am, 
Ckem. Soc. « 8 , 612-613 (1940). 

(Ill) Wahl, Brit. 169,837, March 31, 1921; French 524,537, Sept. 6, 1921; Swiss 96,186, Sept. 
16, 1922; Ger. 376,634, June 5, 1923; Cent. 1921, IV 124. (112) Shreve, Marsel, Ind. Eng. Chem. 
38, 254-261 (1946). (113) Lock, Stach, Ber. 70, 1253-1255 (194.3). 


3:8250 1-CHLOROHEPTANE ( 

CH3.(CH2)jCH2C1 

C 7 H 16 CI BeU. I - 164 

(n-Heptyl chloride) 


Ii-( 66 ) 




1,-(117) 

B.P. 


P.P. 


159.5® (1) 

at 769 mm. (10) 

-69.6® ( 6 ) 

Df = 0.8766 (10) 

159.2° 

at 760 mm. (2) 


0.8726 ( 6 ) 

158.8-160.0® 

(3) 


nli* = 1.42844 (4) 

158.5-159.5® 

(4) 


1.42671 (10) 

117.0-117.5® 

cor. at 163 mm. (5) 


d1®= 0.8783 (6 ) 

61.4® 

at 27 mm. ( 6 ) 



[For prepn. of C from hcptanol-1 (1 

;6240) by shaking 2 days with cone. HCl -h ZnCl2 


in cold (60% yield (4)) sec (4) (8); with PCI3 + ZnClz (70% yield), PCIb + ZnCk (78% 
yield), or SOCI2 + pyridine (81% yield) see (4); with SC)Cl2 but without pyridine (80% 
yield) see (10); with cone. HCl in s.t. at 120-130® see (2); with HCl over AI2O3 at 420- 
440® see (7): for formation from n-hcptylamine + NOCl see (8): for formation during 
chlorination of n-heptane sec (9).] 

[For study of reaction of C with KI in acetone see (5); for difficulty in forming R.MgCl 
see (1); note, however, that C with Mg in dry ether -f- trace I2 gives (97.5% yield (11)) 
RMgCl.] 

(g) iV-(n-Heptyl)tetrachlorophthalimide; Ifis. from EtOH, m.p. 145-146® (12). [From 
C (?) or from n-heptyl bromide with K tetrachlorophthalimide (12).] 

3:8260 (1) Underwood, Gale, J. Aw Chem. Soc. 56, 2117-2120 (1934). (2) Cross. Ann. 180, 3 
(1877). ( 3 ) Kohlraiisch, Koppl, Monatsh. 63, 268 (19.33). (4) Clark, Streight, Trane. Roy. Soc. 
Can. (3) 23, III 77-89 (1929). (5) Conant, Hussey, J. Am. Chem. Soc. 47, 485 (1925). (6) 
Sherrill, J. Am. Chem. Soc. 62, 1985-1988 (19.30). (7) Sabatier, Mailhe, Compt. rend. IW, 124 
(1919). (8) Ssolonina, Cent. 1898, II 888. (9) Wertyporoch, Ber. 66, 737-738 (1933;. (10) 
Vogel, J. Chem. Soc. 1943, 638, 640. 

(11) Houben, Boedler, Fischer, Ber. 69, 1768, 1777 (1936). (12/ Allen, Nicholls, J. Am. Chem. 
Soc. 56, 1409-1410 (1934). 


3 : 8264 METHYL d,/-a-CHLORO-n-VALERATE C 6 H 11 O 2 CI BeU. H - 302 

CIi3.CH2.CH2.CH.COOCH3 Hi— 

B.P. 160® at 764 mm. (1) 

[For prepn. of C from a-chloro-n-valeronitrile with MeOH + H2SO4 see (1).] 

3:8264 (l) Henry, BvU. acad. roy. Bdg, (3) 36, 241-262 (1898); Cerd. 1898, 1 194. 



3:8270 


DIVISION B, SECTION 2 


1132 


3: 8270 8-CHLOROBtrTBn-2-OL-l 

Cl 

C 4 H 70 a Beil. S.N. 

25 

(2-Chlorohuten-2.ol-4 ; 
TMihlorocrotonyl alcohol) 

CH!r-(!5==CH-€Hi!OH 



B.P. 161-162° (1) 


1.1139(1) 

- 1.4678 

(1) 

92-93° at 60 mm. <2) 


1.1128 (2) 

1.4652 (3) (4) 

92° at 60 mm. <3) (4) 

z)r 


1.4649 

(2) 

78.5-79° at 26 mm. <1) 
'67-67.5° at 12 mm. (5) 

- 1.1172(5) 

njf = 1.4654 

ni? = 1.4698 

(5) 


56.5° at 9 mm. <6) 

/)« 

1.1185(1) 

(1) 


[For prepn. of C from l,3-dichlorobutene-2 (3:5550) by hydrolysis with steam (6), or 
aq, alk. <4) <6), or aq, K2CO3 (2), aq. Na2C08 (70-80% yield (3)) or CaCOa <5) see indie, 
refs.; note that the ether corresp. to C (see below) is always formed as a by-product <4) 
and also that ah. KOH does not yield C but the corresponding ethers (see below) ; for prepn. 
of C from l-bromo-3-chlorobutene-3 (‘* chloroprene hydrobromide *0 by refluxing 2 hrs. 
with aq. Na2C03 (80% yield) see (1).] 

C refluxed with 16% H2SO4 yields (2) methyl vinyl ketone. 

Ethers of C. IH~{3-<Morohtdert^2~yl-l) ether: from C in aq. KOH by addn. of 1 mole 
l,3-dichlorobutene-2 (3:5550) (80-90% yield (3)) (4); b.p. 142*^ at 50 mm., (3) (4) « 

1.171 (3), 1.1171 <4);n|? * 1.4860 <3) <4). 

Methyl $^hlorohuteiv~2-yUl ether: from l,3-dichlorobutenc-2 (3:5550) with MeOH -f- 
alk. (7), b.p. 125-126^^ <7). 

Ethyl S-chlorobuten-2-yl'l ether: from l,3-dichlorobutene-2 (3 : 5550) with excess cone. alk. 
Eton (80-90% yield (3)) (4) (7): b.p. 143*» <3) (4), 8^-89^^ at 129 mm. (7), 62-64*^ at 
40 mm. (3) (4); Z)f = 0.9788 <7), Dig * 0,9729 (3) (4); n|? « 1.4392 (7), 1.4382 (3) (4). 

Phenyl 3<hlmohulen^2-yl-l ether: from l,3-dichlorobutene-2 (3 : 5550) with alk. + phenol 
(7); b.p. 94“ at 1 mm., Df * 1.1080, ng* = 1.5378 (7). 

Esters of C. 3^ChJ^ohulen-2-^lrl aceUUe: from C with AcCl ( 1 ) ; b.p. 80.5-81 . 5® at 25 mm. 
Df - 1.1029, wf? « 1.4495 (1). 

C readily adds Br2 yielding (1) 2,3-dibromo-3-chlorobutanol-l, b.p. 111-112.5“ at 10 mm., 
Dj® = 2.0058, nf « 1.5544 (1). 

<9 3-Chlorobuten-2-yl-l N-(a-naphthyI)carbainate: cryst. from Igr., m.p. 107-108® <5>. 
(g 3-Chlorobuten-2-yl-l 3,6-dinitrobenzoate: m.p. 72-73“ (6). 

3:8270 (1) Petrov, J. Gen. Chem. (U.S.S.R.) 10, 1418-1424 (1940); C.A. 85, 3593 (1941). <2) 
Churbakov, J. Gen. Chem. {U.8.S.R.) 10, 977-980 (1940) ; C.A. 85, 2469 (1941). (3) Klebanskil, 
Chevuichalova, Sintet. Kauchvk 1985, No. 6. 16-21; Cent. 1080, I 1975; C.A. 80, 1024 a936). 
( 4 ) Klebanskil, Tzyuiikh, Dolgopol’skil, BnU. acad. aci. (U.S.S.R.) 1085, No. 2, 189-226; Cent. 
1085, 11 3844; C.A. 80, 1259 (1936) (full English translation in Rvhber Chem. Tech. 0, 383-408 
(1936)). (5) Tishchenko, J. Gen. Chem. {U.S.S.R.) 7, 658-662 (1937); qent. 1087, II 371; C.A. 
81, 5764 (1937). (6) Collins (to du Pont), U.S. 2,192,299, Mar. 5. 1940; C.A. 84, 4392 (1940). 
(7) Berchet (to du Pont), U.S. 2,079,768, May 11, 1937; Cent, 1087, II 2597; 81, 4676 (1937). 
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3: 8*76 m-^HLOROTOLUENE 

CHs 

CrHTa BeU. V - *91 




A 

Vi-(160) 





Vz-(**6} 

B.P. 



F.P. 



at 766.6 mm. (1) 

-48.0® (7) 

= 1.07*18 (9> 

161.8-162® 

at 

768 mm. (2) 

(6) 

= 1.6*14 {9> 

161.8-161.9° 


(3) 

-47.8® (8) 

= 1.0760 (10) 

161.74-161.75® 

at 

760 mm. (4) 


n{?^ = 1.6**6* (10) 

161.6® 

at 

760 mm. (5) 


Di®* = 1.0797 (10) 

45.5® 

at 

12 mm. (6) 


= 1.6*636 (10) 


(For prepn. of 6 from m-toluidine [Beil. XII-853, XIIi-(397)] via diazotization and uae 
of CusCh reactn. (yields; 86 % (46), 80% ( 11 )) ( 12 ) (13) or CuH (35% yield (48)) see indie, 
refs.; from 3-chloro-4-aminotoluene [Beil. XII-989, XIIi-(436)] via diazotization followed 
by boilg. with ale. (60% yield (14)) or conversion to corresp. hydrazine and subsequent 
oxidn. with CUSO 4 (50% yield (15)) see indie, refs.; from 5-chloro-2>aminotoluene [Beil. 
XII-8351 with ale. H 2 SO 4 + ethyl nitrite (1) or by diazotization, reduction to the corresp. 
hydrazine, and oxidn. of latter with CUSO 4 (43-63% 3 aeld (15)) see indie, refs.: for fomm. 
of C from l-methylcyclohexanone-3 by conversion with PCI5 to 3-chloro-l-methylcyclo- 
hexene-a:, treatment with Br 2 , and boilg. with quinoline see (16); from 3-chloro-l-methyl- 
cyclohexadiene-1,3 [Beil. V-116] by conv. to dibromide and boilg. with quinoline see (17), 
from m-crcsol (1:1730) with PCU, or from tri-(7n-tolyl) phosphate at 210® see (18): for 
study of formn. of C by partial rearr. with AICI3 of o-chlorotoluene (3:8245) or p-chloro- 
toluene (3:8287) see (2).] 

[C with H 2 in pres, of Pd/CaCOa in alc./alk. soln. loses all its chlorine as HCl (19); G 
with H 2 in pres, of Pt in AcOH loses HCl, but no quant, data are given (20).] 

[C with CI 2 in pres, of Al/Hg yields (21) both 2,5-dichlorotoluene (3:6245) and 3,4- 
dichlorotoluene (3:6355) but no trace of any other isomers.] 

[C with Br 2 in CCI 4 at 60-80® in bright light ( 22 ) (23) or in CS 2 (23) or C at 130® with 
Br 2 directly (24) gives (55% yield (22)) ??i-chlorobenzyl bromide, m.p. 15-15.5®, b.p. 103- 
105® at 8 mm. ( 22 ), b.p. 108-111® at 10 mm. (24), * 1.5652 ( 22 ); C with Br 2 in CCI 4 

in pres, of A1 /Hg (25) or C with Br 2 in AcOH in pres, of HNO 3 or HNO 3 /H 2 SO 4 (26) gives 
both 6-bromo-3-chlorotoluene, b.p. 120-125° at 15 mm. (26), 100-103° at 15 mm. (25) 
(note disagreement!), and 4-bromo-3-chlorotolucne, b.p. 90-93° at 12 mm. (26).] — [C 
with Br 2 in pres, of Be yields (27) a:,i/-dibromo-3-chlorotoluene, m.p. 96.5°.] 

[C with AICI 3 + HCl gas as directed undergoes partial rearr. ( 2 ) to both o-chlorotoluene 
(3:8245) and p-chlorotoluene (3:8287); for anal, of mixtures of the three isomers see (2).] 
[C with AcCl + AICI 3 in CS 2 gives (60% yield (28)) 3-chloro-4-acetyltoluene (2-chloro-4- 
methylacetophenone), b.p. 260-262° at 760 mm. (28), b.p. 120-126® at 14 mm. (29), ac- 
companied (29) by some of the isomeric 3-chloro-6-acetyltoluene (4-chloro-2-methyl- 
acetophenone), b.p. 120-122® at 14 mm. (29). — C with chloroacetyl chloride (3:5235) + 
Aids in CS 2 gives (70% yield (33)) 3-chloro-6-(chloroacetyl)toluene (w,4-dichloro-2- 
methylacetophenone, m.p. 90® (33). — C with jS-chloropropionyl chloride (3:5690) -f 
AICI 3 in C^ gives (87% 3 deld (50)) (30) 3-chloro-6-08-chloropropionyl) toluene which 
on ring closure with cone. H 2 SO 4 gives (50) (30) 5-chloro-7-methylindanone-l, m.p. 71° 
(50) (30). — G with biphenyl-4, 4'-6w- (carboxylic acid chloride) -f AlCls yields (31) 4,4'- 
&is-(4-chloro-2-methylbenzoyI)-biphenyl (used in prepn. of bis-anthraquinonyl derivs.).] 

[C with trichloroacetonitrile 4* AICI 3 as directed (32) yields 4-chloro-2-methylbenzoic 
acid (3:4700).] 
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(For study of system: C 4* SbCls see (7)J 

[C with NHs 4- cat. as directed <34) <35) 3delds m^toluidine; C with aq. NaOH in pres, 
of Cu at 300-400® under press, yields (51) mixt. of o-cresol (1 : 1400), m-cresol (1 : 1730), and 
p-cresol (1:1410).! 

[C on mononitration, e.g., with 4 pts. HNO3 (Z) — 1.52) at 0®, gives a mixt. contg. (36) 
cf. (37) (13) (38) 59% 3-chloro-6-nitrotoluene [Beil. V-327, Vi-(162)], m.p. 24.9®, 4- 32% 
3-chloro-4-nitrotoluene [Beil. V-329, Vi-(163)], m.p. 24.2°, 4- 9% 3-chloro-2-nitrotoluene 
[Beil. V-327, Vi-(162)], m.p. 23,4°. — C on dinitration, e.g., with mixt. of 2 wt. pts. HNO3 
(D = 1.52) 4- 3 wt. pts. cone. H2SO4 at room temp, for 12-18 hrs. (13), gives (95.8% 
yield (13)) 3-chloro-4,6-dinitrotoluene [Beil. V-344, Vi-(168)], cryst. from ale. or Igr., 
m.p. 91® (13) (38) (39), 90-90.5® (52) (note that the isomeric 3-chloro-2,6-dinitrotoluene 
[Beil. Vi-(168)] (40), m.p. 77® (40), and 3-chloro-2,4-dinitrotoluene, m.p. 92° (41), are also 
knowa but prepd. by indirect means). — C on trinitration, e.g., by refluxing with 3 pts. 
HNO3 (49.4®B4) 4- 3 pts. H2SO4 (66®B<5) at 160® (42), yields 3-chloro-2,4,6-trinitrotoluene 
[Beil. V-349], cryst. from CeHe 4- Igr., m.p. 150-151® (52), 148.5® (42).] 

[C with Na followed by CO2 as directed give.8 (yields: 88% (43A), 58% (43B)) m-toluic 
acid (1:0705), m.p. 110-111®, also obtd. in small jdeld (44) from C 4* ale. KCN in pres, 
of NiCh, htd. in s.t. at 260-270® for 20 hrs.] 

[C with Cr02Cl2 gives a cpd. which with aq. gives (44.5% yield (45)) m-chlorobenzalde- 
hyde (3:6475).] 

C on oxidn. with K2Cr207 4- H2SO4 (14), with 5% aq. KMn04 (11) (46) or with dil. 
HNO3 in s.t. at 130-140® for 10 hrs. (15) gives (75% yield (46)) w-chlorobenzoic acid 
(3:4392). 

3-Cliloro-6-sulfonamidotoluene (4-chloro-2-methylbenzenesulfonainide): cryst. from 
dil. ale., m.p. 184-185° u.c. (47). [From C with CISO3H as directed (47) followed by 
treatment of the resultant 4-chloro-2-methylbenzene8ulfonyl chloride, cryst. from 
pet. eth., m.p. 52-53° u.c. (47), 54° (49) with (NH4)2C03.] 

8:8275 (1) Feitler, Z. physik. Chem. 4, 73-76 (1889). (2) Norris, Turner, J. Am. Chem. Soc. 81 ; 
2128-2131 (1939). (3) Kohlrausch, Pongratz, Monatsh. 63, 441 (1934). (4) Stuckey, Saylor, 

J, Am. Chem. Soc. 62, 2923 (1940). (5) Wibaut, Rec. trav. chim. 32, 286 (1913). (6) Rule, 

McLean, J. Chem. Soc. 1931 , 689. (7) Mcnschutkiii, J. Ritss. Phys.-Chem. Soc. 44, 1940 (1912); 
Cent. 1913 , I 805. (8) Haase, Ber. 26, 1053 (1893). (9) Seubert, Ber. 22, 2520, 2522 (1889). 

(10) von Auwers, Ann. 422, 164 (1921). 

( 11 ) Bornwater, Hollemau, Rec. trav. chim. 31 , 223-224 (1912). (12) Wibaut, Rec. trav. chim. 
82 , 286 (1913). (13) R6verdin, Cr6pieux, Ber. 33 , 2.505-2507 (1900). (14) Wroblewski, Ann. 

168 , 200 (1873). (15) Wynne, J. Chem. Soc. 61 , 1047-1049, 1058-1059 (1892). (16) Klages, Ber. 
32 , 2567-2569 (1899). (17) Klages, Kiioevonagel, Ber. 27, 3021-3023 (1894). (18) Autenrieth, 

Geyer, Ber. 41 , 156-157 (1908). (19) Busch, Stove, Ber. 49 , 1069 (1916). (20) Willstatter, 

Hatt, Ber. 45 , 1477 (1912). 

(21) Cohen, Dakin, J. Chem. Soc. 79 , 1117-1118 (1901). (22) Jenkins, J. Am. Chem. Soc. 
55 , 2897 (1933). (23) Sampey, Fawcett, Morehead, J. Am. Chem. Soc. 62 , 1839-1840 (1940). 

(24) Thomson, Stevens, J. Chem. Soc. 1932 , 62. (25) Cohen, Smithells, J. Chem. Soc. 165 , 1911- 

1912 (1914). (26) Varma, Sahay, J. Indian Chem. Soc. 11 , 293-294 (1934). (27) Pajeau, Compt. 
rend. 262 , 1796 (1936). (28) Ganguly, LeFevre, /. Chem. Soc. 1934 , 851. (29) Mayer, Albert, 

SohOn, Ber. 65 , 1297-1299 (1932). (30) Mayer (to I.G.), Ger. 515,110, Jan. 15, 19‘31; Cent. 1931 , 

II 908. 

(31) I.G., Brit. 394,995, Aug. 3, 1933; Cent. 1933 , II 2753. (32) Houben, Fischer, Ber. 64 . 
2649 (1931). (33) Kunckell, Ber. 41 , 2648 (1908). (34) Federal Phosphorus Co., Brit. 370,774, 
May 6, 1932; Cent. 1932 , II 1237. (35) Booth (to Swann Research, Inc.), U.S. 1,954,469, April 

10, 1934; Cent. 1934 , II 1846. (36) Wibaut, Ree. trav. chim. 32 , 286-309 (1913). (37) Fry, J. Am. 
Chem. Soc. 38 , 1327-1333 (1916). (38) R6verdin, Cr5pieux, Btdl. soc. chim. (3) 23 , 838-839 
(1900). (39) Sane, Joshi, J. Indian. Chem. Soc. 5, 300 (1928). (40) Lindemann, Pabst, Ann. 
462 , 43 (1928). 

(41) Brady, Bowman, J. Chem. Soc. 119 , 896-897 (1921). (42) R^verdin, Dresel, D51etra, 
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bleikner. J. Am. Chem. Soc. 68, 754:-765 (1936). {43B) Morton, Stevens, J. Am, Chem, 8oe, 
63, 4031-4032 (1931). (44) Siebodsinski, J. prakt, Chem. (2) 143, 119 (1935). (45) Law. Perkin, 

J. Chem. Soc. 93, 1636 (1908). (46) Koopal, Rec. trav. chim. 34, 144 (1915). (47) Huntress. 
Carten, J. Am. Chem. Soc. 62, 512-513 (1940). (48) Neogi, Mitra, J. Chem. Soc. 1928, 1332. 

(49) I.G., Brit. 281,290, Nov. 22, 1927; French 644,319, Oct. 5, 1928; Cent. 1929, II 362. (50) 
Mayer. Mttller, Ber. 69, 2281-2283 (1927). 

(51) Britton (to Dow Chem. Co.), U.S. 1,996,744, April 9, 1935; Cent. 1936, II 1962, (52) 
Qvist. Moilanen, Acta Acad. Aboensie, Math, et Phye. 14, No. 3, 9 pp. (1943); Cdn/. 1943, II 1268- 
1269; C.A. 38, 6491 (1944). 


3:8885 3-CHLOROPROPANOL-l 

CH 2 .CH 2 .CH 2 OH CsHtOQ 

Beil. I - 356 

(Trimethylene chloro- 


Ii-(180) 

hydrin, 7 -chloro-n- 


Cl 

l2-(370) 

propyl alcohol) 




B.P. 





160-162® cor. 


< 1 ) < 10 ) 

= 1.1318 (9) 

> 1.44693 (2) 

160.0-160.3° at 734.1 mm. 

( 2 ) 

1.1309 (2) 

1.4469 (9) 

158.6-161.0® at 

734 mm. 

<3) 

1.1263 (7) 

1.448 (7) 

158-159® 


(4) 



74-76® at 

23 mm. 

<5) 

= 1-129 ( 10 ) 


66 . 0 - 66 . 2 ® at 

16 mm. 

( 6 ) 



63-64® at 

16 mm. 

<7) 



64-66® at 

14 mm. (77) 



60-64® at 

10 mm. 

( 8 » 



53® at 

6 mm. 

( 2 ) 




Colorless oil with agreeable odor; undergoes partial decompn. on distn. at ord. press. — 
Very sol. aq. but not miscible with it. 

[For prepn. of C from propanediol-1,3 (trimethylene glycol) (1:6490) with HCl gas 
(50-60% yield ( 8 )) (4) (7) ( 11 ) ( 12 ) (13) ( 1 ), with cone. HCl (yield: 34% (14), 28% (15), 
15% (16)) (some 1,3-dichloropropanc and other prods, arc also formed), with SOCI 2 (50- 
60% yield (77)), or with S 2 CI 2 (yields: 68 % (5), 60% (16)) (17) see indie, refs.; for formn. 
of C from 7 -chloro-n-propyl acetate (see below) by alcoholysis with MeOH/HQ (85% 
yield (18)) or from 7 -chloro-n-propyl tnchloroacetate (9) by hydrol. with aq. KOH at 35® 
(9) see indie, refs.; for manuf. from ethylene -h formaldehyde HCl Zn( 3 l 2 see (19).] 

C on oxidn. with cone. HNO3 gives (yields: 78-79% (20), 54-56% (21), 30-40% (13)) 
jS-chloropropionic acid (3:0460) (note that the presumably intermediate /3-chloropropion- 
aldehyde (3:5576) is best obtd. by other means). 

[C with HBr gas ( 22 ), on distn. with 48% HBr (yield: 75-85% (22), 40% (11)), with 
HBr H- H 2 SO 4 (yield: 89% (23)), or with PBrs (94% yield ( 11 )) gives l-bromo-3-chloro- 
propane (trimethylene chlorobromide) [Beil. 1-109, Ii-(36), l 2 -( 75 )], b.p. 142-145®, Dft = 
1.4718 (24), nif — 1.4732 (24) ; for study of rate of reactn. of C with HBr in phenol see (26).] 

[C refluxed with wt. cone. H 2 SO 4 gives (10-15% yield (26)) 5t«- ( 7 -chloro-n-propyl) 
ether, b.p. 215® at 745 mm., Dig = 1.140 (26). — C with SO 2 CI 2 gives ( 68 % yield (27)) 
7 -chloro-n-propyl chlorosulfonate, b.p. 85® at 4 mm., Dg® = 1.456 (27). — C with SOCI 2 
gives (70% 3 rield (27)) sym.- 6 i>- ( 7 -chloro-n-propyl) sulfite, b.p. 161-162® at 13 mm., 
Dj®_= 1.313 (27).] 

[C with COCI 2 (3 : 5000) directly (28) or in toluene (29) gives (43% yield (29)) 7 -chloro-n- 
propyl chloroformate (3:6895); C with trichloroacetic acid (3:1150) gives (57% yidd 
(9)) 7 -chloro-n-propyl trichloroacetate, b.p. 107® at 8 mm., D 4 ® =* 1.4732, np *= 1.4830 (9); 
for formn, of other esters (as derivs.) see below.] 
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[Other reactns. involving only the OH group of C include the following: C with acetylene 
-f- BF 3 ■+• HgO gives (38% yield (30)) ethylidene 6 w-( 7 -chloro-n-propyl)acetal, b.p. 127- 
129® at 14 mm. (30); C with benzonitrile 4* HCl gas in ether gives (31) 7 -chloro-n-propyl 
iminobenzoate hydrochloride; C with /S-acetobromglucose + Ag 2 C 08 yields (32) tetra- 
acetylHS-d-( 7 -chloro-n-propyl)glucoside, m.p. 74® (for extension to prepn. of corresp. 
xyloside, galactoside, and lactoside see (32)).] 

[C with solid KOH loses HCl on htg. gi^dng (16) (7) (10) ( 1 ) 1,3-epoxypropane (tri- 
methylene oxide) [Beil. XVII- 6 , XVIIi-(3)], b.p. 47.8® at 760 mm., * 0.8930, ng » 
1.3897 (16) (for study of rate of reactn. see (33)).] 

[C with NaOEt in abs. ale. reacts vigorously giving (38% yield (34)) ethyl 7 -hydroxy-n- 
propyl ether (trimethylene glycol monoethyl ether) [Beil. 1-476, Ii-(247)], b.p. 160-161® 
(34), 162.1-162.2®, 2^® = 0.91691, nf? « 1.41666 (35), accompanied by some trimethylene 
glycol diethyl ether, b.p. 140® (34). — C with NaSH as directed gives (70-80% yield (34)) 
7 -hydroxy-n-propyl mercaptan, b.p. 85-90® at 15 mm. (Hg mercaptide = Hg (SCH 2 CH 2 - 
CH 20 H) 2 , pi- from butanol, m.p. 132-134® (36). — C with aq. Na 2 S gives (36) bis-iy 
hydroxy-n-propyl) sulfide, vise, oil which could be neither distd. nor crystd. but which 
with phenyl isocyanate gave the corresp. 6 is-(phenylcarbamate), m.p. 146-148® (36). — 
C with NaSCHa in ether gives (76% yield (42)) 7 -hydroxy-n-propyl methyl sulfide, b.p. 
105-105.5® at 30 mm. (42). — C with benzyl mercaptan in ale. gives (88% yield (43)) 
benzyl 7 -hydroxy-n-propyl sulfide, b.p. 185® at 19 mm. (43).] 

[C in alk. medium reacts with phenols yielding corresp. subst. alcohols; e.g., C with 
phenol -I- ale. NaOEt (75% yield (37)) or C -h phenol -f aq. NaOH (80% yield (38) (39)) 
pves 3-phenoxypropanol-l, b.p. 158-160® at 25 mm., ni? * 1.491 (37) which with ZnCh 
at 215® loses aq. and ring-closes (37) to chromane [Beil. XVII-52, XVIIi-(22)]; for corresp. 
reactn. with o-cresol (40), with m-cresol (41), p-cresol (41), /3-naphthol (40), or resorcinol 
(40) see indie, refs.] 

[C with prim, or sec. amines splits out HCl yielding corresp. subst. aminoalcohols: e.g., 
for reactn. of C with aniline -f anhydrous Na 2 C 03 giving (67.5% yield) 3-(iV-phenyl- 
amino)propanol-l (iV- ( 7 -hydroxy-n-propyl )aniline), b.p. 192® at 30 mm., — 1.063, 
n?? * 1.502, see (44); for analogous reactn. of C with p-toluidine see (45); for C with oc- 
tetrahydro-^-naphthylamine see (46); for C with various sym. aliphatic sec. amines see 
(47) (55); for C with morpholine giving (75% yield) 3-(morpholino)propanol-l, b.p. 147- 
149® at 21 mm., no *= 1.4743, nf? = 1.4762, see (76); for C with piperidine see (48) (56).] — 
[C with icr-amines yields corresp. quat. ammon. salts: e.g., C with (CH 3 ) 8 N in CeHe in 
s.t. at 100® for 8 hrs. gives (92% yield (49)) 7 -homocholine chloride, m.p. 173® (49); C 
with pyridine gives (85% yield (50)) 7 -hydroxy-n-propyl pyridinium chloride, oil.] — 
[For reactn. of C with arsamlic acid (p-aminobenzenearsonic acid) (51), with p-hydroxy- 
benzenearsonic acid (52), with ethyl jS-methylaminopropionate (53), or with various 
carbazole derive. (54) see indie, refs.] 

[C with 1 mole thioure^ htd. at 120-125® yields (57) > 8 - ( 7 -hydroxy-n-propyl )isothiourea 
hydrochloride, cryst. from butanol, m.p. 130® (57); C with dry sodium p-toluenesulfonamide 
htd. at 160-170® for 18 hrs. yields (58) A/"- ( 7 -hydroxy-n-propyl )-p-toluenesulfonamide 
as an oil.] 

[For study of rate of reactn. of C with KI in acetone at 35® and 45® see (39); for reactn. 
of C with NasAsOa see (5).] 

7 -Chloro-n-propyl acetate [Beil, IIi-(48), Il2-(139)]: liq., b.p. 168-169® (59), 

165-166® (60), 88-90® at 22 mm. (61), 66 ® at 14 mm. (17), 62-63® at 10 mm. (7) 
Bil - 1.1105 (7); ni} * 1.431 (7). [From C -f AcCl (yields: 90% (60), 87% (16)) 
(7) (62), from 1,3-dichloropropane (3:5450) with AgOAc (53% yield (61)), or from 
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trimethylene c^ycol (1:6490) with AC 2 O + 82CI2 (68% yield <17)).] [This acetate 
with solid KOH loses HO Ac giving (16) (7) (61) 2,3-epoxypropane (trimethylene oxide) 
(see above).] 

7 -Chloro-n-propyl benzoate: oil, b.p. 154r-156® at 22 mm. (31), 156-156® at 16 

mm. (4), 133-134® at 2 mm. (39), = 1.1672 (31), nf? 1.5136 (31). [From 0 + 

BzCl (yields: 84% (39), 75% (4)) or from 7 -chloro-n-propyl iminobenzoate hydro- 
chloride (see above) by hydrol. (31).] — [For reactn. of this ester with pyrrolidine (63), 
pyrroline (63), piperidine (56), subst. piperidines (64) (65) ( 68 ), hydrogenated quinolines 
( 66 ), or with AT-methyl-phenyl-alkylamines (67) see indie, refs.] 

7 -Chloro-n-propyl ^-nitrobenzoate: oil, b.p. 168.5-169.5® at 2 mm., £^5 = 1.3222, 

n|> = 1.54736 (67). [From C + p-nitrobenzoyl chloride on htg. (67).] 

® 7 -Chloro-n-propyl 3,6-dinitrobenzoate: colorless pi. from It. pet., m.p. 77® (17). 
[From C -h 3,5-dimtrobenzoyl chloride (17).] 

7 -Chloro-n-propyl hydrogen phthalate: unreported. 

7 -Chloro-n-propyl hydrogen 3-nitrophthalate: unreported. 

7 -Chloro-n-propyl benzenesulfonate: unreported. 

7 -Chloro-n-propyl j>-toluenesulfonate: oil, b.p. 216-219® at 17 mm. (69), 188-192® 

at 5 mm. (24), Dt® = 1.2674 (69), = 1.2396 (24), nf? = 1.5230 (69), nf} = 1.5225 

(24). [From C + p-toluenesulfonyl chloride on htg. (69) or with aq. NaOH at 15® 
(50-55% yield (24)).] — [For reactn. of this ester with RMgX cpds. see (69) (24), 
with various sodium acetylenes see (70).] 

7 -Chloro-n-propyl carbamate: pearly cryst. from hot. aq., m.p. 62® (29). [From 

C with urea nitrate (2 moles) on htg. at 130-135® (16% yield (29)) or from 7 -chloro-n- 
propyl chloroformate (3:6010) with cone. aq. NH 4 OH (29).] 

7 -Chloro-n-propyl (phenyl )carbamate: ndls. from ale., m.p. 38® (29), m.p. 

35-36° (28), b.p. 190® at 3.5 mm. (28). [From C + phenyl isocyanate at 150® (29) 
or from 7 -chloro-n-propyl chloroformate (3:6010) with aniline (29).] 

7 -Chloro-n-propyl JV-(^-nitrophenyl)carbamate: unreported. 

® 7 -Chloro-n-propyl ^-(a-naphthyl)carbamate. cryst. from hot Igr., m.p. 76® (71) (17), 
76.5° (9), 75.5-76.5° (28), [From C -h a-naphthyl isocyanate (71).] 

® iV-( 7 -Hydrozy-n-propyl)phthalimide [3-(^-phthalimido)propanol-l] [Beil. XXI- 
472]: cryst. from aq., m.p. 75®* (72), 74® (73), 88 ® (74). [From C -f K phthaUmide at 
190° (73); also indirectly as cited in other indicated refs.] 

® N- ( 7 -Hydroxy-n-propyl )tetrachlorophthalimide [3- (iV-tetrachlorophthalimido )prop- 
anol-1)]: pr. from acetone, m.p. 165-166® (75). [From C with K tetrachlorophthali- 
mide as directed (75).] 

3:8285 (l) Reboul, Ann. chim. (5) 14, 493-496 (1878). (2) Karvonen, Ann. Acad. Sci. Fennicae 

A-3, No. 7, 1-103; Cent. 1912, II 1271; C.A. 14, 2175-2176 (1920); Ann. Acad. Sci. Fennicae 
ArS, No. 6, 120. (3) Kohlrausch, Ypsilanti, Z. physik. Chem. B-32, 414 (1936). (4) Zaki, J. 
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Soc. 4d» 2879 (1924). (22) Allen, Org. Syntheses, Coll. Vol. 2 (2nd ed.), 157, Note 2 (1941); Coll* 
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B.P. 

163.5^ cor. 
162.4® 


162,3® at 

162.0- 162.2® cor. 
162-163® 

161.98-161.99® at 
161.7-162.2® cor.at 

161.5- 161.9® at 

161.0- 161.4® 

160.6- 161.2® 

162.1® U.C. at 


764 mm. (1) 
760 mm. (2) 
(3) 

766.4 mm. (4) 

(5) 

( 6 ) 

760 mm. (7) 
769.9 mm. (8) 
760 mm. (9) 
( 10 ) 
( 11 ) 

766 mm. (12) 



CjHjCl Bett. V - 292 

Vi-(160) 


Vs- (226) 

M.P. 


+7.8® 

(8) 1^* = 1.066 (16) 


7.6° (14> <15) (16) = 1.61896 <9) 

= 1.0661 (21) 

7.4° (17) (4) = 1.61926 (21) 

7.16-7.30° (7) = 1.0700 (9) 

7.1° (18) 1.06974 (17) 

7° (6) (19) 1.069 (21) 

6.86° (12) = 1.631 (21) 

6.86° (20) See also 

Note 3. 

See also Note 2. n}? * 1.6223 (22) 
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65.67® 

at 

16 mm. (3) 

fii? » 1.5321 (12) 

64.28® 

at 

16 mm. (3) 

See also Note 4. 

62.86® 

at 

14 mm. (3) 


48® 

at 

12 mm. (13) 


46.5® 

at 

12 mm. (14) 


44® 

at 

10 mm. (15) 



See also Note 1. 

Note 1. For further data on b.p. of C at 16 pressures from 74-764 mm. see (4). 

Note 2. For effect of press, on m.p. see <20). 

Note 3. For data on M from < = 25° to t = 160° ge6 <16) (4); note also - 1.0714 

< 8 ). 

Note 4. For njo/compn. data on system; C + o-chlorotoluene (3:8245) see (22). 

C with aq. forms a const.-boilg. mixt., b.p. 96® (use in sepn. of C from polychlorotoluenes 
(23y). — For f.p./compn. data on system: C -f <Mjhlorotoluene (3:8245) (eutectic, f.p. 
-49.8®, contg. 27 wt. % C) see <8) (147); for /)2o/compn. data (8) and for nn/compn. 
data (22) on this system see indie, refs. — For f.p./compn. data on systems of C with 
p^hromotoluene or with p-fimrotoluene see (19). — For data on const.-boilg. mixts. of C 
with various org. cpds. see Beil. V2-(227). — For cryoscopic constant (i e., lowering of f.p. 
per mole solute per 1000 g. C) viz., 5.53 (12), 5.6 (24), 5.97 (25), see indie, refs.; for use in 
detn. of C in mixt. with o-chlorotolucne (3:8245) and m-chlorotoluene (3:8275) see (25). 

[For prepn. of C from p-toluidine via diazotization in HCl and warming the resultant 
solution as such (yields: 60% (26), 40-44% (27)) (28) or in pres, of CU2CI2 (yields: 95% 
(33), 88-89% (29), 81% (31), 70-79% (30), 63.5% (32)) [for study of kinetics of this 
reaction see (34) (35)], or in pres, of Cu powder (63.8% yield (36)), or in pres, of CuH 
(64% yield (37)), or by electrolysis between Cu electrodes in pres, of CuCb (38) see indie, 
refs.; for prepn. of C from p-toluidine via diazotization, conversion to solid p-toluenedia- 
zonium chloride, and subsequent warming with CeH® -f AICI3 (39), or via diazotization, 
conversion of diazonium salt to its cpd. with PbCU, and subsequent htg. of latter in naphtha- 
lene at 150® (40), see indie, refs.] 

[For formn. of C (usually together with other prods.) from toluene (1:7405) with 0^2 
(70) in pres, of Fe in diffuse light in cold (8) (gives mixt. contg. 42% C -f 68% o-chloro- 
toluene (3:8245) (8) (22)), or in pres, of I2 (22) (41) (42), or in pres, of PbCb (8), SbCU 
(41), Mods (43) (28) (44), or Al/Hg (45); for formn. of C from toluene by electrolysis 
in strong HCl (46) or in AcOH/conc. HCl in dark (47) see indie, refs.; for formn. of C 
from toluene with SC)2Cl2 at 160® (48), with SO2CI2 in pres, of various cat. in dark (49), 
with SO2CI2 4- AICI3 -h S2CI2 at 70° (50), with pyrosulfuryl chloride -f AICI3 at 0® (51), 
with HCl -f HNO3 at 100® (52), with n-butyl chlorosulfonate -f- AICI3 (6.2% yield (53)), 
with anhydrous FeCl3 after refluxing 1 hrs. (65% yield (54)), or with NCI3 (55) see indie, 
refs.] 

[For formn. of C from o-chlorotoluene (3:8246) or m-chlorotoluene (3:8275) by partial 
rearr. with AICI3 + HCl gas see (25); from tetra-(p-tolyl)tin with CI2 in CHCI3 (85% 
yield (6)) or from tri-(p-tolyl) stibine dichloride on htg. under 5-7 mm. press, at 60-65° 
(56) (note that at 160-200® di-p-tolylstibine chloride is formed (56)) or from tri-(p-tolyl)- 
phosphite dichloride by htg. at 200-210° (57) see indie, refs. ; from p-tsolyl MgBr in ether 
with CI2 (68) or with benzenesulfonyl chloride (59) see indie, refs.; from p-toluenediazo- 
piperidide with cone. HCl see (60); from p-chlorobenzaldehyde (3:0765) on elec, reduction 
in acid soln. with Cu cathode see (61); from chlorobenzene (3:7903) via condensation 
with CH2O + HCl to p-chlorobenzyl chloride (3:0220) and subsequent reductn. with 
Zn + NaOH see (62).] 
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IC on pyrolysis over red-hot Pt yields (63) mainly 4 , 4 '-dichlorodiben 2 yl (l, 2 - 6 i»-(p- 
chlorophenyl)ethane [Beil. V-600, Vi-(281), V2-(607)], colorless Ifts. from ale., m.p. 112 ®, 
accompani^ by a very small amt. 4,4'-dichloro8tilbene (l,2-6i«-(p-chlorophenyl)ethylene) 
[Bed. Vi.(304), V 2 -( 539 )], ndls. from ale., m.p. 170®.] 

[C with H 2 in pres, of Pd/CaCOs (64) or reduced Ni (65) in alc./alk. soln. loses all its 
halogen as HCl; C with Na in liq. NH 3 as directed ( 66 ) yields toluene and other prods.; 
C with HI 4 - P in s.t. at 302® for 5 hrs. gives (80% yield (67)) toluene.] 

C on oxidn. with 3 pts. KMn 04 in dil. aq. soln. under reflux for 4-5 hrs. ( 68 ) (51), or with 
CrOs (42), or with dil. HNOs, e.g., with 6 pts. of dil. HNO 3 (1 vol. cone. HNOs + 2 vols. 
aq.) at 145® for brs. (69) or at 115-120® for 5-6 hrs. (70), yields p-chlorobenzoic acid 
(3:4940), m.p. 243® (for use in qflant. estn. of C in pres, of toluene, benzyl chloride, and 
o-chlorotoluene see (70)). — Note that with HNO 3 C is more rapidly oxidized than 0 - 
chlorotoluene, m-chlorotoluene, or the various dichlorotoluenes but more slowly than p- 
bromotoluenc (69). — C on oxidn. with air at 260® in pres, of Na 2 C 08 and under press. 
(71 ), or on vapor-phase oxidn. over suitable cat. (72), or on electrolytic oxidn. in dil. Na^COa 
soln. at 60® (73) cf. (74), or even on very long stdg. (2 years) with I 2 + aq. in sunlight (75) 
gives p-chlorobenzoic acid. — C with N 2 O 4 yields (76) 2 >-chlorobenzoic acid accompanied 
by nitration prods. 

[C with chromyl cliloride (Cr 02 Cl 2 ) yields an addn. prod, which with aq. gives in good 
yield (77) p-chlorobenzaldehyde (3:0765). — C with air in aq. susp. of FeO.OH -h cat. at 
235-240® and 50-60 atm. press, gives (78) a mixt. of p-chlorobenzaldehyde (3:0765) ■+• 
p-chlorobenzoic acid (3:4940).] 

[C with CI 2 or on htg. with PbCl 4 . 2 NH 4 Cl or with SO 2 CI 2 in pres, of dibenzoyl peroxide 
in dark 3 delds p-chlorobenzyl chloride (3:0220), q.v. for relevant refs. — C with 2 moles 
CI 2 in pres, of 5% PCla at 160-170® gives (79) (80) 2 >-chlorobenzal (di)chloride (3:6700). — 
C with 3 moles CI 2 at high temp, in u.v. light (81) cf. (82) or with 3 moles CI 2 (83) in pres, 
of FeCls (84) or of PCU (85) ( 86 ) gives (93% yield (85)) p-chlorobenzotrichloride (3:6825) 
q.v. — C with CI 2 (1 mole) in pres, of 1 % Fe or 40% PbCU at 20 ° gives (65% yield (87)) 
a mixt. comprising 58.4% 2,4-dichlorotoluene (3:6290) + 41.6% 3,4-dichlorotoluene 
(3; 6355).] 

[C with Bra at 130° ( 88 ) or at 160® (89) (90) or in pres, of dibenzoyl peroxide in dark at 
100° (91) gives (21% yield (90)) exclusively (91) p-chlorobenzyl bromide [Beil. V-307, 
V2-(239)], cryst. from MeOH, m.p. 62-63® ( 88 ), ndls. from 85% ale., m.p. 50® (90), 51® 
(79), 48.5® (89); for study of rate of side-chain bromination of C in CS 2 at 57® see (92). — 
6 with 2 moles Bra in pres, of BeBra (93) or in AcOH fumg. HNO3 + fumg. H 2 SO 4 (94) 
gives p-chlorobenzal (di)bromide, m.p. 99® (93).] 

[C with AICI3 -f- HCl gas as directed (25) undergoes partial rearr. to both o-chlorotoluene 
(3:8245) and ?n^hlorotoluene (3:8275); for anal, of mixts. of the three isomers see (25).] 

[C with AcCl (95) or better AcaO (96) (97) -f- AlCls in CS 2 (98) gives (yields: 85% in 
4 hrs. (97), 65% (98), 34% in 2 hrs. (96)) 2-chloro-5-methylacetophenone [Beil. VII-307], 
b.p. 245.8-246.0® at 760.1 mm. (96), nfj « 1.5419 (96). — C with /3-chloropropionyl 
chloride (3:5690) -f Aids in CS 2 gives (87% yield (99)) ( 100 ) 4-chloro-3-05-chloropro- 
pionyl) toluene, oil, which on ring closure with cone. H 2 SO 4 gives (72% yield ( 99 )) ( 100 ) 
7-chloro-4-methylindanone-l, cryst. from MeOH, m.p. 128® (99) ( 100 ). — C with trichloro- 
acetonitrile Aids (4 moles) at 80-90® satd. with HCl gas for 2 da 3 rs gives only 5% yield 
(101) of a mixt. of 2-chloro-5-methyl- and 5-chloro-2-methyl-ci),a),ci>-trichloroacetophenoneB.] 
[0 with oxalyl (di)chloride (3:5060) - 1 - Aids in CS 2 for 20 hrs. at room temp, gives 
(40% yield (102)) 2-chloro-5-methylbenzoic acid (6-chloro-3-methylbenzoic acid) (3:4615), 
cryst. from aq., m.p. 163-166® ^102), accompanied by some dichlorodimethyl-benzophenone, 
m.p. 70®, whose structure was not detd. — C with fumaryl (di)chloride (3:5875) + Aids 
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in CSi at 50-60® for 2 hrs. gives (25% yield {103)) 5t8-l,2-(2-chlorc^5-methylbenzoyl)- 
ethylene, pale yel. cryst. from ale., m.p. 158® (103).] 

[C with benzoyl chloride + AICI3 in CS2 gives (50% yield (98)) (104) <105) 2-chloro^ 
methylbenzophenone (6-chloro-3-methylbenzophenone) [Beil. VIIi-(235)], cryst. from 
AcOH, m.p. 35-36® (98) (104) (105), together with 5-chloro-2-methyl-(3-chloro-6-methyl)- 
benzophenone (Beil. VIIi-(235)l, oil, b.p. 210® at 30 mm. (106). — C with o-chlorobenzoyl 
chloride (3:6640) -f- AICI3 in CS2 gives (106) 5,2^-dichloro-2-methylbenzophenone [Beil. 
VIIr(235)l, oil, b.p. 225® at 12 mm. (106).l 

[C with phthalic anhydride (1 : 0725 ) + AlCla gives (62.5% yield on the phthalic anhydride 

(107) ) o-(2-chloro-5-methylbenzoyl)benzoic acid, ndls. from CeHe, m.p. 164-165® (107), 
165® (108), which with cone. H2SO4 at 75® for 4 hrs. (108) or with 8 pts. fumg. H2SO4 
(20% SO3) (107) ring-closes to give (yields: 93% (107), 85% (108)) l-chloro4-methyL 
anthraquinone [Beil. VII-809, VIIi-(421)], yel. ndls. from AcOH or ale., m.p. 164® (107) 

(108) . — Note that the structure of the above keto acid, m.p. 164-165®, has been definitely 
established (109) as shown and that it is rkrf the isomeric o-(5-chloro-2-methylbenzoyl)“ 
benzoic acid, which appears to be still unreported. — For reactn. of C with 3,6-dichloro- 
phthalic anhydride (3:4860) (110) or with pyromellitic anhydride (111) in pres, of AICI3 
see indie, refs.] 

[C does not (112) react with 5fs-(chloromethyl) ether (3:6245), but C with formalin -|- 
conc. HCl yields (62) 4-chloro-3-(chloromethyl)toluene since on reductn. writh Zn -f- NaOH 
the prod, gives 4-chloro- 1,3-dime thylbenzonc (3:8665). — C with aq. vapor + CO over 
suitable cat. at 300-400® yields (113) p-toluic acid (1:0795). — C with NH3 -4* CO over 
suitable cat. as directed (114) yields p-toluidine (see also below). — C wdth S2CI2 + AICI3 
in CS2 gives (115) 4,5-dichloro-l,8-dimethylthianthrene, m.p. 195-197® (115).] 

[C with Li in ether gives (63% yield (116)) p-tolyllithium; C with Li at 150® followed 
by treatment with aq. gives (117) toluene 4,4' dimethylbiphenyl. — C with Na in CeHe 
treated with CO2 at ord. temp. (118) (119) or at 50® and 500 lbs. press. (120) cf. (121) 
gives (yields: 95% (120), 76% (121)) p-toluic acid (1:0795), m.p. 178®. — C with Na 
treated with benzophenone as directed (122) yields diphenyl-p-tolyl-carbinol [Beil. VI-722, 
VIi-(355)], m.p. 72-73°.] 

[C on hydrolysis with aq. vapor over silica gel contg. 3% finely divided Ni at 380® (123), 
or writh aq. vapor over cat. at 480® (124), or with aq. Na2C03 in pres, of Cu at 300® \mder 
press. (125), or with 15-20% aq. NaOH at 300® (126) gives (80% yield (123)) p-cresol 
(1 : 1410). Note, however, claim (127) that C w^hen hydrolyzed with 15% aq. NaOH in 
pres, of Cu for 2 hrs. at 315-320® yields prod, contg. not only p-cresol (1 : 1410) but also 
?n-cresol (1 : 1730) (for extensive study of hydrolysis of C as means of prepn. of m-cresol 
see (147)). — C with H2S at 700® over suitable cat. yields (128) thio-p-cresol (p-tolyl- 
mercaptan).] 

[C with aq. NH4OH + CuO at 160-250® under press. (129) or C + aq. NH4OH -f Cu 
salts + various anti acids at 225-230® under press. (130) (131) yields p-toluidine and/or 
di-p-tolylamine. — C with KNH2 in liq. NH3 (132) or Na in liq. NH3 (66) yields*p toluidine. 
— Note that C does not react with aq. sodium sulfanilate -f Na2C03 (dif. from benzyl 
chloride (3:8535) and use in sepn. of C from latter (8)).l 

[C on mononitration yields a mixt. contg. both 4’<hloro-2-mtrotolvme [Beil. V-327, 
Vi-(162), V2-(261)], m.p. 38.2® (133), 37-38® (10), 37® (29) (22), b.p. 239.5-240® at 718mm. 

(134) , 115.5® at 11 mm. (22) (easily volatile with steam, but not reacting with piperidine 
even after 8 hrs. at 100® (10)), and 4-chloro-S-nitrotoluene [Beil. V-329, V2-(252)], m.p. 7® 

(135) , 5.8® (133), b.p. 260® at 745 mm. (135), 118® at 11 mm. (22) (reacts readily with 
piperidine at 100° (10)); e.g., C added in 2 equal portions to 3 wt. pts. HNO3 {D « 1.5) 
at 0® gives 88% yield of mixt. contg. 58.8% 4-chloro-2-nitrotoluene + 41.2% 4-chloro<6- 
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nitrotoluene (10). — For further studies of mononitration of C with HNO 3 + H 2 SO 4 or 
with HNOs + AC 2 O + P 2 O 6 see (29) (136), for influence of temperature (at -15® pro- 
portion of 4-chloro-2-nitrotoluene is slightly increased) see (10) (133).] 

C on direct dinitration, e.g., with 3 wt. pts. fumg. HNO 3 {D — 1.47), gives (134) a prod, 
now regarded (137) as 4-chloro-2,6-dinitrotoluene [Beil. V-344], yel. ndls. from ether, m.p. 
76® (134), 76-77® (137). — [The three other possible dinitro-4-chlorotoluenes are now all 
known but have been prepd. indirectly; viz., 4-chloro-2,3-dinitrotoluene, lemon-yel. pr. 
from CeHe +llt. pet., m.p. 106.5® (138); 4-chloro-2,5-dinitrotoluene [Beil. V-344, Vi-(168), 
V2-(263)], yel. pr. from Igr., m.p. 107®; and 4-chloro-3,5-dinitrotoluene [Beil. V-345, Vi- 
(169), V2-(264)J, pale yel. ndls. from ale., m.p. 115-116® (139), 116® (140).] 

[C on monosulfonation, e.g., by htg. with 3 pts. 100% H 2 SO 4 at 100® (141) (142) cf. 
(143) (28), 3 delds mainly 4-chlorotoluenesulfonic acid-2 [Beil. Xl-88] (corresp. sulfonyl 
chloride (144), m.p. 24® (142), see also below; corresp. sulfonamide, m.p. 145® (144), 142® 
(142), see also below; corresp. sulfonanilide, m.p. 144® (142)), accompanied by some 4- 
chlorotoluenesulfonic acid-3 [Beil. XI-95] (corresp. sulfonyl chloride, m.p. 56® (142), corresp. 
sulfonamide, m.p. 156° (142), corresp. sulfonanilide, m.p. 188® (142)). — C sulfonates 
much less readily than the isomeric o-chlorotoluene (3:8245); for use of this means of 
separation of C from the latter see (8) (145).] 

(0 4-Chlorotoluenesulfonamide-2 (6-chloro-2-methylbenzenesulfonamide-l): cryst. 
from dil. ale., m.p. 142-143° u.c. (146). [From C with CISO3H in CHCI3 as directed 
(146) followed by conversion of the intermediate 4-chlorotoluene8ulfonyl chloride-2 
cryst. from pet. ether, m.p. 21°, to the sulfonamide with (NIl 4 ) 2 C 03 or NH4OH (146).] 

8:8287 (1) Sugden, J. Chem, Soc. 125, 1175 (1924). (2) Leoat, Rec. trav. chim. 46, 245 (1927). 

(3) von Hechenberg, J. jyrakt. Chem. (2) 101, 117 (1920). (4) Feitler, Z. phystk. Chem. 4, 78-79 

(1889). (5) Perkin, J. Chem. Soc. 69, 1203 (1896). (6) Bost, Baker, J. Am. Chem. Soc. 55, 

1112 (1933). (7) Stuckey, Saylor, J. Am. Chem. Soc. 62, 2923 (1940). (8) Wahl, Normand, 

Vermeylen, BuU. see. chim. (4) 31, 579-583 (1922) ; Compt. rend. 174, 948 (1922). (9) Mathews, 

J. Am. Chem. Soc. 49, 570 (1926). (10) Shaw, Turner, J. Chem. Soc. 1932, 1884-1888. 

( 11 ) Kohlraufich, Pongratz, Monaish. 63, 441 (1934). (12) Bell, Bauglian, Vaughan- Jackson, 

J. Chem. Soc. 1934, 1970-1971. (13) Paulsen, Monaish. 72, 256 (1939). (14) Rule, McLean, 

J. Chem. Soc. 1931, 689. (15) van Scherpenzeel, Rec. trav. chim. 20, 155 (1901). (16) Jaeger, 

Z. anorg. allgem. Chem. 101, 126 (1917). (17) Seubert, Ber. 22, 2520, 2524 (1889). (18) Meharg, 

Allen, J. Am. Chem. Soc. 54, 2921 (1932). (19) L. Klemm, W. Klemm, G. Schiemann, Z. physik. 

Chem. A-165, 384, 386 (1933). (20) Block, Z. physik. Chem. 82, 408, 410 (1913). 

(21) von Auwers, Friihling, Ann. 422, 164, 168 (1921). (22) Gindraux, Helv. Chim. Acta 12, 

923-932 (1929). (23) Buchheim (to Chem. Fabrik von Heyden), Ger. 616,596, Aug. 1, 1935; Cent. 

1935, II 3703. (24) von Auwers, Z. physik. Chem. 42, 515 (1902). (25) Norris, Turner, J. Am. 

Chem. Soc. 61, 212^2131 (1939). (26) Holleman, Beckmann, Rec. trav. chim. 23, 239 (1904). 
(27) Gaslorowski, Wayss, Ber. 18, 1939 (1885). (28) Hubert, Majert, Ber. 6, 790, 794 (1873). 
(29) Hodgson, J. Soc. Dyers Colourists 41, 32^329 (1925). (30) Marvel, McElvain, Org. Syn- 
theses, Cofl. Vol. 1 (2nd ed.). 170-172 (1941); (1st ed.), 163-166 (1932); 3, 33-35 (1923). 

(31) Erdmann, Ann. 272, 141-147 (1892). (32) Sandmeyer, Ber. 17, 2651 (1884). (33) Heller, 

Z. angew. Chem. 23, 389-392 (1910). (34) Heller, Tischner, Ber. 44, 250-255 (1911). (35) 
Waentig, Thomas, Ber. 46, 3933-3937 (1913). (36) Gattermann, Ber. 23, 1221 (1890). (37) 
Neogi, Mitra, J. Chem. Soc. 1928, 1332. (38) Votocek, Zenisek, Z. Elektrochem. 5, 486 (1898). 
(39) MOhlau, Berger, Ber. 26, 1998 (1893). (40) Sakellarios, Ber. 56, 2539 (1923). 

(41) Wertyporoch, Ann. 493, 163 (1932). (42) Beilstein, Geitnor, Ann. 139, 334-337 (1868). 
(43) Aronheim, Dietrich, Ber. 8, 1402 (1875). (44) Seelig, Ann. 237, 130 (1887). (45) Cohen, 

Dakin, J. Chem. Soc. 79, 1119-1120 (1901). (46) Cohen, Dawson, Crosland, J. Chem. Soc. 87, 
1034-1037 (1905). (47) Fichter, Glanzstein, Ber. 49, 2481-2486 (1916). (48) Tdhl, Eberhard, 

Ber. 26, 2942 (1893)*. (49) O. Silberrad, C. A. Silberrad, B. Parke, J. Chem. Soc. 127, 1724-1731 
(1925). (60) O. Silberrad, J. Chem. Soc. 127, 2680 (1925). 

(51) Steinkopf, Buchheim, Ber. 54, 2963-2968 (1921). (52) Datta, Fernandes, J. Am. Chem, 

Soc. 86, 1010-1011 (1914). (53) Barkenbus, Hopkins, Allen, J. Am. Chem. Soc. 61, 2463 (1939). 
(64) Dangyan, J. Oen. Chem. (U.S.S.R.), 8, 1780-1783 (1938); Cent. 1939, I 4928; C.A. 33, 
4967 (1939). (55) Stoll, Btdl. soc. chim. Belg. 88, 77-91 (1929). (56) Goddard. Yarsley, 
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/. C^em. Soc. 1W8, 720. <57) Autenrieth, Geyer, Ber. 41, 166-166 (1908). <68) Datta, Mitter, 
J. Am. Chem. Soc. 41, 292 (1919). <69) Gilman, Fothergill. J. Am. Chem. Soc. 61, 3606 (1929). 
<60) Wallach, Ann. 236, 247 (1886). 

(61) Law, J. Chem. Soc. 99, 1114 (1911). (62) Tschunkur, Eichler (to I.G.), Ger. 609,149, Oct. 

8, 1933, Cent. 1981, I 360. (63) Meyer, Hofmann, MpnaUth. 38, 151-162 (1917), (64) Busch, 

Stove, Ber. 49, 1069 (1916). (65) Kelber, Ber. 60, 309 (1917). (66) Kraus, White, J. Am. 

Chem. Soc. 46, 774 (1923). (67) Klages, Liecke, J. prakt. Chem. (2) 61, 322 (1900). (68) Emmer* 

ling, Ber. 8, 880-881 (1875). (69) Cohen, Miller, J. Chem. Soc. 86, 174-179, 1626, 1630 (1904). 
(70) Cohen, Dawson, Blockey, Woodmansey, J. Chem. Soc. 97, 1623-1636 (1910). 

(71) Schrader, Gee. AhhandL. Kenntn. Kohle 4, 325 (1920), Cent. 1921, I 537; C.A. 16, 2850 
(1921). (72) Chariot, Bull. aoc. chtm. (4) 63, 575 (1933); Ann. chim. (11) 2, 470 (1934). (73) 

Fichter, Adler, Heh. Chim. Acta 9, 281-282 (1926). (74) Dunbrook, Lowy, Trans. Am. Electro- 

chem. Soc. 46 (Preprint), 1924; Cent. 1924, II 2838; C.A. 18, 1088 (1924). (75) O. Silberrad, 

J. Chem. Soc. 126, 2196-2197 (1924). (76) Schaarschmidt, Smolla, Ber. 67, 34 (1924). (77) Law, 

Perkin. J. Chem. Soc. 93, 1636 (1908). (78) I.G., Brit. 331,100, July 17, 1930; Cent. 1989, II 

2186: French 676,826, Feb. 27, 1930; Cent. 1930, I 3881. (79) Shoesmith, Slater, J. Chem. Soc. 

1926, 218-219. (80) McEwen, Org. Syntheses, ColL Vol. 2 (let ed.), 133-135 (1943); 12, 12-14 
(1933). 

(81) Maryott, Hobbs, Gross, J. Am. Chem. Soc. 62, 2321 (1940). (82) Kenner, Witham, J. 

Chem. Soc. 97, 1963 (1910). (83) Britton (to Dow Chem. Co.), U.S. 1,878,463. Sept. 20, 1932; 

Cent. 1933, 1 311. (84) Scottish Dyes. Ltd. & Bangham & Thomas, Brit. 308,231, April 18, 1929; 

Cent. 1929, II 1348. (85) Booth, Elsey, Burchfield. J. Chem. Soc. 67, 2068 (1935). (86) I.G., 

French 798.727, May 25, 1936; Cent. 1936, II 3360. (87) Wahl, BuU. soc. chim. (5) 4, 344-349 
(1937); Compt. rend. 202, 2161-2163 (1936). (88) Thomson, Stevens, J. Chem. Soc. 1932, 62. 

(89) Jackson, Field, Ber. 11, 904-905 (1878). (90) Oxford, Robinson, J. Chem. Soc. 1927, 2241. 

(91) Kharasch, Margolis, White, Mayo, J. Am. Chem. Soc. 69, 1405 (1937). (92) Sampey, 

Fawcett, Morehead, J . Am, Chem. Soc. 62, 1839-1840 (1940). (93) Pajeau, Compt. rend. 202, 1796 

(1936). (94) Varma, Sahay, J. Indian Chem. Soc. 11, 293-294 (1934). (95) Claus, J. prakt. 

Chem. 46, 26-27 (1892). (96) Allen, Bridgess, J. Am. Chem. Soc. 49, 1^46 (1927). (97) Allen, 

Normington, Wilson, Can. J. Research 11, 387 (1934). (98) Mayor, Freund, Ber. 66, 2052-2053 

(1922). (99) Mayer, Muller, Ber. 60, 2281 (1927). (100) Mayer (to I.G.), Ger. 515,110, Jan. 
15, 1931; Cent. 1931, II 908. 

(lOl) Houben, Fischer, Ber. 64, 2648-2649 (1931). (102) Scholl, Meyer, Keller, Ann. 613, 
298 (1934). (103) Conant, Lutz, J. Am. Chem. Soc. 47, 891 (1925). (104) Heller, Ber. 46, 1500- 

1501 (1913). (105) de Diesbach, Dobbelmaun, Helv. Chim. Acta 14, 374 (1931). (106) A.G.F.A., 

Ger. 267,271, Nov. 12, 1913; Cent 1913, II 2014. (107) Heller, Schulke, Ber. 41, 3634-3635 

(1908). (108) Dougherty, Gleason, J, Am. Chem. Soc. 62, 1025, 1027 (1930). (109) Reilly, 

Drumm, J. Chem. Soc. 1927, 2814. (110) Keimatsu, Hirano, Yoshimi, J. Pharm. Soc. Japan 

95-98 (1930) ; Cent. 1930, II 2384. 

(Ill) de Diesbach, Schmidt, Hdv. Chim, Acta 7, 650 (1924). (112) Stephen, Short, Gladding, 

J. Chem. Soc. 117, 513 (1920). (113) Dieterle, Eschenbach, Ger. 537,610, Nov. 6, 1931; Cent. 

1932, I 1156-1157. (114) Dieterle, Eschenbach, Arch. Pharm. 265, 195 (1927). (115) Ray, /. 

Chem. Soc. 119, 1963-1964 (1921). (116) Gilman, Zoellner, Selby, J. Am. Chem. Soc. 66, 1255 

(1933). (117) Spencer, Price, J. Chem. Soc 97, 388 (1910). (118) I.G., French 736,428, Nov. 

23, 1932; Cent. 1933, II 2193. (119) I.G., Austrian 148,984, Mar. 25, 1937: Cent. 1987, II 1082. 

(120) Morton, Le Fevre, Hechenbleikner, J. Am. Chem. Soc. 68, 755 (1936). 

(121) Morton, Stevens, J . Am. Chem. Soc. 63, 40.32 (1931). (122) Imperial Chem. Ind., Ltd. 

& Coffey, Brit. 325,933, March 27, 1930; Cent. 1930, II 2695: French 687,316, Aug. 7, 1930; Cent. 
1930, II 3851. (123) I.G., Brit. 308,220, May 15, 1929; Cent. 1930, II 1772. (124) F. Raschig 

Co., French 698,341, Jan. 29, 1931 ; Cent. 1931, II 1491. (125) Britton (to Dow Chem. Co.), U.S. 

I, 959,283, May 15, 1934; Cent. 1934, II 1688. (126) Meyer, Bergius, Ber. 47, 3159 (1914). 

(127) Meharg, Allen, J. Am. Chem. Soc. 64, 2920-2922 (1932). (128) Ohse (to Chem. Fabrik von 

Heyden), Ger. 497,570, May 8, 1930; Cent. 1930, II 622. (129) Williams (to Dow Chem. Co.), 
U.S. 1,775,360, Sept. 9, 1930; Cent. 1981, II 1195. (130) Federal Phosphorus Co., Brit. 370,774, 

May 5, 1932; Cent. 1933, II 1237. 

(131) Booth (to Swann Research, Inc.), U.S. 1,954,469, April 10, 1934; Cent. 1934, II 1846. 
(132) Bergstrom, Wri gh t, Chandler, Gilkey, J. Org. Chem. 1, 174—175 (1936). (133) Holleman, 

van den Arend, Rec. trav. chim. 38, 418-423, 496 (1909). (134) Goldschmidt, HOnig, Ber. 19, 

2438-2440 (1886). (135) Gattermann, Kaiser, Ber. 18, 2600 (1885). (136) Hodgson, Anderson, 

J. Chem. Soc. 136, 2195-2196 (1924). (137) Cohen, McCandlish, J. Chem. Soc. 87, 1265-1266 
(1905). (138) Kenner, Tod, Witham, J. Chem, Soc. 137,^2348 (1925). (139) Borsche, Fiedler, 
Ber. 46, 2118-2121 (1913). (140) Borsche, Feske, Ber. 60, 159 (1927), 

(141) Wynne, J. Chem. Soc. 61, 1078-1082 (1892), (142) Wynne, Bruce, J. Chem. Soc. 73, 
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760-762. 772-773 (1898). (143) Vogt, Henninger, Ann. 165, 363-366 (1873). (144) DeRoode, 
Am. Chem. J. 18, 226 (1891). (146) Wahl. Brit. 169,837. March 31, 1921 ; French 624.687, Sept. 
6, 1921; Swiss 96,186, Sept. 16, 1932; Ger. 376,634, June 5, 1923; Cent. 1921, IV 124. (146) 
Huntress, Garten, J.Am- Chem. Soc. 62, 612-613 (1040). (147) Shreve, Marsel, Ind. Eng. Chem, 
88 , 264-261 (1946). 


3:8!S90 ETHXL /S^CHLOROPROPIONATE C5HACI 

BeiL n - 960 



aCHii.CHs.CO.O.C2H6 

n,-(iii) 

Il2-(2S7) 

B.P. 162-163® 

at 766 mm. (1) 

1.1086 (5) 

nj^ s 1.42537 (5) 

162.5® 

at 761 mm. (2) 

1.10%5 (18) 

1.4269 (18) 

162-163® 

at 760 mm. (3) 


- 1.4284 (2) 

162® 

(4) 

1^® - 1.1141 (2) 

161.4-161.8® 

at 768 mm. ( 6 ) 

/ 


161® 

(6) 



80® 

at 29 mm. (2) 



61.5® 

at 16 mm. (7) 




[For prepn. of C from jS-chloropropionic acid (3:0460) by esterification with EtOH + 
HCl (59% yield ( 6 )) (4) or H 2 SO 4 ( 1 ) see indicated refs.; from / 8 -chloropropionyl chloride 
(3:5690) -h EtOH see ( 1 ); from acrylic acid chloride (3:7163) + EtOH see (4) (7); from 
ethyl acrylate (1:3071) + HCl see ( 2 ); from acrylonitrile + HCl to j 8 -chloropropionitrile 
followed by reactn. with EtOH see ( 8 ); from ethyl lactate (1:3303) + 8 OCI 2 + pyridine 
(95% yield (9)) see (9).] 

C with 20 % ale. NaOH at room temp. ( 10 ) or htd. at 95-100® with 10 pts. cone. H2SO4 
(11) gives (90% yield (10)) ethyl acrylate (1:3071), b.p. 101®. 

C refluxed with Nal in acetone gives (yield: 81% ( 12 ), 75-80% (13)) ethyl /S-iodopropi- 
onate, b.p. 183-185® at 760 mm. (13). [For study of rate of reactn. with KI in acetone 
see ( 6 ).] [Note also that /5-iodopropionic acid with ale. HCl (as in its esterification) gives 
some ethyl ^-chloropropionate (14).] 

C on catal 3 rtic hydrogenation as specified (7) takes up only a little H 2 [dif. from ethyl 
o-chloropropionate which gives quant, ethyl propionate). 

[For reactns. of C with CHsMgl (16), C 2 H 5 MgBr (16), and other RMgX cpds. (17) 
see indicated refs.) 

8:8296 (l) Henry. Compt. rend. 160, 116 (1886); J. prdkt. Chem. (2) 31, 127 (1885). (2) Moureu, 
Murat, Tampier, Ann, chim. (9) 16, 239 (1921). (3) Robinson, Watt, J. Chem. Soc, 1984, 1639. 
( 4 ) Moureu, Ann. chim. (7) 2, 171-172 (1894). (6) Karvonen. .4nn, Acad. Sd. Fennicae A-10, 

No. 4 ; 31 ; Cent. 1919, III 808. (6) Conant, Kirner, J. Am. Chem, Soc. 46, 243, 249 (1924). (7) 
Paal, Miiller-Lobecle, Ber. 64, 2145, 2147 (1931). (8) I.G., Brit. 362,802, Aug. 6, 1931; Cent. 
1931, II 2668. (9) Darsen, Compt, rend. 162, 1601 (1911). (10) Rohn. Haas, Ger. 646,141, 
March 12, 1932; Cent. 1982, 1 2642. 

(11) Brit. 361,618, July 23. 1931; Cent. 1981, II 1923. (12) Baker, J. Chem. Soc. 1938, 216. 
(13) Borsche, Ann. 626, 16 (1936). (14) Fltirscheim, J. prakt. Chem. (2) 68, 346 (1903). (16) 

Bennett, Philip, J. Chem. Soc. 1928, 1937-1942. (16) Moureu, Barrett, Bull. soc. chim. (4) 29, 
994-996 (1921). (17) Weismann, Bergmann, J. Chem. Soc. 1936, 401-402. (18) Schjanberg, 
Z. phyeik. Chem. A-172, 231 (1936). 
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3: 8203 n-PROFYL CHLOROACETATE C5H^a BeU. H - 198 

n^sHrO.CO.CHza ni-( 89) 

II2 — 

BJ. lea.B* (1) = 1.1033 (6J - 1.4261 (6) 

162.8-163.8° (2) 1.1060(2) 1.4286 (2) 

162.3-162.6° at 777.6 mm. (3) 

161-162° at 765 mm. (4) 

161° at 740 mm. (5) 

S:82M (1) Cheng, Z. phytik. Chem. B-24, 307 (1934). (2) Drushel, HiU, Am. J. Sci. (4) M, 
72-78 (1910); C.A. 4, 2438 (1910). (3) Schiff, Z. phynk. Chem. 1, 378 (1887). (4) Henry, 
Cempt. rend. 166, 115 (1885). (5) Schreiner, Ann. 197, 8 (1879). (6) Schjanberg, Z. phyeik. 

Chem. A-172, 228 (1935). 


3:8300 2,3-DICHLOROHra:ANE Cl Cl CtHuCla 

ch,.chs.ch2— (I:— i— CH» 


Beil.1- 144 
Ii— 

14 *( 108 ) 


B.P. 162-168° (1) Z)H = 1.0827 (1) 

(For prepn. of C from 2,3-epoxyhexane with PCU see (1) (2).] 

C is not attacked by solid KOH but with ale. KOH yields (1) a chlorohexane, b.p. 122° 

( 1 ). 


3:8360 (1) Henry, BxiU. soc. chim. (2) 41, 363 (1884). (2) Henry, Compt. rend. 07, 202 (1883). 


3:8308 d,l-d-METHYL-n-CAPROYL CHLORTOE CtHuIX:! Beil. H — 
(sec.-Amyl-(2)-aoetyl chloride) CH3.CH2.CH2.CH.CHs.0=0 Hi— 

in. i 

B.P. 163-164° at 761 mm. (1) 0.867 (1) 

188-161° at 733 mm. (2) 

[For prepn. of C from methyl-n-propyl-acetic acid [Beil. IIi- (146)1 (1) (2) with PCI3 (1) 
or SOCI2 (87% yield <2)) see indie, refs.] 

[C with n-propyl zinc iodide in toluene ffves (70% yield (2)) 6-melhylnonanone-4, b.p. 
192-193** at 715 mm. (2).l 

C on hydrolysis yields (1) iS-methyl-w-caproic acid, [Beil. IIi-(146)l (1) (2), b.p. 215- 
216® (3), 212-213® at 755 mm. (1), 207-209® u.c. at 728 mm. (2). 

(0 i3-Methyl-n-caproamide : m.p. 97® (1), 99® (4). [From C + excess cone. aq. NH4OH 

( 1)1 

3:8805 (1) Dewael, Weekering, BnU. soc, chim. Bdg. 33, 496--497 (1924). (2) Earrer, Shibata, 
Wettstein, Jacubowicz, Hdv. Chim. Acta 13, 1302-1303 (1930). (3) Ciainician, SUber, Ber. 46, 
3080 (1913). (4) Bayer A Co.. Ger. 228,667, Nov. 15, 1910; Csni. 1010, II 1789. 
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3: 8307 ETHYL <f,l-a.CHLORO-n-BUTYRATE CeHnOaCl Beil, n.277 

CH3.CH2.CH.COOC2H6 Hi— 

B.P. 163-164** at 760 mm. (1) = 1.066 (1) nZ = 1.42430 (I) 

166-160** <2) 

= 1.063 (2) 

[For prepn. of C from a-chloro-n-but3rronitrile with EtOH (2) or with EtOH + HCl <1) 
see indie, refs.; for formn. of C from ethyl w-butyrate (1:3127) with SO2CI2 -h dibenzoyl 
peroxide in CCI4 (10% C + 50% /3- and 40% 7-isomers (3)) see (3).] 

[For use of C in Reformatsky reactn. sec (4).] 

For the amide corresp. to C see a-chloro-w-butyric acid (3:9130). 

3:8867 <l) Henry, BuU. acad, roy. Belg. (3) 36, 507-520 (1898) ; Cent. 1898, 1 273. (2) Markowni- 
kow, Ann. 163, 241 (1870). (3) Price, Schwarez, J. Am. Chem. Soc. 63, 28C4-2895 (1940). 

(4) Nieuwland, Daly, J. Am. Chem. Soc. 63, 1842-1846 (1931). 


3: 8310 7-CHLORO-n-PROPYL ACETATE C5H9O2CI Beil. H — 

(l-Acetoxy-3-chloropropane; CICH2.CH2.CH2.O.CO.CH3 IIi“( 58 ) 

trimethylene chlorohydrin acetate) VI - 1281 

n2-( 139) 

B.P. les-iee” (l) - 1.1105 (7) ng = 1.431 (7) 

168-173'“ (2) 

16.3-165° at 747 mm. <3) 

160-166° (4) 

88-90** at 22 mm. <5) 

66** at 14 mm. (6) 

62-63** at 10 mm. (7) 

[For prepn. of C from trimethylene chlorohydrin (3:8285) -f AcCl see (7) (2) (1); from 
trimethylene dichloride (3:5450) + AgOAc see (5); from trimethylene glycol (1:6490) + 
AC2O + S2CI2 (68% yield) see (6); from trimethylene chlorobromide + KOAc + AcOH 
see (3) (8).] 

C htd. with KOH + 8% aq. at 100-110** yields (1) <7) trimethylene oxide [Beil. XVII-6], 
b.p. 48.2** at 761 mm., Dj® = 0.9038, nf? = 1.392 (7). 

3:8316 ( 1 ) Bogert, Slocum, J. Am. Chem. Soc. 46, 766 (1924). (2) Blicke, Blake, J. Am. Chem. 
Soc. 63, 1018 (1931). (3) Henry, BuU. acad. roy. Bdg. (3) 32, 261 (1896). <4) Derick, Bissel, 

J. Am. Chem. Soc. 38, 2483 (1916). (5) Berraejo, Gomez Aranda, Anales soc. espafi. fis. gulm. 

37, 798-800 (1929); Cent. 1930, I 2382. <6) Bennett, Heathcoat, /. Chem. Soc. 1939, 271. (7) 

Le^ieau, BuU. soc. chim. (5) 7, 254 (1940). (8) Henry, BvU. acad. roy. Bdg. 1906, 738, Note. 


3: 8315 3,4-DICHLORO-3,4-DIMETHYLHEXANB CsHieCb Beil. I — 

a Cl Ii-( 62 ) 

CH,.CHr-i i>-CHs.CH, 

in, in, 

B.P. 165-166° at 760 mm. (1) 

114-115° at 18 mm. <1) 

[For prepn. of C from 3,4-dimethylhexanediol-3,4 [Beil. 1-492, Ii-(256), l2-(658)] by 
saturation with HCl gas in presence of P2O5 see <1).] 

3:8316 (1) Frumina, BvU. acad. roy. Bdg. 1009, 1151-1157; Cent. 1910, 1 1001; C.A. 6, 1096 (1911). 
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3:8325 BTHn, 5-CHLOROISOCROTONATE CtHaO,Cl BeU. U - 417 



CHa— C— Cl 

Hi- (190) 



CsHs(XK:-<!!— H 

Il2-(397) 

B.P. 


B.P. (conid.) 


165.6-167.2" <1) 

60° at 16 nun. (7) 

= 1.088 (8) 

164° 

(13) 

56-57° at 13 nun. (8) (9) 

1.087 (7) 

161.4° 

(2) 

54° at 14 nun. <10) 

1.086 (11) 

159-161° 

(3) 

50° at 10 nun. (11) 

= 1.4538 (7) 

167-158° 

at 740 nun. (4) 


= 1.0924 (3) 

156-166° 

(5) 

dV'' 

= 1.45423 (3) 

164-167° 

(6) 

= 1.0896 (8) 




nU ’’ - 1.45467 (8) 




= 1.0920 (11) 


[See also ethyl 0~chlorocrotonate (3 : 8538).] 

Note the lack of accord regarding the b.p. of C especially at ordinary pressures; this is 
presumably attributable to more or less contamination with the stereoisomeric ester 
(3:8538). 

[For prepn. of C from /8-cliloroisocrotonic acid (3:1300) in EtOH with dry HCl gas 
(yields: 100% (4), 65% <12)) <2) (5) or a little cone. H2SO4 (yield 65% (6» (8) <11) see 
indie, refs.] 

[For prepn. of C from ethyl acetoacetate (1:1710) with PCls in CeH# followed by refluxing 
with a little I2 see (13) (1); note, however, that this method has subsequently (6) been 
regarded as unsatisfactory for the prepn. of pure C although it suffices to give (40^-50% 
yields (14)) a mixt. of C with its stereoisomer (3:8538) which for many purposes is ade- 
quate.] 

[C (2 moles) with K2S moles) in 5 vols. abs. EtOH refluxed for 5 hrs. (note that 
the stereoisomer (3:8538) requires 16) gives (53% yield (14)) diethyl /9,i9'-thiodicrotonate, 
S( — C(CH3)=CH.C00C2H6)2, b.p. 150-153° at 4 mm. (14), accompanied by some ethyl 
/8-mercaptocrotonate (see below).] 

[C with ale. NaSH as directed gives (55-60% yield crude prod. (15)) ethyl /3-mercapto> 
crotonate; note that this prod, is apparently a mixt. of the two geom. stereoisomeric thioenols 
together with the keto form, viz., ethyl thioacetoacetate, CH3.CS.CH2.COOC2H6; for 
details see (15); note also that ethyl /8-chlorocrotonate (3:8538) by the same treatment 
gives the same result so that a mixt. of the esters can be employed as initial material.] 

[C with alkali derivs. of alcohols, phenols, mercaptans, etc., splits out alkali halide 
yielding corresp. ethyl /S-substituted crotonates: e.g., C with NaOEt in ether gives (5) 
ethyl /8-ethoxycrotonate [Beil. III-373, IIIi-(135), IIl2-(254)], m.p. 29.5° (5); C with Na 
allylate gives (6) ethyl /3-allyloxycrotonate; C with Na cinnamylate gives (6) ethyl /3- 
cinnamyloxycrotonate; C with Na phenolate gives (16) ethyl jS-phenoxycrotonate, b.p. 
152° at 18 mm. (16); note that in the three preceding cases either C or its stereoisomer 
(3:8538) yields the same result.] 

[C with Na salt of ethyl mercaptan gives (12) ethyl /3-ethylmercaptoisocrotonate, b.p. 
127-129° at 16 mm. (12); C with Na salt of benzyl mercaptan gives (75% yield (12)) a 
mixt. of ethyl jS-benzylmercaptocrotonate, m.p. 64.5° (12), and ethyl /3-benzylmercaptoiso- 
crotonate (consts. not given).] 

[C with diethyl sodiomalonate gives (9) cf. (17) da diethyl a-carbethoxy-/8-methylglutaco- 
nate, (C2H500C)2CH.C(CH3)==CH.C00C2H6 [BeU. 11-853], b.p. 164-165° at 12 mm.. 
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= 1.0884, no “ 1.4579 (9); cf. behavior of stereoisomeric ethyl ^hlorocrotonate 
(3:8538).] 

C with hydrazine hydrate in abs. aJc. splits out HCl and EtOH with consequent ring 
closure yielding <18) 5-methylp)nrazolone-3 [Beil. XXlV-19, XXIVi-(189)], m.p. 215® <18); 
note that same prod, is also obtd. from methyl /3-chloroisocrotonate (3:8028). 

C (1 mole) with phenylhydrazine (1 mole) at 100® for 6-8 hrs. gives by ring closure 
mainly (4) 3-methyl-l-phenylpyra2olone-5 [Beil. XXIV-20, XXI Vi- (190)], pr. from aq., 
m.p. 127®, accompanied by small amts, of 4-benzeneazo-3-methyl-l-phenylpyrazolone-5 
(Beil. XXIV-328, XXIVi-(319)], m.p. 155-156®, and 3,3'-dimethyl-l,l'-diphenyl-6i« 
P3rrazolone-5,5' (Beil. XXVI-484], dec. at high temp, without melting. — Note that with 
excess phenylhydrazine (2—4 moles) only traces of the 3-methyl-I-phenylpyrazolone-6 are 
formed while the amt. of the other two (less desirable) prods, is greatly increased <4). 

3:8325 (l) Kohlrausch, Pongratz, Z. physik. Chem. 27, 193 (1934). (2) Geuther, Frolich, Zeil, 
filr Chernie 1869, 273. (3) Eisenlohr, Ber. 44, 3208 (1911). (4) Autenrieth, Ber. 29, 1654-1664 
(1896). (6) Roll, Ann. 249, 323-324 (1888). (6) Lauer, Kilburn, J. Am. Chem. Soc. 59, 2687 
(1937). (7) von Auwers, Ber. 56, 724 (1923). <8) von Auwers, Ber. 45, 2807-2808 (1912). 
(9) Gidvani, Ron, Wright, J. Chem. &oc. 1932, 1034-1035. (10) Errora, Lepingle, BttU. ad. 
acad. roy. Belg. (5) 11, 150-153 (1925); Cent. 1925, II 897; C.A. 19, 3057 (1925). 

(11) von Auwera, Ann. 432, 62 (1923). (12) Scheibler, Voss, Ber. 53. 381-382, 387-388 (1920). 

(13) Thomas-Mamert, BuU. aoc. chim. (3) 13, 70-71 (1895). (14) Scheibler, Bube, Ber. 48, 144^ 

1461 (1916). (15) Scheibler, Topouzada, Schulze, J. prakt. Chem. (2) 124, 7-12 (1930). (16) 

Ruhemann, Wragg, J. Chem. Soc. 79, 1190 (1901). (17) Fichter, Schwab, Ann. 348, 251-266 
(1906). (18) Freri, Q<uz. chim. iUd. 66, 25 (1936); Cent. 1936, II 621; C.A. 30, 6387 (1936). 

3 : 8335 4-CHLORO-2-M£THyLBUTANOL-2 C6HuOCl 

(jS-Chloroethyl-dimethyl-carbinol) CHa 

CH 2 .CH 2 — C— CHa 

(!a (!)h 

BJ>. 166° (1) 

72® at 13 mm. (2) 

62-63® at 14 mm. (3) 

[For prepn. of C from methyl jS-chloropropionate (3:5765) (3) or from ethyl /8-chloro- 
propionate (3:8290) (1) (53% yield (2)) with MeMgBr see indie, refs.] 

C with fumg. HCl at room temp, yields (1) 2,4-dichloro-2-methylbutane (3:8105). 

C mixed with 3 pts. dry powdered KOH and htd. at 130-180® gives (43% yield (2)) by 
loss of HCl and ring closure 2,4-epoxy-2-methylbutane (a,a-dimethyltrimethylene oxide), 
b.p. 71® at 750 mm., Df « 0.8279 (2). 

C with specially dried K phthalimide htd. in a s.t. 8 hrs. at 169®, finally 3H hrs. at 218®, 
yields (3) (by metathesis and loss of H 2 O) JV-(2-methylbuten-2-yl-4)phthalimide, m.p. 99® 
(3). 

3:8335 (1) Henry, BuU. aoc. chim. Bely. 29, 152-156 (1006); Cent. 1906, II 1178; Compt. rend. 142, 
133 (1906). (2) Bennett, Philip, J. Chem. Soc. 1928, 1938. (3) Spath, Spitzy,, Ber. 58, 2276- 
2277 (1925). 


£eU. I - 390 

11- 

12- (424) 
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3:8340-3:8345 


3:8340 S-CHLORO-O-METHYLFROPEH-S-OL-l CHi C4H70a 
(7-Chloro-/3-methyl-allyl alcohol) 

High-boUg. (cis?) 

B.P. 


167-167.5° (1) 

166-168° cot. (2> 

= 1.1262 (2) 


163-164° (3) 

Df - 1.1243 (1) 


Low-boilg. (irons f) 

B.P. 

160-162° cor. (2) 

= 1.1290(2) 

no 


CH2-(!^H 
(!)h ^ 


BeU. 1-448 

Ii- 

fc- 

- 1.4730 <2) 
= 1.4677 <1> 

- 1.4737 (2) 


[For prepn. of C (mixt. of both forms) from l,2,3-trichloro-2-methylpropane (3:6886) 
in 84% yield by hydrolysis with excess 5% aq. NaOH see (2) (4); for prepn. of C from 
l,3-dichloro-2-methylpropene-l (3:5590) by hydrolysis with aq. alk. (4), with aq. Na 2 C 03 
(3), or aq. CaCOa (1) see indie, refs. Note that by virtue of allylic transposition 1,3- 
dichloro-2-methylpropene-l (3:5590) may frequently 3 rield derivatives of its synionio 
isomer, l,l-dichloro-2-methylpropene-2 (3:7480).] 

C with excess AcOH 4* cone. HCl gives (60% yield (2)) l-chloro-2-methylpropen-2-yl-l 
acetate, b.p. 167-174^ at 748 mm. (2), 176-178° at 784 mm. (1). 

C on treatment with acids as specified (5) gives 3-chloro-2-methylpropanal-l 0-chloro- 
isobutyraldehyde ) (3:9112). 


® l-Chloro-2-methylpropen-2-yl-l 3,6-dinitrobenzoate : from high-boilg. form of C; 

m.p. 63.8-64.5° (2); from low-boilg. form of C; m.p. 94.4-95.8° (2). 

® l-Chloro-2-methylpropen-2-yl-l N-phenylcarbamate: from high-boilg. form of C; 
m.p. 81-82° (1). 

3:8340 <1) Tishchenko. J. Gen. Chetn. {U.S.S.R.) 8, 1232-1246 fl938); Cent. 1039, II 4223; C.A. 
33, 4190 U939). (2) Rogers, Nelson, J. Am. Chem. Soc. 68, 1030 (1936). (3) Pogorshelski, 

J. Russ. Phys.-Chem. Soc. 36, 1 129-1184 (1904) ; Cent. 1906, 1 668. (4) Nelson, Rogers (to Purdue 

Research Foundation), U.S. 2,061,519, Nov. 17, 1936; Cent. 1937, I 2682; C.A. 31, 711 (1937). 
(5) N. V. de Bataafsche Petroleum Maatschappij, French 763,286. Apr. 26, 1934; Cent. 1934, II 
1531. 


3:8345 2-CHLORO-OCTENE-2 Cl CsHisCl Beil. I - 221 

CH,.CH2,CH,.CHj.CH,.CH=<!!— CHj 111(200) 

B.P. 167-168° (1) DiS .. 0.8983 <2) ni? >. 1.4424 (2) 

Some doubt exists as to whether this material is in fact C, 2-chloro-octene-l, or a mixture 
of both. 

[For prepn. of C from octanone-2 (n-hexyl-methyl ketone) (1:5490) with PCls followed 
by distillation (1) or treatment with alkali (2) see indie, refs.) 

C with ale. KOH yields (1) octyne-1 (n-hexylacetylene) (1:8105) or octyne-2 (n-amyl- 
methyl-acetylene) (1 : 8120). 

[C on protracted (16 days*) standing with benzoyl hydrogen peroxide in ether yields 
<2) 2-chloro-2,3-epoxyoctane, b.p. 81-82° at 21 mm., Dj® 0.9609, nB =* 1.4359 (2).] 

3:8346 (1) B5hal. Ann, chim, (6) 16, 277-278 (1888). <2) Prileshaiev, Bcr. 69, 197-198 (1926). 
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3:8346 2-CHLORO-OCTENE-l CH 3 — (CHOs— C==CH 2 CgHisCl Beil. 1-221 



B.P. 168-170° <1) D 8 = 0.0274 (2) 

167-168° < 2 ) 

[For prepn. of C from 03-chloro-/8-n-hexylvinyl)arsonic acid by htg. at 175° (1) or from 
octanoiie-2 (1 : 5490) with PClg (2) see indie, refs.] 

[Note that the structure of C has not been unequivocally demonstrated, and it may be 
2-chloro-octene-2 (3:8345).] 

8:8S46 <l) Fusco, CottignoU, Farm. ital. 11, 89-91 (1943); Cent. 1943, II 2285; C.A. 38, 6064 
(1944). (2) B6hal, Ann. chim. (6) 15, 277-278 (1888). 


3:8350 scc.-BUTYL CHLORO ACETATE H 

C 6 H 11 O 2 CI 

Beil. S.N. 160 

CH 3 .CH 2 .C.O.CO.CH 2 CI 

1 


CHs 


B.P. 167.6° at 760 mm. ( 2 ) 

= 1.062 ( 2 > 

n}? = 1.4251 (1) 

163-164° <l) 

Z){i = 1.065 (1) 



[For prepn. from butcne-2 4- chloroacetic ac. (3:1370) + ZnCh see (1).] 

[For study of insecticidal action of vapor of C see (2).] 

3:8350 (1) Aldoschin, J. Gen. Chem. (U.S.S.R.) 8, 1385-1389 (1938); Cent. 1939, II 2223; C.A. 
33, 4194 (1939). (2) Roark, Cotton, Ind. Eng. Chem. 20, 512-514 (1928). 

3:8355 d,f- 7 -METHYL.-n-CAPROYL CHLORIDE C7H13OCI BeU. S.N. 162 

CH3.CH2.CH.CH2.CH2.C=0 

in, ii 

B.P. 167-168° at 767 mm. (1) = 0.9677 <1) 

[For prepn. of C from 7-methyl-n-caproic acid (1 : 1136) with PCI3 see (1).] [The dextro- 
rotatory isomer of C, b.p. 80° at 50 mm. (2), has been prepared from the dextrorotatory 
acid -|“ SOCI2.] 

C on hydrolysis yields 7-methyl-n-caproic acid (1:1136) q.v. (for the amide, anilide, and 
other derivatives corresponding to C see 1:1136). 

3:8355 (1) Dewael, Weekering, BvU. sac. chim. Belg. 33, 601-502 0924). (2) Levene, Rothen, ' 
Marker, J. Biol. Chem. 115, 261-262 (1936). 

3: 8360 d,M,4.DICHLORO-2-METHYLBUTANE CsHioCb 

• a Cl 

in^-CHr-cH— ifl, 

B.P. 168-169° at 760 mm. (calcd.) (1) = 1.1003 ( 1 ) 

170-172“ (2) nl? » 1.4562 (1) 

101 - 102 * at 100 mm. ( 1 ) 

67-69“ at 18-20 mm. <3) 


Beil. I — 

11- 

12- (101) 
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[For fomm. of C from 2-methylbutane (isopentane) (1:8500) with CI 2 (together with 
2,idichloro-2-methylbutane (3:7975) and 2,4^ichloro-2-methylbutane (3:8105)) see (3); 
for formn. of C (together with other products) from dextrorotatory l-chloro-2-methyl- 
butane (arf.-amyl chloride) by chlorination with SO 2 CI 2 + benzoyl peroxide see ( 1 ); for 
formn. of C (together with other products) from 4-chloro-2-methylbutane (isoamyl chloride) 
(3:7365) -j- CI 2 in light see ( 2 ).] [The dextrorotatory form of C has been obtd. (4) from 
^,i^'-dibenzoyl- 2 -methyltetramethylenediamine with PCls.] 

C on boilg. with AgOAc gives <3) a diacctate which upon saponification and subsequent 
oxidn. gives (3) methylsuccinic acid [Beil. 11-637; IIi-(274)], m.p. 112®. 

3:8360 (l) Brown. Kharasch, Chao. J. Am. Chem. Soc. 63, 3437-3439 (1940). (2> Perkin, /. 
Soc. Chem. Ind. 31, 616-624 (1912); Cent. 1013, II (1912). (3) Davydova, Papkina, Tishchenko, 

J. Gen. Chem. (U.S.S.R.) 7, 1992-1994 (1937); Cent. 1939, I 2397; C.A. 33, 482 (1938). <4) 
von Braun, Jostes, Ber. 59, 1095-1096 (1926). 

3: 8366 ^-METHYL-n-CAPROYL CHLORIDE C 7 H 13 OCI Beil, n - 343 

(Isoheptanoyl chloride; isoamylacetyl CH 8 .CH.CH 2 .CH 2 .CH 2 .C =0 IIi — 
chloride) ^ 

B.P. 168-169® at 739 mm. ( 1 ) 

[For prepn. of C from isoamylacetic acid [Beil. 11-342, IIi-(146)] with PCI 3 ( 1 ) or with 
SOCI 2 < 2 ) see indie, refs.] 

[C with MeOH yields methyl isoheptanoate, b.p. 166-167.5® cor. (3); C with EtOH 
yields ethyl isoheptanoate, b.p. 181.5-182.5® cor. {3), 182.7® cor. at 750 mm. (4); for reactn. 
of C with benzyl ale., phenylethyl ale., phenylpropyl ale., geraniol, and terpineol to give 
corresp. esters see (5).] 

C on hydrolysis yields isoamylacetic acid (see above), b.p. 216® cor. at 762 mm. (4). 

Isoamylacet-amide: cryst. from aq., AcOEt, or CCI 4 , m.p. 103® (7), 103.5-104® cor. 
(4), 102-103® <6). 

(0) Isoamylacet-anilide; cryst. from ether + pet. ether, m.p. 74-75® (7), 75® (6). 

<P Isoamyl acet-^-toluidide; ndls. from dil. ale., m.p. 75° (8). 

3:8365 (l) Ponzio, do Gaspari, Gazz. chirn, ital. 38, II 277 (1898). (2) Staudinger, Muntwyler, 

Kupfer, Heh. Chim. Acta 5, 761 (1922). <3) Poetsch, Ann. 318, 68-70 (1883). (4) Levene, 

Allen, J. Biol. Chem. 37, 442 (1916). (5) Rothstein, BuU. 30c. chim. (4) 53, 1106-1107 (1938). 

(6) Wallach, Ann. 408, 190 (1915). (7) Fournier, Bull. soc. chxm. (4) 5, 925 (1909). (8) Fichter, 

Rosenberger, J. prakt. Chem. (2) 74, 324 (1906). 

3:8370 d,/-3-(CHLOROMETHyL)HEPTANE CgHnCl BeU. S.N. 10 

• (2-Ethylhexyl chloride; CH 2 CI 

l-chloro-2^thylhexane) cH,.CH,.CH,.CHr4-CH,.CH, 

B.P. 169® <1) 

73® at 18 mm. (1) 

[For prepn. of C from 2-ethylhexanol-l (1:6248) with SOCI 2 + dimethylaniline see (1).] 
3:8370 <l) Weizmann, Bergmann, Haskelberg, Chemistry d: Industry 56, 589 (1937). 
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3:8373 BTH?Ld^-^8-CHLORO-n-BUTmTE CjHuOsa Befl. 11-277 

chs.ch.ch4.coocjH 6 ni.(m) 

^ Il*.(253) 

B.P. 169.5* (1) Df “ 1.0542 (6) - 1.4253 |2) 

168-169° (2) 1.0517 (3) 1.4247 <6) 

168-169° at 746.4 mm. (3) 1.42458 (3) 

168-169° at 741 mm. (4) 

65-65.5° at 16 mm. (6) 


(For prepn. of C from ethyl n-butyrate (1:3127) with SO 2 CI 2 + dibenzoyl peroxide in 
CCI 4 (60% C together with 10 % a- and 40% y-isomers) see ( 2 ); from 5 -chloro-n-butyric 
add (3:0035) with EtOH -(- HCl see (4); from ^Hshloro-re-butyronitrile with EtOH + 
HCl or ethyl crotonate (1:3196) with HCl see (7) (9); from crotonic acid (1:0425) + 
EtOH 4- HCl see (3); from crotonyl chloride (3:7693) with EtOH see ( 8 ); from ethyl 
acetoacetate (1:1710) with Zn/Hg + ale. HCl (together with other prods.) see (lO).) 

C on htg. at 70-80° in s.t. with 9 vols. cone. ale. NH 3 yields (12) (13) (10) / 3 -amino-»- 
butyramide [Beil. IV-412], sirup (chloroplatinate, pale yel. ndls. from ale., % Pt. 31.78 
(lOj ( 12 )). 

C on hydrolysis (e.g., with aq. KOH (11)) yields EtOH (1:6130) and crotonic acid 
(1:0425), m.p. 72°, together mth a little 5 -hydroxy-n-butyric acid. 

3:8373 (1) Weidel, Roithner, Monalah. 17, 188 (1896). (2) Price, Schwarez, J. Am. Chem. 80c. 
63, 2894-2895 (1940). (3) Briihl, ilr.n. 203, 27-28 (1880). (4) Balbiauo, Ber. 10, 1749 (1887). 
(5) Lov4q, Johansson, Ber. 48, 1256 (1915). (6) Schjanberg. Z. physik. Chem. A-172, 232 (1935). 
(7) Henry, Butt. aead. toy Belg. (3) 35, 507-520 (1898); CerU. 1808, II 273. (8) Henry, Butt, 
acad. roy. Bdg. (3) 30, 31-54 (1898) ; CerU. 1898, II 663. (9) Pinner, Ber. 17, 2008 (1884). (10) 
Steinkopf, Wolfram, Arm. 430, 141 (1923). 

(11) Balbiano, Ber. 11, 348 (1878). (12) Balbiano, Ber. 13, 312 (1880); Gaze. chim. M. 10, 
137 (1880), (13) Schdbler, Magasanik, Ber. 48, 1812 (1915). 

3:8375 ISOBUTYL CHLOROACBTATE CsHiAQ BeU. H - 198 

(CHj)2CH.CHjO.CO.CH 2C1 ni-( 89) 

Hr- 

B.P. 170° at 760 mm. (1) = 1.0612 (2) =■ 1.4255 (2) 

= 1.0675 (1) 

Colorless liq. with agreeable odor; insol. aq.; sol. ale., ether. 

[For prepn. from isobutyl ale. (1:6165) -j- chloroacetic ac. (3:1370) + cone. H 2 SO 4 
see (1).] 

For study of hydrol. by dil. aq. halogen adds see (3). 

8:8375 (1) Steinlen, Butt. aead. roy. Bdg. (3) 34, 103 (1897) ; CerU. 1897, II 659. (2) Schjanberg, 
Z. pkyeik. Chem. A-172, 228 (1936). (3) Drushel, Hill, Am. J. Sci. (4) 30, 72-78 (1910) ; C.A. 4, 
2438 (1910). 
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3:8378-8:8380 


3:8378 <f;.8^HL0R0-0CTANB CsHiia 

(n-Hexyl-methyl-carbinyl chloride) d 

CH8.CH2.CH2.CH2.CHj.CH*--<!j--C3^ 


BeOLI. 160 

Ii- 

ll-(184) 


B.P. 171-173* cor. (1) 

169-171“ (2) 

66 -66* at 14 mm. (3) 


DiS » 0.86388 (1) 
1^1 = 0.87076 (1) 


[For prepn. of C from octanol-2 (n-hexyl-methyl-carbinol) (1:6245) with HCl (4) (6), 
with PCls (4) (6), or with SOCI2 in pyridine (3) see indie, refs. ; for prepn. of C from octene-I 
+ HCl + AICI3 see (7).] [The large amt. of work on the opt. act. isomers of C cannot be 
discussed here; see Beil. Ii-(60), l2-(124) and subsequent literature inch (8).] 

[For study of rate of reactn. of C with KI in acetone see (2).] 

3:8378 (l) Perkin, J. prakt. Chem. (2) 31, 495 (1885). (2) Conant, Hussey, J, Am. Chem. Soc. 
47, 485 (1925). (3) McKenzie, Tudhope, J. Biol. Chem. 63, 554 (1924/25). (4) Bouis, Ann. 
93, 398 (1854). (5) Malbot, Bull. aoc. chim. (3) 3, 69 (1890). (6) Dachauer, Ann. 196, 270 
(1858). (7) Webb (to Carbide and Carbon Chem. Corp.), U.S. 1,560,625, Nov. 10, 1925; CerU. 

1036, 1 1713; C.A. 30, 51 (1926). (8) Gerrard, J. Chem, Soc, 1944, 85-90; 1945, 10^112. 


3:8380 </^-l,2-DICHLOROHEXANE Ci Ci C 6 H 12 CI 2 
CH2.CH2.CH2.CH2-<!^-(l:H2 

k 


B.P. 172-174* (1) 


= 1.086 <1) 


[For prepn. of C from hexene-1 (1:8255) -4- CI2 see (1).] 
3:83M (1) Biochet, Butt. aoc. ehim. (3) 7, 569 (1892). 


Beil. 1.144 

Il- 

ls- 
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DIVISION B. LIQUIDS WITH BOILING POINTS REPORTED AT 
ORDINARY PRESSURE 


Section 2 . less than 1.1600 

(3:8500-3:8090) 


3:8500 d;I-l-CHLOROPENTANOL-S 

(5*Chloroethyl-ethyl-carbinol ) 


BP. 173” at 760 mm. (1) 

100” at 60 mm. {!> 

77.0-77.5” at 20 mm. (2) 

70-71” at 10 mm. (3) 


CsHuOCl 

CHs.CHs.CH.CH 2 .CHs 
(!)H ii 


Beil. I — 

11- {194) 

12- (4ai) 


= 1.0327 (2) ni* = 1.466 (3) 
1.035 (3) 1.448 (2) 


Liquid with weak odor resembling that of allyl alcohol. — Sparingly sol. cold aq.; sol. 
hot aq. 

(For prepn. of C from /3-chloropropionaldehyde (3:6576) with EtMgBr see (1) (2) (3).] 
[C with AcCl yields (1) 3-aceto^-l-chloropentane, b.p. 89® at 15 mm. (1), while C htd. 
4 hrs. at 160-170° with KOAc yields (4) l-acetoxypentanol-3, b.p. 113-114° at 12 mm. (4); 
C with BzCl yields <1) 3-benzoxy-l-chloropentane, b.p. 168° at 15 mm. (1), while C htd. 
to 180° for 10 hrs. with NaOBz + KI yields <4) l-benzoxypentanol-3, b.p, 181° at 20 mm., 
171° at 11 mm. (4_).] 

[For reactn. of C with alk. NasAsOj see (3).] 

[C with COCI2 yields (5) the corresp. chloroformate, b.p. 95° at 18 mm., which with 
excess NHj gives /5-chloroethyl-ethyl-carbinyl carbamate, m.p. 68° (6).] 

3:8500 (1) Fonrneau, Ramart-Lucas, BvU, soc, chim, (4) 25, 366-368 (1919). (2) Lespieau, BuU. 
8OC. chim. (5) 7, 264-268 (1940); C,A. 34, 6414 (1940). (3) Backer, Bolt, Rec. trav. chim. 54, 70 
(1936). (4) Fourneau, ^mart-Lucas, BvU. soc. chim. (4) 27, 664-666 (1920). (6) Puyal, 
Montagne, BvU. 8oc. chim. (4) 27, 869 (1920). 


3:8510 1-CHLORO-4-ETHYIHEXENE-3 

Cl 

<!5H^CH^CH 

B.P. 173” (1) 


CaHuCl 

CB2.CB3 

[=<!)-CH2.CH, 

0.9102 (1) 


_20 

TId 


Beil, I — 

11 — 

12- (201) 
1.4524 (1) 


[For prepn. of C from 6-chlorohexanone””3 (7-chloro-n-propyl ethyl ketone) [Beil. Ii- 
(355), l2-(747)] with excess EtMgBr see (1).] 

C adds Br2. 

3:8510 (1) De Boosere, BuU, $oe, chim. BOg. 82, 35-39 (1923). 
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3:8615 


3 : 8515 FUROYL CHLORIDB 
(Pyromucyl chloride; 
furan 2-carboxylic 
acid chloride) 

B.P. 173-174** (1) 

173® <2> (3) 

170® (4) 

58® at 12 mm. (6) 

66® at 10 mm. <6} 

59.5-61.5® at 7 mm. (7) 

Colorless strongly refractive liquid rapidly decomposed in strong light (7). — C is stronger 
lachrymator than BzCl (2). 

[For prepn. of C from furoic acid (1 :0476) with PCU (poor yields (3) <4) (6)), with excess 
PCU in dry CHCI 3 as specified (100% yield (6)) (8), with PCls (77% yield (5)), with SOCI 2 
(100% (2), 79% (1), 60% (3)), with SOCI 2 in CeHc (89.5% yield (7)), or with phosgene (9) 
see indie, refs.] 

[C with MeOH yields methyl furoate (1:3462), b.p. 180.5° at 750 mm., 76° at 20 mm., 
= 1.1792, nf? = 1.4876 <10); C with EtOH yields ethyl furoate (1:2082), b.p. 197", 
m.p. 34°; C with furfuryl ale. (1:6425) yields (11) furfuryl furoate, dimorphous cryst., 
m.p. 27.5° and 19 5°, b.p. 122° at 2 mm. (11); for study of reactn. of C with cellulose see 
( 12 ).] 

[C with phenol yields (2) phenyl furoate, m.p. 41 5° (2).J 

[C with CeHs + AICI 3 yields (13) (14) a-furyl phenyl ketone [Beil. XVII-348; XVIIi- 
(186)], b.p. 282-284°; 0 with toluene AICI 3 gives (80% yield (15)) a-furyl p-tolyl ketone, 
m.p. 41-42®, b.p. 18a-183°_at 23 mm. (15).J 

[For study of reactn. of C with CI 2 (16) or Br 2 (17) see indie, refs.] 

C with pyridine in ether or C with Na or Ag furoate yields (18) furoic anhydride, ndls. 
from ale., m.p. 73° (18). 

C on hydrolysis (rate of reactn. even with boilg. aq. slower than BzCl (6)) yields furoic 
acid (1:0475), m.p. 133-134° (for the amide, anilide, p-toluidide, and other derivatives 
corresp. to C see 1 : 0475). 

8:8515 (1) Bogert, StuU. J, Am. Chem. Soc. 48, 252 (1925). (2) Baum, Ber. 37, 2951 (1904), 
(3) Geli^n, van Boon, Rec. trav. chxm. 43, 361 (1924). (4) Li^s-Bodart, Ann. 100, 327 (1856); 
Compt. rend. 43, 393 (1856). (5) Reichstein, Morsman, Hdv. Chim. Acta 17, 1122 (1934). (6) 
Frankland, Aston, J. Chem. Soc. 70, 516-517 (1901). (7) jHartmann, Dickey, Ind. Eng. Chem. 
24, 151-152 (1932). (8) Chavanne, Compt. rend. 134, 1439 (1902). (9) Meuser (to Dominion 
Rubber Co.), Canadian 373,516, May 3, 1938; Cent. 1938, II 3609; C.A. 32, 5003 (1938). (10) 
Price, Chapin, Goldman, Krebs, Shafer, J. Am. Chem. Soc. 03, 1859 (1941). 

(11) Zanetti, J. Am. Chem. Soc. 47, 1452-1453 (1925). (12) Kobe, .Montonna, J. Am. Chem. 
Soc. 53, 1889-1891 (1931). (13) Marquis, BnU. soc. chim. (3) i23, 33 (1900); Ann. chim. (8) 4, 
276-277 (1905). (14) Gilman, Hewlett, loiva State Coll. J. Sd. 4, 27-33 (1929); Cent. 1981, II 
1428; C.A. 24, 1640 (1930). (15) Borsche, Leditsche, Ann. 529, 110 (1937). (16) Hewlett, Iowa 
State CoU. J. Sci. 6» 439-445 (1932); Cent. 1933, I 942; C.A. 27, 979-980 (1933). (17) Shepard, 
Winslow, Johnson, J. Am, Chem. Soc, 52, 2083-2090 (1930). (16) Baum, Ber. 34, 2505 (1901). 


HC CH CsHsOjCl Beil. XVm •276 

bI ^JLo-o ”™- 

i 


V i, 

M.P. -3® (8) 
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3:8516 d^4,6-DICHLORO-2,2-DIMBTHyLPENTANB C7Hi4ai Bell. S.N. 10 

(i,2-Dichloro-4,4rdimethylpeiitane) CHa 

CHr-(!l-CHir-CH-CH» 

in, ii <!a 

B.P. 173-1 76* at 746 nun. (1) = 1.0269 (1) = 1.4480 (1) 

68-59° at 12 nun. (1) 

[For prepn. of C from allyl chloride (3:7035) with 2-methylpropane (isobutane) + 
AICI3 at —10® (13-15% yield accompanied by 35-40% yield of 5-chloro-2, 3-dimethyl- 
pentane (3:8153)), or with ter-butyl chloride (3:7045) -f AICI3 at —10° to —20®, see (1).] 
[C with isobutane + AlCls gives (1) a mixt. of products including <er-butyl chloride 
(3:7045), 5-chloro-2,3-dimethylpentane (3:8153), etc.) 

C with Zn dust + ale. reacts only very slowly under reflux but in s.t. at 120® gives (45% 
yield (1)) 4,4-dimethylpentene-l (1:8285), b.p. 71.8° (1). 

3:8516 (1) SchmerUng, J. Am. Chem. Soc. 67, 1438-1441 (1945). 

3:8517 METHYL 7-CHLORO-/i-BUTyilATE CsHAQ Beil. H -278 

CH2.CH2.CH2.COOCHS Hi— 

k 

B.P. 175-176° at 764 mm. (!) = 1.1268 (1) = 1.4324 (4) 

173-174° (2) 

172-174° at 749 mm. (3) Z)l® = 1.1894 (2) 

102-103° at 68 mm. (3) 

90® at 46 mm. (4) 

55-56® at 7 mm. J5) 

[For prepn. of C from 7-chloro-n-butyronitrile with MeOH + HCl (80% yield (4)) (2) 
see indie, refs.; from 7-methoxy-n-butyric acid (3) by htg. with SOCI2 for 6 hrs. (86% yield 

(3) ) or by htg. 7-methoxy-n-butyryl chloride (84% yield (3)) see (3); from 7-hydroxy-»- 
butyronitrile with MeOH -f HCl see (5).] 

C on 48-hr. reflux with ale. KOH gives (67.5% yield (3)) 7-butyrolactone (1:5070), 
b.p. 206®. 

[C refluxed 8 hrs. with Nal in acetone gives (3) methyl 7-iodo-n-butyrate, b.p. 80-83® 
at 11 mm. (3); C with 4 moles MeMgCl in ether yields (4) 5-chloro-2-methylpentanol-2.J 
C on hydrolysis by boilg. 6 hrs. with cone. HCl gives (32% yield (3)) 7-chloro-n-butyric 
acid (3:0020) q.v. 

For the amide, anilide, p-toluidide, and other derivatives corresp. to C see 7^hloro-n- 
butyricacid (3:0020). 

8:8617 (1) Henry, BvU. acad. roy. Belg. (3) 86, 607-620 (1898); Cent. 1868, II 273. (2) Henry, 
BuU. 8OC. chim. (2) 46, 341 (1886). (3) Blicke, Wright, Zienty, J. Am. Chem. Soc. 68, 2489 (1941). 

(4) B. K. Campbell, K. N. Campbell, J. Am. Chem. Soc. 60, 1375 (1938). (5) Palomaa, Ber. 75, 
339 (1942). 
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3:8518 BTHn.5;-«*CBL0R0-<»-MBTHn^-BirmtATB CTHiiOia 

CHa 

CHj.CH8— (Ij— COOC*H» 


Bea.ll>30e 

Hi- 

Hi— 


B.P. 175* at 747 mm. <1) 


rf* - 1.069 (1) 


1.43683 (1) 


Oily liq.; insol. aq.; sol. ale., ether. 

[For prepn. of C from o-chloro-a-methyl-n-butyronitrile with EtOH + HCl see (I).) 
For the corresp. acid, a-chloro-a-methyl-ii-butyric acid see 3 :8718. 

3:8518 (l) Servaia, Rec. trav. chim. 30, 60 (1901). 


CH3(CH2)6.C=0 CiHiaOCl 


Beil, n- 340 

Hi- 

n*~ 


3:8520 n-H£PTANOYL CHLOBIDB 
(Enanthoyl chloride) 

B.P. P.P. 

175.2® at 760 mm. (1) -83.8® <1) 

175.0® (2) 

174-175® (3) 

77® at 23 mm. <4) 

74-75® at 19 mm. (5) 

59-61® at 11mm. (6) 

56® at 8 mm. (7) 


= 0.95694 <1) 

D? = 0.96170 (1) 

= 0.96645 (1) ni>* ~ 1.43447 <2) 
0.9669 <2) 


[For prepn. of C from heptanoic acid (enanthic acid) (1 : 1140) with PCls (2) (51% yield 
(8)), with PCI 3 (75% yield (1)), with PCI 3 + ZnCh (89% yield (8)), or with SOQ* (yield 
98.5% (6), 80% (8)) see inchc. refs.) 

[For reactn. of C with various higher alcohols see (9), with various acylureas see (10), 
with vanillylamine see (11) (5), with sodium n-heptylate to yield n-heptylic anhydride 
(1:1165), b.p. 258®, see (1) (2).] 

[C with AICI 3 + phenol yields (12) 48% o-(n-heptanoyl)phenol, b.p. 172-174® at 20 mm. 

(13) , 155-156® at 10 mm. (12), m.p. 24® (13), +9.8® (12), * 1.0110 (12), ng® « 

l. 5209 (12) (phenylhydrazone, m.p. 91-92® (13), semicarbazone, m.p. 162® (12)), and 41% 
?>-(n-heptanoyl)phenol, m.p. 93-94® (13), 91-91.5® (12), b.p. 220® at 15 mm. (13) (acetate, 

m. p. 46.5® (12), benzoate, m.p. 96.5-97® (12), 92-93® (13)).) 

[C on warming with NaNs in yields (14) n-hexyl isocyanate, b.p. 163-164® (14), 
and/or (15) n-hexylamine HCl + iV,iV^'-di-7v-hexylurea, m.p. 58-59® (15).l 
[C in ether treated with diazomethane as directed (7) yields l-chlorooctanone-2, b.p. 

91- ;;96® at 10 mm. (7).l 

C on hydrolysis yields n-heptanoic (enanthic) acid (1 : 1140) q.v. (for the amine, anilide, 
p-toluidide, and other derivatives corresp. to C see 1:1140). 

3:8530 (1) Deffet, Bull. soc. chim. Bdg. 40, 389-394 (1931). (2) Lumsden, J. Chem. Soc. 87, 

92- 93 (1905). (3) Freundler, BvU. soc. chim. (3) 13, 833 (1895). (4) Krafft, Ber. 10, 2987 

(1886). (5) Ford-Moore, Phillips, Rec. trav. chim. 53, 855 (1934). (6) Fierz-David, Kuster, 

Hdv. Chim. Acta 33, 86-89 (1939). (7) Spath, Lorenz, Ber. 74, 699-603 (1941). (8) Clark, 
Bell, Trans. Roy. Soc. Can. (3) 37, III 97-103 (1933). (9) Rothstein, BuU. soc. chim. (4) 53, 
1106-1107 (1933). (10) Stoughton, J. Org. Chem. 3, 614-621 (1938). 

(11) Nelson, J. Am. Chem. Soc. 41, 2124 (1919). (12) Sandulesco, Girard, BuU. soc. c5tm. 
(4) 47, 1306-1310 (1930). (13) Coulthard, MarshaU. Pyman, /. Chem. Soc. 1030, 280-291. 

(14) Schroeter, Ber. 43, 3368 (1909). (16) NeUes, Ber. 05, 1346-1347 (1932). 
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3:8523 BTHTL a-CHLOROCROTONATB C6Hg02Cl 

CHg-C-H 

Cl— l^-COOClHs 


BeU. n • 415 
ni-(i89) 
ni-(395) 


B.P. 


ira-iTS® 

(1) 

175-177® 

(2) 

176® at 760 mm. 

(3» 

176® 

<4) 

175-176® cor. 

(5» 

175.6-175.5® 

<6) 


B.P. (cordd.) 


85* 

at 36 mm. 

(3) 

67-68° 

at 16 mm. 

<2) 

72° 

at 14 mm. 

(8) 

61° 

at 10 mm. 

<9> 


* = 1.1086 (8) 

n^-‘ - 1.45303 (8) 
= 1.109 (8) 

1.102 (9) 

Dj** = 1.1133 (6) 

ni?* = 1.45378(6) 
Dl^® = 1.1073 (9) 


[(See also ethyl a-chloroisocrotonate (3:9368).] 

[For prepn. of C from a-chlorocrotonic acid (3:2760) in EtOH with dry HCl gas (4) 
(5) (8) or with cone. H2SO4 (9) see indie, refs. ; from a-chloroisocrotonic acid (3 : 1615) in 
EtOH with cone. H2SO4 at 100® (note isomerization) see (9); from the ethyl ester of the 
lower-melting (63®) a,/3-dichloro-n-butyric acid (3: 1375) in EtOH with KCN (1 mole) for 
10 min. (75% yield) see (3); from ethyl a,a,/8-trichloro-n-butyrate (3:6380) with Zn in 
moist ether (100% yield) see <10); from a,a,/9-trichloro-n-butyraldehyde (butylchloral) 
(3:5910) (!) aa hydrate (3> or cyanohydrin (3) in EtOH with KCN (2 moles) below 15® 
(85% yield (3)) see indie, refs.; from ethyl a-chloro-a-vinylacetate (2) by isomerization of 
the double bond with NaOAc/AcOH under reflux 30-40 hrs. see (2).] 

[C with Al/Hg in ale. gives (11) crotonic acid (1:0425), m.p. 72®.] 

C with diazomethane in dry ether does not react <12); however, upon addn. of a drop 
of water addition of CH2N2 to unsatd. linkage takes place with elimination of HCl (on 
distillation) yielding (12) ethyl 4-methylpyrazole-3-(5)carboxylate [Beil. XXV-117], 
m.p_. 156-157® (12). 

[C with piperidine (3 moles) in abs. ale. stood 3 hrs. then neutralized, etc., (13) gives 
(by reactn. of 1 piperidine with the halogen and addition of a second molecule of piperidine 
to the unsatd. linkage (or vice versa)) (63% yield (13)) ethyl o,i8-di-piperidino-n-but3rrate, 
viscous oil, insol. aq., b.p. 181-183® at 14 mm.] 

3:8623 (1) Wallsch, Ann. 173 , 301 (1874). (2) Rambaud, BuU. soc. chim. (5) 1 , 1363-1354 
(1934). (3) Chattaway, Irving, J, Chem. Soc. 1929, 1043-1045. (4) Sarnow, Ann. 164 , 101 
(1872). (6) Perkin, J. Chem. Soc. 66 , 424 (1894). (6) Eisenlohr, Ber. 44 , 3208 (1911). (7) 

Roberts, J. Chem. Soc. 1938 , 779. (8) von Auwers, Ber. 46 , 2806 (1912). (9) von Auwers, Ann. 
482 » 61 (1923). (10) Michael, Schulthess, J. prakt. Chem. (2) 43 , 595 (1891). 

( 11 ) Wislicenus, J. prakt. Chem. (2) 64 , 59-60 (1896). (12) von Auwers, KOnig, Ann. 496 , 31, 
41 (1032). (13) Robots, J. Chem. Soc. 1938 , 963-964. 
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3 : 8696 - 3:8630 


3:8696 2,6-DlCHLOROHEXANE Cl a CtHuCls 

CHy-<|!-CHj.CH 4- 






I->CH3 


dft-form 

B.P. 

176.4-177.4® cor. at 751.1 mm. (1) 
62.0-62,6** at 12 mm. (2) 


meso-form 


jDJ® = 1.0431 (1) 

Di* = 1.0699 (2) fl{? 
DJ = 1.0675 (1) 


B.P. M.P. 

177.8-178.9® cor. at 761.8 mm. <1) 18.7° (1) 

» 1.0459 (1) 


BeU. 1-144 

Ii— 

Ir- 


- 1.4495 ( 2 ) 


(For prepn. of C (presumably mixt. of both diastcreoisomers) from hexadiene-1,5 (biallyl) 
(1:8045) by shaking with 5 vols. cone. HCl for 120 hrs. at room temp. (57% yield ac- 
companied by 23% 5-chlorohcxene-l (3:7665)) see (1); from 2,5-dimethyltetrahydrofuran 
[Beil. XVII-14] on protracted treatment with HCl gas + ZnCl 2 ( 8 % yield (3)) see (3).] 
(For sepn. of meso- from (i,l-form by cooling to —50® see <!).] 

[For behavior of C on treatment with N/10 aq. ale. KOH see (2).] 

3:8626 (l) Cortese, J. Am. Chem. Soc. 62, 1519-1520 (1930). (2) Tishchenko, /. Gen. Chem. 
(U.S.S.R.) 9. 1380-1388 (1939); C.A. 34, 1611 (1940). <3) |Fried, Kleene, /. Am. Chem. Soe. 
63, 2691 (1941). 


3; 8628 ETHYL d,f-a-CHLORO.ISOVALERATE C 7 H 13 O 2 CI BeU. H- 316 

(Ethyl a-chloro-/3-methyl-n-butyrate) CH 3 — CH — CH — COOC 2 H 6 Hi — 

in, ii 

B.P. 177-179° at 766 mm. (1) DL** = 1.091 (1) n- = 1.49951 (1) 

Oil with odor like peppermint. 

[For prepn. of C from a-chloro-iso valeric acid (3:0050) with EtOH + H 2 SO 4 see ( 1 ); 
for formn. from ethyl a-diazo-isovalerate with HCl see ( 2 ).] 

3:8628 (1) Servais, Rec. irav. chim. 20, 54 (1901). (2) Curtius, J. praJet. Chem. (2) 126, 254 (1930). 

3:8530 n-BUTYL CHLOROACETATE C 6 H 11 O 2 CI BeU. n - 198 

n-C4H90.C0.CH2Cl Hi— 

n2-(i92) 

B.P. 178.9-179° at 737 mm. (1) Zjf = 1.0704 <4) - 1.4301 (4) 

176.7° (2) 

94° at 38 mm. (3) 

Colorless mobile liq. with fragrant odor. — Insol. aq., misc. with ale. or ether (5). 

[For prepn. (97% yield (3)) from n-butyl_alc. (1:6180) chloroaoetic ac. (3:1370) 
see (3>.l 

[For study of insecticidal action of vapor of C see ( 6 ).] 

3:8630 (l) Gustus, Stevens, /. Am. Chem. Soc. 66, 384-385 (1933). (2) Cheng, Z. phyeik. Chem. 
B.24, 307 (1934). <3) Liston. Dehn, J. Am. Chem. Soc. 00, 1264-1265 (1938). (4) Schjanberg, 
Z. phyeik. Chem. A-172, 228 (1935). (5) Gehring, BvU. soc. chim. (2) 46, 147 (1886). (6> Roark, 
Cotton, Ind. Eng. Chem. 20, 612-514 (1928). 
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3:8535 BENZYL CHLORIDB 
(ot-Chlorotoluene ; 


CrHra Beil. V- 292 

Vi.(151) 

oMshlorotoluene) 



V»-(227) 

B.P. 




r.p. 

= 1.08977 (24) 

179.36® 

at 

760 mm. 

<i> 

-37.6° (23) 

179.3® 

at 

760 mm. 

(2) 

-39.0° (1) 

1.08815 (28) 

179® cor. 



(3) 

-39.3° (24) 

1.08609 (28) 

179® 

at 

749 mm. 

(4) 

-39.7° (7) 

= 1.00460 (24) 

178.8-179.0® 

at 

766 mm. 

(5) 

-41.2° (25) 

1.100 (29) 

178.5-179® 



<6) 

-43.2° (26) 

n!)° ■= 1.5363 (21) 

178.6® 

at 

764 mm. 

(7) 

-48.0° (27) 

= 1.09943 (24) 

178.0-178.5® 



(8) 


ng = 1.5391 (31) (32) 

177.6-178® 

at 

756 mm. (142) 


n}J* = 1.5391 (33) 

177.0-177.5® 

u.c 


(9) 


Dl®* = 1.1138 (30) 

176.2-178.3® 



(28) 


nj,®* = 1.5415 (30) 

175-176.2® 

at 769.3 nun. 

(10) 


> 1.10426 (24) 

174.0-174.8® 



(28) 


ni>®; » 1.54124 (24) 

173® dec. 



(11) 


Dl = 1.099 (34) 

172® 

at 

730 mm. 

(12) 


nh = 1.5415 (34) 

141® 

at 

261 mm. 

(13) 



128® 

at 

163 mm. 

(13) 


See also Note 2. 

118® 

at 

Ill mm. 

(13) 


See also Note 3. 

106.2® 

at 

92 tnm. 

(14) 



103® 

at 

76.1 mm. 

(14) 

Note 1. Despite an earlier report (1), C is later 

96-99® 

at 

62 mm. 

(15) 

(34) stated to decompose so readily on heating 

100® 

at 

69 mm. 

(13) 

that precise detn. of boiling point at 760 mm. is 

93.3® 

at 

47.8 mm. 

(14) 

impracticable. 


89.9® 

at 

40 mm. 

(14) 



83.6® 

at 28.64 mm. 

(14) 



81.5-82® 

at 

28 mm. 

(16) 

Note 2. The presence of benzyl ale. (1:6480) 

81.8® 

at 26.74 mm. 

(14) 

lowers density; presence of HCl or of oxidation 

78.'^® 

at 

22.1 mm. 

(14) 

products raises 

density (24). 

73.9® 

at 

17 mm. 

(14) 



66-67® 

at 

16 mm. 

(17) 



70.4-70.5® 

at 

16 mm. 

(11) 

Note 3. Values of no- for mixtures of C with 

64.0-64.2® 

at 

12 mm. 

(18) 

benzal (di)chloride (3:6327) (for which nl? « 

66® 

at 

11 mm.' 

(13) 

1.5502) are linear with composition (31). 

61-62® 

at 

11 mm. 

(19) 


, 

63.0® 

at 

8.2 mm. 

(14) 



67-58®. 

at 

8 mm. 

(20) 



56-58® 

at 

4-6 mm. 

(21) 



51-52® 

at 

4 mm. 

(22) 




See also Note 1. 


[See dao hemal {di)chloride (3 : 6327) and henzotrichloride (3 : 6640).] 

Colorless liq. with penetrating odor; vapor of C is irritating to eyes. — Insol. aq., volatile 
with steam. — Insol. cold cone. H 2 S 04 i but soon reacts evolving HCl. C dissolves below 
—20® in equal vol. pet. ether (36). 
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3:8536 


Binaiy systems containing C. C toluene: for b.p. and vapor press, relations see (36). ^ 
C + anieole: for f. p./composition data see (25). — 5 4 * N^methylaniline: for f.p. /composition 
data see (25). 

€ with hemaldehyde (1:0195) forms a const.-boilg. mixt., b.p. 177.9® at 760 mm., contg. 
60 wt. % C (37-a). — C with n^bniyric acid (1 : 1035) forms a const.-boilg. mixt., b.p. 160.8® 
at 760 mm., contg. 35 wt. % C (38). — C with isobiUyric acid ( 1 ; 1030) forms a const.-boilg. 
mixt., b.p. 153.5® at 760 mm., contg. 20 wt. % C (38). — C with n-cajiroic acid (1:1130) 
forms a const.-boilg. mixt., b.p. 179.0® at 760 mm., contg. 97 wt. % C (38). 

C wUh chloroacetic acid (3:1370) forms a const.-boilg. mixt., b.p. 172® at 760 mm., contg. 
72 wt. % C (38-b). — C with “ a-dichlorohydrin ” (l,3-dichloropropanol-2) (3:5985) forms 
a oon 8 t.-boilg. mixt., b.p. 168.9® at 760 mm., contg. 43 wt. % (2) 

PREPARATION OF 6 

From benzene. The prepn. of C from benzene (1 : 7400) by direct introduction of the 
— CH 2 CI group (chloromethylation) has been much studied especially in recent years. 
Chloromethylation may be effected with paraformaldehyde (1:0080), formalin (1:0145), 
chloromethyl methyl ether (3:7085), or 6 is-(chloromethyl) ether (3:5245), each in the 
pres, of ZnCb and frequently also of HCl gas. For a general review of the process of chloro- 
methylation see (39) and subsequent articles (32) (40) (41). Various by-products of the 
reaction are formed, notably co,«D'-dichloro-p-xylene (3:2825) and diphenylmethane 
(1:7120). For study of further chloromethylation of C to various poly- (chloromethyl )- 
benzenes see (41). 

[For prepn. of C from CeHa (1:7400) by chloromethylation with paraformaldehyde 
(1:0080) -h ZnCl 2 4- HCl (yields: 80% (42), 73.5% (40), 70% (32), 36% (42)) ( 39 ), with 
formalin (1:0145) 4- ZnCb + HCl (yields: 70.5% (40), 57% (44)) (45) (39) (48), or with 
chloromethyl methyl ether (3:7085) {40) (43) (46) (47) or Ws- (chloromethyl) ether (3:5245) 
(40) (43) see indie, refs.] 

From toluene. [For prepn. of C from toluene (1:7405) by chlorination with SO 2 CI 2 
in pres, of dibenzoyl peroxide (75-80% yield (15)), with SO 2 CI 2 (for study of effect of 
catalysts see (83) (84)) below 130® (49) (50), with SO 2 CI 2 in pres, of acetyl chloride (51), 
with CI 2 (52) (53) (for study of catalysts see (85)) in vapor phase (54) (55) (61) in light 
(56) (57) (58) (59) (60) (62), with CI 2 in pres, of Pb + PCI 3 (63), with NOCl at 150® (64) or 
350® (65), with NCI 3 ( 66 ), or with /er-butyl hypochlorite (3:7165) (62% yield (67)) see 
indie, refs.) 

From benzyl alcohol. [For prepn. of C from benzyl alcohol (1 : 6480) with HCl gas ( 68 ), 
with cone. aq. HCl at 60® (70-100% yield (69)) (70) in C^He (study of Idnetics at 60® (71)), 
with cone. HCl 4- ZnCb in cold ( 100 % yield (72)), with PCI 3 4- ZnCl 2 (60% yield (72)), 
with SOCI 2 ( 100 % yield (73)) in CeHe (85% yield (72)) or in iV’,N-dimethylaniline (26% 
yield (72)), or with AlCls in pet. eth. above 40® (74) see indie, refs.) 

From other miscellaneous sources. [For formn. of C from benzyl chloroformate (3 : 9565) 
on htg. (75) (76), from benzyl benzoate (1 :4422) with 5 moles SO 2 CI 2 (77), from dibenzyl 
ether (1 : 7640) or other benzyl ethers with PCls (78), from dibenzyl disulfide with excess 
SO 2 CI 2 in CeHe at 37-39® (79), from benzylamine with NOCl in ether at —15® (80) or 
with aqua regia (81), or from tetrabenzylhydrazine with cone. HCl on htg. (82) see indie, 
refs.] 

CHEMICAL BEHAVIOR OF 6 

Determination of C. Many methods for detn. of C have been employed and no complete 
listing can be given here; the following examples, however, may be helpful. [For detn. of 
C by boilg. with ale. AgNOs and weighing pptd. AgCl see (85) cf. (83); for detn. of C in 
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CeHe by addn. of excess standard AgNOs in isopropyl ale., htg. several hrs^, and excess 
AgNOs titrated with standard aq. NaCl see (71); for methods of detn. of C in pres, of 
benzal (di)chloride (3:6327) or benzotrichloride (3:6540) see (86) (87).] 

Pyrolysis of C. [C on boiling (34) (88) gradually dec. with evoln. of HCL — C over 
glowing Pt wire gives (89) (90) much stilbene (1:7250) accompanied (91) by small amounts 
of toluene (1:7405) and dibenzyl (1:7149).] 

Resinification of C. C under the influence of various catalysts condenses with itself 
evolving HCl and yielding a material of composition (C7H6)n; this material is often (though 
incorrectly) designated as polymeric C. Because of the indefinite character of the product 
and the voluminous and diffuse character of the literature, no exhaustive review will here 
be attempted. However, for extensive reviews of this reaction see (92) (93); for studies 
of catalysts for this type of reaction see also (94) (95) (96) (97). 

Reduction of C. [C with H2 in pres, of Pd/BaCOa (98) or Ni (99) in ale. KOH loses all 
its halogen as HCl (use in quant, detn.), but the corresp. org. reduction prod, has not 
been characterized. — C with H2 in pres, of colloidal Pd in ale. gives (76% yield (100)) 
toluene (1 : 7405) . — C with EtOH 4-_Zn dust on boilg. gives (101 ) cf. (102) toluene (1 : 7405 ) 
+ benzyl ethyl ether (1:7530). — C in EtOH/KOH with hydrazine hydrate in pres, of 
Pd boiled for 1 hr. gives (29% yield (103)) dibenzyl (1:7149); note that in cone. soln. only 
traces of dibenzyl are formed (103) cf. (104) and the principal prod, is iVjAT-dibenzyl- 
hydrazine [Beil. XV-533, XVi-(164)] accompanied by some benzyl ethyl ether (1 : 7530).] 
Oxidation of C. C upon oxidn. yields either benzoic acid or benzaldehyde according 
to circumstances. 

|C with air at 160® over Ni cat. (105), with O2 in u.v. light (106), or with Cr03/H2S04 at 
95-98® for 1 ]/i hrs. (note that /3-chloroethylbenzene (3 : 8712) is stable under these conditions 
(107)) cf. (53), gives benzoic acid (1:0715). — C with cone. aq. alk. at 250-280® and at 
306-600 Ib./sq. in. press, gives (80-90% yield (108)) benzoic acid (1 :0715).] 

[C with equimolal amt. Se02 refluxed without solv. for 3 hrs. (109), with Cr02Cl2 followed 
by aq. (110), with hot very dil. HNO3 (111) (112), with hot 14% aq. Pb(N03)2 (HI), with 
boilg. aq. Ca(N03)2 (112), with boilg. aq. Na2Cr207 4- Na2C03 (113), with boilg. aq. or ale. 
hexamethylenetetramine (114) (115), with air at 160° over Ni cat. (105), or with steam + 
air at 360-480® over V2O6 on pumice (116) (117) gives benzaldehyde (1:0195); naturally 
any over-oxidn. gives also some benzoic acid (1 :0715).] 

[Note that auto-jgnition temp, of C on Pt in air at ord. press, is 627® (118).] 
Substitution of C. Chlorination. [C with NOCl at 150® gives (64) benzal (di)chloride 
(3 : 6327). — C with aq. PbCl4.2NH4Cl on boilg. gives (119) benzal (di)chloride (3 : 6327) ■+■ 
benzotrichloride (3:6540). — C with CI2 in pres, of I2 at 30-40° gives (120) cf. (121) both 
o-chlorobenzyl chloride (3:6400) and p-chlorobenzyl chloride (3:0220). — Note that C 
with CI2 in sunlight (122) undergoes both substitution and addition and that only isolatable 
prod, was benzal (di)chloride hexachloride, m.p. 153°.] 

Bromination. [C with Br2 at 100® gives (123) cf. (124) a mixt. of benzyl bromide, benzal 
chlorobromide, and benzal (di) bromide. — C with Br2 4- BeBr2 in ether gives (125) p- 
bromobenzyl bromide. — C with Br2 in pres, of I2 gives (126) (127) a mixt. of p-bromobenzyl 
bromide and p-bromobenzyl chloride.] 

SuLfonation. [Presumably because of facile hydrolysis or resinification of C with cone. 
H2S04, its direct sulfonation has not been reported. However, p-sulfobenzyl chloride 
(w-chlorotoluene-p-sulfonic acid) [Beil. XIi-(30)] has been prepd. (e.g., (128) (129)) from 
sodium salt of p-toluenesulfonic acid by chlorination.] 

Nitration. C on mononitration gives a mixt. of o-nitrobenzyl chloride (Beil. V-327, 
Vi-(162), V2.(262)1, m.p. 49-50® (130), 49.5® (17), 48-48.5® (131), 48-49® (132), 47.9® 
(133) (143), w-nitrobenzyl chloride [Beil. V-329, Vi-(163), V2-(262)1, m.p. 46-46° (130), 
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46.5® (17) (131) (134), 44.9® (143), 44.8® (133), and ;>-nitrobenzyl chloride (Beil. V-329, 
Vr(163), V2*(263)], cryst. from ale., m.p. 72.5® (17) (131) (134), 72.4® (133), 71-72® (130), 
71.95® (143), 71® (53). — (For earlier studies of this mononitration of C see (53) (135) (136) 
(137) (138) (139) and especially (140). — Subsequent studies of this mononitration have 
been primarily concerned with the proportion of isomers; e.g., C on mononitration with 
cone. HNOa in acetic anhydride gives (133) 40.9% o-, 4.2% m-, and 54.9% p-nitrobenzyl 
chlorides (cf. (141) (142) (144)). — For thermal anal, of various mixtures of these three 
nitrobenzyl chlorides see (133) (143). — For study of rate of nitration of C in nitrobenzene 
soln. at 16-18® see (145). Note that p-nitrobenzyl chloride is a useful reagent for character- 
ization of organic acids by conversion to the corresp. p-nitrobenzyl esters (146) (147) ; for 
transformation of p-nitrobenzyl chloride to p-nitrobenzyl bromide in ale. NaBr see (147) cf. 
(148).] 

[Direct polynitration of C has not been reported; however, p-nitrobenzyl chloride on 
further nitration with HNO3/H2SO4 as directed (149) (150) gives 2,4-dinitrobenzyl chloride 
(Beil. V-344, V2-(263)], tbls. from ether, m.p. 34° (150), 33-34° (149). — No other dinitro- 
benzyl chlorides and no trinitrobenzyl chlorides have been reported.) 

Hydrolysis of C. C on hydrolysis by various means gives benzyl alcohol (1 : 6480) and 
HCl. 

(C with aq. on protracted boilg. (151) (86) in sunlight (154), with steam + cat. at 550- 
850® (155) cf. (156), with boilg. aq. K2CO3 (157) or alk.-earth carbonates at elev. temps. 
(158) (159), with hot aq. suspension of PbO (111), with boilg. aq. Na2C03, NaOH, or their 
mixt. (160) (161), or with anhydrous formic acid (162) gives benzyl alcohol (1:6480). — 
For studies on kinetics of hydrolysis of C in aq. (163) (169), in 95% EtOH at 30® and 40° 
(164) (165), in 50% acetone at 60® (166) cf. (167) (168) (170) (17), in dioxane (22), or in 
formic acid (170) see indie, refs.) 

Behavior of C with Other Inorganic Reactants 

With alkali sulfhydrates. [C with ale. KSH (171) (172) or aq. NaSH (173) (174) (175) 
gives (75% yield (172)) benzyl mercaptan [Beil. VI-453, VIi-(224), VI?-(427)1, b.p. 194- 
195® (171), 99° at 32 mm. (176), 75.8-76.2° at 10 mm. (11), = 0.8097 (176), nff = 

l. 5729 (176) (corresp. benzoate, m.p. 30° (177), 3,5-dinitrobenzoate, m.p. 119-120® (177), 
reaction prod, with 3-nitrophthalic anhydride, m.p. 136-137° (177), 2,4-dinitrophenyl 
thioether, m.p. 182.5° cor. (185)). Note that benzyl mercaptan with isotopic sulfur has 
been prepared (178) from C via conversion to RMgCl and reaction with S®^.] 

With alkali sulfides. [C with ale. K2S (171) or ale. Na2S (179) gives (83% jrield (179)) 
dibenzyl sulfide [Beil. VI-455, VIi-(225), Vl2-(429)], tbls. from ether, CHCI3, or ale., m.p. 
49-50® (180), 49® (171) (179) (181) (corresp. sulfoxide [Beil. VI-456, VIi-(226), Vl2-(429)], 

m. p. 135® (182), 133-134.6® (183), 132-133® (179); corresp. sulfone [BeU. VI-456, VIi-(226), 
Vl2-(430)], m.p. 151® (184), 149.5-151® (183), 149.5-150® (179)).! 

With alkaU polysulfides. [C with ale. Na2S.9H20 -f S (186) (189) in CeH® (187) cf. (188) 
gives dibenzyl disulfide [Beil. VI-465, VIi-(229), Vl2-(437)], m.p. 74° (189), 72° (190), 
71-72® (191), 70® (186) (corresp. disulfoxide [Beil. VI-466, VIi-(230), Vl2-(438)], m.p. 108® 
(190) (192) cf. (209) (201) (210)).] 

With salts of various sulfur adds. [C with cone. aq. K2SO8 (194) cf. (196) or Na2S08 
(195) in aq. ale. at 37® (197) (for study of rate at 40® see (16)) or at 190-200° under press. 
(98% yield (198)), or 6 with aq. Na2S08/NaOH on boilg. (80% yield (199)) (192), gives 
corresp. salt of toluene-o-sulfonic acid (benzylsulfonic acid) [Beil. XI-116, XIi-(32)l; for 
dimorphism of Na salt see (200) (corresp. sulfonyl chloride, m.p. 92-93° (201) (202), 92® 
(203); corresp. amide, m.p. 105° (203) (192), 104-105® (199), 102® (204); corresp. methyl 
ester, m.p. 61-82® (205)).] 
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[C with Na 2 S 203 on boilg. in aq. ale. <206) or aq. <207) gives salt of 5-benzylthiosulfurie 
add [Beil. VI-439, VIi-(230)] (corresp. quaternary salt, viz., benzyl-dimethyl-phenyl- 
aznmonium iS-benzylthiosulfate, from metathesis of benzyl-dimethyl-phenyl-ammonium 
chloride with sodium iS-benzylthiosulfate, has m.p. 104** <208)).] 

With salts of other inorganic acids. [C with Nal in acetone < 211 ) < 212 ) or abs. MeOH 
<213), or C with KI in acetone <214) or EtOH <215), gives (90% yield <211)) benzyl iodide 
[Beil. V-314, Vi-(167), V2-(241)], m.p. 24® < 211 ) < 212 ), 27-30® <213), b.p. 97-98® at 11 mm. 
<216), 93® at 10 mm. <214). — For study of rate of reaction of C with KI in acetone at 25® 
<19) <20), 30® <19), and 50® <19), or with Nal or Lil in acetone at 25® or 30® <19), see indie, 
refsj 

[C with powdered AgNOa in dry ether 20 hrs. in cold, then at 70-75® for 5 hrs., gives 
(84% yield <219)) <220) benzyl nitrate [Beil. VI-4391, explosive liquid, b.p. 106® at 20 mm. 
<219), 100-101® at 18 mm. < 21 ), 43® at 0.5 mm. < 220 ). — For study of kinetics of reaction 
of C with solid AgNOa < 221 ) in pres, of inert diluents such as dry ether, CHCla, and CCI 4 
<222) see indie, refs.; for study of kinetics of reaction of C with Hg(N 03)2 in aq. dioxane 
see < 21 ).] 

[C with AgNOa <223) <224) <231) or better mercurous nitrate <225) gives «-nitrotoluene 
(phenylnitromethane) [Beil. V-325, Vi-(161), V2-(249)l, b.p. 225-227® dec. <226) <227) cf. 
<228), 141-142® si. dec. at 35 mm. <226), 135® at 25 mm. <229), 118-119® at 16 mm. <230), 
no® at 8 mm. <231), 90-92® at 3 mm. <232); - 1.1540 <233), * 1.1598 <226); 

nnJ * 1.5285 <233), nf? = 1.5323 <226); note, however, that phenylnitromethane is best 
prepd. in a different way, viz., from benzyl cyanide with methyl nitrate and alc./NaOEt 
(50-55% yield <232)). — Note that the isomeric benzyl nitrite [Beil. VI-439], unstable oil, 
b.p. 80^1® at 35 mm. <234), has been reported from benzyl alcohol (1:6480) with aq. 
NaN 02 + H 2 SO 4 <234).] 

(C with NaNa in ale. refluxed 6 hrs. gives (90% yield (234)) w-azidotoluene (benzyl azide) 
[Beil. V-350, Vi-(174), V2-(274)], oil, insol. aq. and volatile with either steam or ether, b.p. 
108® at 23 mm. <235), 82.5® at 16.5 mm. <234), 74® cor. at 11 mm. <236); « 1.0655 

<237); nf#*® « 1.53414 <237).] 

[For behavior of C with metallic cyanides see below under organic acids.] 

With ammonia. C with ammonia under various circumstances (see below) gives one 
(or more) of the following amines. 

Bemylamine [Beil. XII-1013, XHi-(445)], liq. with faint characteristic odor, misc. with 
aq. ale. ether: b.p. 184.5® cor. at 760 mm. <238), 184-186® cor. at 745 mm. <239), 184® at 
767 nun. <240), 182® at 749 mm. <226), 181.&-182® at 740 mm. <241), 90® at 12 mm. (242); 

» 0.9812 <243), Df » 0.9822 <244); nf? - 1.54015 <226), n{?® = 1.54406 <244) 
(corresp. B.HCl, m.p. 255.5-258® <245), 255-256® rap. htg. <226), 253® <246); B.PkOH, 
m.p. 195-199® <247), 194® <248); B.3,5-dinitrobenzoic acid, m.p. 210.0® cor. <249); B.2,4- 
dinitrobenzoic acid, m.p. 199.1-200.1® cor. <513); B.p-toluenesulfonic acid, m.p. 180.5- 
181.5® u.c. <250), 180® <251)). — Dibenzylamine [Beil. XII-1035, XIIi-(453)], oil, insol. aq., 
eas. sol. ale., ether; b.p. >300® dec. <252), 268-271®cor. at 250 mm. <238), 218-220® at 60 mm. 
(253), 215® ± 1® at 39 mm. <254), 186® at 19 mm. <255), 172® at 14 mm. <256); f.p. -25.6® 
<254); « 1.024 (255), 1.019 <257); « « 1.0256 <244); n|} ® » 1.57432 <244) (corresp. 

S.HC 1 , m.p. 256® (252), 255.5® <258); S.p-toluenesulfonic acid, m.p. 155.5-156.5® u.c. <250)). 
— Tribenzylamine [Beil. XII-1038, XIIi-(464)], solid, m.p. 92® <259) <260), 91® <256) <261) 
(262); b.p. 218-222® at 14 mm. <256), 230® at 13 mm. <259) (corresp. 6,HC1, m.p. 227-228® 
<263), 221® <261); B.p-toluenesulfonic acid, m.p. 200.0-202.5® u.c. <250)). 

[For formn. of mixts. of benzylamine, dibenzylamine, and tribenzylamine (properties 
given in preceding paragraph) from reaction of C with aq. NH 4 OH at 80® for 8 days <264) 
or at 125® and 8 atm. press. <265) in pres, of cat. <266); from reaction of C with ale. NH^ otk 
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stdg. several days <268) (269) (270) or in s.t. at 100^ (256) (267), with NHs in cone. aq. 
phenol in s.t. at 100® for 18 hrs. (271), with liq. NH3 for 24 hrs. (256), or with 6 moles aq. 
(NH4)2C08 for 5^ hrs. at 85-110® (160) see indie, refs.) 

[For formn. of benzylamine from reaction of C with K phthalimide at 170-180® followed 
by hydrolysis of the JV-benzylphthalimide (see below under (©*s) with fumg. HCl at 200® 
for 2 hrs. (272) cf. (273) (274), with silver cyanate followed by hydrolysis with alkali 
(275) (276) cf. (268) (277), with acetamide followed by hydrolysis with ale. KOH (278), or 
with hexamethylenetetramine followed by hydrolysis with ale. HCl (279) see indie, refs.] 

[For formn. of tribenzylamine from reaction of C with NaNH2 at 120® for 24 hrs. see 
(261) (280).] 

With hydroxylamine. [C with NH2OH.HCI + NaaCOa in aq. ale. under reflux ^ves 
(281) (282) (283) (284) ATjiV^-dibenzylhydroxylamine [Beil. XV-19, XVi-(9)], m.p. 124® 
(284), 123-124® (285), 123® (281); note that the isomeric O,i\r-dibenzylhydro?^lamine 
[Beil. XV-21], oil, b.p. 145-146° at 3 mm. (286), b obtd. indirectly. — C with acetone oxime 
refluxed in 75% AcOH gives (287) (as the hydrochloride) AT-benzylhydroxylamine [Beil. 
XV-17, XVr(8)], m.p. 57® (288), 5fl-58® (289) (B.HCl, m.p. 110® (288)). — Various other 
benzylated hydroxylamines cannot be discussed here.] 

With hydrazine. [C with ale. 50% hydrazine hydrate under reflux gives (290) N,N-- 
dibenzylhydrazine [Beil. XV-533, XVi-(164)], m.p. 65® (B.HCl, m.p. 202® (292), 200® (290)); 
note that the isomeric Ar,A'-dibenzylhydrazine [Beil. XV-534, XVi-(166)], m.p. 47® (291) 
(fi.HCl, m.p. 225® (293)), is prepd. indirectly. — Various other benzylated hydrazines 
cannot be discussed here.] 

With metals. Sodium. [C with Na at 30® on stdg. gives (294) encrustation of NaCHa.- 
CsHs [Beil. XVIi-(589)]; the solid is wine red within 5 hrs., red-violet in 12 hrs., blue- 
violet in 36 hrs., and finally blue-black; and the sodium benzyl can be isolated as a blue- 
violet solid stable in air (294). — C with Na at 100® (295) in a mixt. of CeHe and toluene 
(296) or in toluene (297) gives dibenzyl (1 : 7149). — C with Na in liq. NH3 loses its halogen 
quantitatively (298) giving (50% yield (299)) dibenzyl (1:7149) accompanied by toluene 
and other products. — For study of free benzyl radical from C with Na vapor in helium 
see (302).] 

[C with Cu powder in s.t. at 150-160® for 12 hrs. (300), or C with A1 powder (pretreated 
with H2 at 500®) refluxed at 200® for 1 hr. (301), gives (60% yield (301)) dibenzyl (1:7149).] 

Magnesium. [C as vapor passed over htd. Mg gives (303) magnesium aUylide which 
with aq. yields methylacetylene (“ allylene ").] 

[C with Mg in dry ether gives (304) (305) (306) C6H6.CH2MgCl: for study of optimum 
conditions (311) giving yields of 94.28% (307), 93.2% (308), 91.0-94.1% (309), 90.7-91.2% 
(310) see indie, refs.; for study of effect of nature of Mg (312), of use of ether /hydrocarbon 
mixts. as solvent (313), of stability toward long boilg. in ether or ether /benzene (314) 
see indie, refs.; for further examples of practical prepn. of C«H6.CH2MgCl see (315) (316). — 
Note that some dibenzyl (1 : 7149) (e.g., 9,4% (317)) and di-p-tolyl (4,4'-dimethylbiphenyl) 
(318) are also formed and the yield of dibenzyl is greatly increased in pres, of cat. such as 
CuCl2, HgBr2, FeCls, FeBrs (319), or MoCls (320).] 

I An exhaustive treatment of the behavior of C6H5.CH2MgCl (hereafter called RMgCl) is 
far beyond the scope of this book, but the following examples will be useful and will serve 
as lead references; for further examples see Beil. XVI-939, XVIi-(554) and subsequent 
literature. 

[RMgCl with O2 gives (80% yield (321)) cf. (322) benzyl alcohol (1:6480). — RMgCl 
(1 mole) gives (84% yield (323)) (324) (325) C«H6CH2HgCl, m.p. 104® (323) (324) (326), 
but excess RMgCl with HgCl2 gives (326) (325) (327) dibenzyl mercury, m.p. Ill® (326). — 
RMgCl with SbCla gives (328) tribenzylstilbene, m.p. 107-108®. — RMgCl with ClNHj 
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gives (yields: 92% (329), 85% (212)) benzylamine (for constants see above under behavior 
of C with NHa) as hydrochloride; RMgCl with BrNH 2 gives (63% yield (330)) benzyl- 
amine. — RMgCl with NCI 3 gives (331) both benzylamine (32% yield) and dibenzylamine 
(7% yield). — RMgCl with SiF 4 gives (336) (C 6 H 6 .CH 2 ) 8 SiF, m.p. 79®, accompanied by 
some (C 6 H 6 .CH 2 ) 4 Si, m.p. 127.5®; the latter is also obtd. (20.7% yield (337)) from RMgCl 
with Na 2 SiF 6.1 

RMgCl with organic reactants frequently (but not invariably) leads to products derived 
from o-tolyl MgCl and/or p-tolyl MgCl: for reviews on and studies of this rearr. of RMgCl 
see (332) (333) (334) (335). — RMgCl shows little if any tendency to act as a reducing 
agent in Grignard additions; for review of reducing action of many Grignard reagents 
(including C 6 H 6 .CH 2 MgCl) see (338). 

[RMgCl with CO at 120° under press, gives (60% yield (339)) 1,3-diphenylpropene-l 
[Beil. V-643, Vi-(310), V2-(552)]. — RMgCl with CO 2 gives (yields: 75-76% (310), 62.7% 
(335), 60% (340), 51% (318), 40% (333)) phenylacetic acid (1:0665).] 

[RMgCl with trioxymethylene gives (50-55% yield (341)) (342) (343) o-tolylcarbinol 
(1:5922) (note rearr.) f but RMgCl with acetaldehyde (as paraldehyde) gives (343) (335) 
the expected benzyl-methyl-carbinol [Beil. VI-503, VIi-(251), Vl2-(472)]. — RMgCl with 
benzaldehyde gives according to conditions various prods, including benzyl-phenyl-carbinol 
(1:5958) (78%) yield (344)) (345) (346), stUbene (1:7250) (25-35%) yield (316)), and 
other products.] 

[RMgBr with acetone gives (347) (343) benzyl-dimethyl-carbinol (1:5910). — RMgCl 
gives with diphenylketone (85% yield (349)) (348) benzyl-diphenyl-carbinol [Beil. VI-721, 
VIi-(354), Vl2-(696)] easily dehydrated to (54-59% overall yield (316)) a,a, /3-triphenyl- 
ethylene [Beil. V-722, Vi-(355), V2-(630)].l 

[RMgCl with CICH 2 OCH 3 (3:7085) according to circumstances gives either or both the 
** normal ” prod. (350) (351) methyl /3-phenylethyl ether [Beil. VI-479, VIi-(238), Vl 2 -( 449)1 
and the “ abnormal ” prod. (352) (353) methyl o-tolylcarbinyl ether [Beil. VI-484]. — 
RMgCl with CICH 2 O.CH 2 CH 3 (3:7195) according to circumstances gives either or both 
the “ normal ” prod. (354) ethyl ^-phenylethyl ether [Beil. VIi-(450)] or the “ abnormal ” 
products (352) (332) ethyl o-tolyl ether [Beil. VI-484] and ethyl p-tolyl ether [Beil. VI-498].] 

[RMgCl with methyl chloroformate (3:5075) gives some “abnormal” prod. (333). — 
RMgCl with ethyl chloroformate (3 :7295) gives not only the “ normal ” tribcnzylcarbinol 
[Beil. VI-723, VI 1 - (356)] (355) and ethyl phenylacetate (1:3872) but also “abnormal” 
products (332) (333).] 

[RMgCl with acetyl chloride (3:7065) gives (yields: 24%, (333), 18%, (335)) (332) the 
“ abnormal ” product, methyl o-tolyl ketone (o-methylacetophenone) (1:5224). — RMgCl 
with benzoyl chloride (3:6240) gives (333) the “ abnormal ” product, phenyl o-tolyl ketone 
[Beil. VII-439, VIIi-(234)].] 

[RMgCl with benzenesulfonyl chloride gives (356) (357) benzyl phenyl suHone [Beil. 
VI-455, Vl2-(428)] (2.9% yield (356)) cf. (357) and C (60% yield (356)).] 

RMgCl with alkyl p-toluenesulfonates gives hydrocarbons. — [E.g., RMgCl with 
methyl p-toluenesulfonate gives (40.9% yield (358)) ethylbenzene (1:7410), with ethyl 
p-toluenesulfonate (358) or diethyl sulfate (359) gives (yields: 100% (359), 38.3% (358)) 
n-propylbenzene (1:7450), with n-propyl p-toluenesulfonate gives (35.6% yield (358)) 
n-butylbenzei^e (1:7515), with n-butyl p-toluenesulfonate gives ( 5 rields: 67% (361), 50- 
59 % (360), 24.6% (358)) n-amylbenzene (1:7549). — RMgCl with 7 -chloro-n-propyl p- 
toluenesulfonate gives (42-50% yield (362)) oHihloro-n-butylbenzene (d-phenyl-n-butyl 
chloride) [Beil. Vi-(201), V2-(317)].] 
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Behavior of C with Organic Reactants 

With hydrocarbons. C with benzene (1 : 7400) in pres, of widely varied condensing agts. 
gives diphenylmethane (1:7120), frequently accompanied by o-dibenzylbenzene [Beil. 
V-710, Vi-(351), V2-(621)], m.p. 78-79®, and by p-dibenzylbenzene [Beil. V-711, Vi-(351), 
V2-(621)], m.p. 86®. — [E.g., C with benzene (1:7400) in pres, of Zn dust <363) <369), Cr 
powder (364), uranium dust at 100® for 4 hrs. (365), Al powder (preheated in H2 at 600®) 
(301), Ti (393), Al/Hg (366) (367), Al -f HgCla (368), Al + HCl (368), AICI3 (369) (370), 
AlCl^/nitrobenzene cpd. at 30® (372), NaCl.AlClg at 15-20® (373), BeCh at 100® for 6 hrs. 
(374), TiCU (375), ZrCU (376), SnCU/diethyl etherate (377), TICI3 (378), iron pyrites (97), 
Ag2S04 (379), silver methionate (neutral silver salt of methanedisulfonic acid) (379), 
P2O6 (380), or HF in Cu bomb at 100® for 15 hrs. (381) gives (yields: 60-63% (368), 60% 
(372) (374), 56% (381), 52% (373), 49.5-52.5% (366), 40% (365), 38% (301), 35% (375), 
30% (376), 22% (363)) diphenylmethane (1:7120).! 

[C with toluene (1:7405) in pres, of Zn dust (382) cf. (383) (384), Ti (393), AICI3 (369) 
(370) cf. (385) (386) (371), Al/Hg (367), FcCL (385) (386), BeCl2 at 110-125® (374), or 
MeMgl (387) gives p-benzyltoluene [Beil. V-607, Vi-(286), V2-(511)], b.p. 279®.] 

[C with m-xylene Q : 7420) in pres, of Zn dust (388), finely divided Cu (389), or BeCb at 
130-140® (374) gives (73.6% yield (384)) phenyl-7?t-xylyl-methane [Beil. V-615, Vi-(289), 
V2-(518)], b.p. 295-296® cor. (388) (389).l 

[C with mesitylene (1 : 7455) refluxed 60 hrs. without cat. (391), or in pres, of AICI3 (390) 
at 98-100®, or BeCl2 at 140-160® (374), gives (78% yield (374)) benzylmesitylene (phenyl- 
2,4,6-trimethylphcnyl-methane) [Beil. V-619], m.p. 36-37® (390), 36® (374).] 

[C with biphenyl (1:7175) refluxed 3 hrs. without cat. (391), or in pres, of Zn dust at 
100® (392), or of Ti (393) gives 4-benzylbiphenyl [Beil. V-708, Vr(618)], m.p. 85® (392) 
mj.] 

[C with naphthalene (1 :7200) refluxed 3 hrs. without cat. (391), or in pres, of Zn dust 
(394) (395), ZnCb (396) at not over 125® (397), AICI3 (396) (398), Ti (393), or P2O6 at 200® 
(380) gives mainly 1-benzylnaphthalene [Beil. V-689, Vi-(341), V2- (604)1, m.p. 59® (corresp. 
picric acid addn. cpd., m.p. 100-101® (396) (400)), accompanied by some 2<bcnzylnaphtha> 
lene [Beil. V-690], m.p. 55-55.5° (398), 55.5° (399) (corresp. picric acid addn. cpd., m.p. 93® 
(396) (400)). — Note that using ZnCl2 little 2-benzylnaphthalcnc is formed (398); also that 
polybenzylation may occur (399).] 

With alcohols (or alcoholates). [C with MeOH/KOH (401) or with MeOH/NaOMe 
(403) in s.t. at 120® (402) gives benzyl methyl ether (1:7475), b.p. 170-171® cor. (403), 
170.5® cor. at 760 mm. (3), 170-171® at 759 mm. (377), 170.2-172.2® at 760 mm. (404); 
14 “ = 0.9745 (405), 0.9594 (403), Z)|® = 0.9649 (403); = 1.4983 (403), = 1.5031 

(405), 1.5008 (403) (corresp. picrate, m.p. 115-116° u.c. (406)). — C with EtOH/KOH 
(401), EtOH/NaOEt (403) (377) (407), EtOH/LiOBt (407), or KOEt/liq. NHj (408) 
gives (yields: 81% (408), 63-77% (407)) benzyl ethyl ether (1:7530); b.p. 184.7-185.2° at 
761 mm. (377), 184-186® cor. (403); />f = 0.9446 (403), Df = 0.9490 (409), 0.9478 (403); 
no = 1.4934 (403), nf? = 1.4958 (403), 1.4955 (409). — For studies of rate of reaction of 
C with EtOH (410) (411) or with EtOH/NaOEt (412) see indie, refs.] 

[C with w-IWH/NaO-n-Pr gives (90-93% yield (413) (403)) benzyl n-propyl ether 
[Beil. VI-431, VIi-(219), Vl2-(410)], b.p. 200-202® cor. (403), 68® at 9 mm. (413); DJ* « 
0.9480 (403), = 0.9535 (403) cf. (413); nf? - 1.4932 (403), n|? - 1.4953 (403), 1.4905 

(413); for study of rate at 50.6® see (414). — C with iso-PrOH/NaOisoPr gives (403) 
benzyl isopropyl ether, b.p. 192-194® cor.; — 0.9403, Dj® — 0.9457; nf) — 1.4876, 
- 1.4900 (403).] 

[For corresp. prepn. and constants for benzyl n-butyl ether (403) (417), benzyl sec-butyl 
ether (417), benzyl isobutyl ether (403), and ^nzyl isoamyl ether (403) see indie, refs.] 
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(C with benzyl alc./NaOCH 2 C 6 H 6 in ether (416), with solid KOH at 180-200® (416), 
with cone. aq. NaOH at 90-120® (416), or with K benzylate in liq. NHs (408) gives dibenzyl 
ether (1:7640).] 

With ^enols (or phenolates). C with phenols may react either with phenolic or nuclear 
hydrogen giving respectively benzyl aryl ethers or benzylated phenols; moreover, the former 
may, under appropriate conditions, be rearranged to the latter; examples of all these types 
of reaction are included below. 

[C with K phenolate (111) (418) or Na phenolate (417) in boilg. ale., or C with phenol 
in boilg. ale. NaOMe or NaOEt (419) (420), boilg. aq. NaOH (160) (421), or boilg. acetone + 
K 2 CO 3 (422) gives (73% yield (421)) benzyl phenyl ether [Beil. VI-432, VIi-(220), VI 2 - 
(411)], m.p. 39® (418) (420) (421) (422), 38-39® (401); b.p. 286-287° (401), 286-288® (419), 
178-179® at 35 mm. (422), 124-125® at 4 mm. (417). — Note that although this prod, is 
completely stable to distn. (419) yet on htg. with ZnCb or in dry HCl as directed (421) it 
undergoes rearr. (accompanied by some cleavage) giving 2-benzylphenol (1:1431), 4- 
benzylphenol (1 : 1485), 2,4-dibenzylphenol (see below), and other prods.] 

C under suitable conditions also effects nuclear benzylation of phenol yielding a mixt. of 
o-benzylphenol (1:1431) and p-benzylphenol (1:1485) (the latter^ usually predominating) 
accompanied by polybenzylphenols and other products. [E.g., C with phenol (1 : 1420) 
directly at 125° (423) or 150-180® (160), or in pres, of Cu powder at 115-120® (160), Ce at 
120-130® (424), Ti (393), AICI3 in pet. ether (425), Zn at room temp. (426) (427) (428) (429) 
in solvent media such as CeHe, toluene, CHCI3, or EtOH (430), ZnCL on warming (421) 
(431) (432), 38% HCl in s.t. at 100® (421), PaOs (434) or PCls (435) in toluene at 130-135®, 
or C with Na phenolate (or phenol + Na) in dry toluene (419) (436) (437) gives o-benzyl- 
phenol + p-benzylphenol (accompanied by other products). — For sepn. of the two benzyl- 
phenols by formn. of Na salt of latter in toluene see (438).] 

Other phenols, cresols, naphthols, etc., behave analogously but cannot be discussed here. 

With phenol ethers. With phenol ethers (where no phenolic H atom is available for 
reaction) C effects nuclear benzylation. [E.g., C with methyl phenyl ether (anisole) 
(1:7445) refluxed 2-3 hrs. (391), or in pres, of Zn (439), Ti (393), Ce (424), W (365), AICI3 
(440), or ZnClz + dry HCl (421) gives (yields: 63% (393), 57% (424), 52.9% (365)) p- 
benzylanisole [Beil. VI-676, VIr(325), Vl2-(630)], b.p. 305-308® (425), 191-193® at 38 mm. 
(391), 172-174® at 10 mm. (421), 157-158® at 8 mm. (411), 133-135° at 4 mm. (425); m.p. 
20-21® (441).] 

[C with phenetole (1:7485) in pres, of Ti (393), U (365), or Ce (424) as directed gives 
(yields: 76% (393), 80% (365), 88% (424)) p-bcnzylphenetole [Beil. VI-676, Vl2-(630)1, 
b.p. 317® (442), 315-317® (425), 217® at 37 mm. (442), 203® at 12 mm. (442), 171-173® 
at 12 mm. (426).] 

With organic acids (or their salts). KCN or NaCN.^ [C with ale. KCN (443) (444) 
(446) (446) in pres, of CuCN and in u.v. light (447), or C with aq. ale. NaCN (160) (448), 
gives (yields: 80-90% (448), 70-76% (447), 70% (160)) benzyl cyanide (a-tolunitrile) 
(phenylacetonitrile) [Beil. IX-441, IXi-(176)], b.p. 233-234° cor. (3), 231-232° at 755 mm. 
(449), 135-140® at 38 mm. (448), 118-119® at 20 mm. (450), 107-107.4® at 12 mm. (18); 
f.p. -24.6® (26), -26 5® (451); DJ* “ 10125 (452), = 1.0176 (453), 1.0167 (454); 

no *" 1.52105 (455), w© ^ = 1.52422 (453); for removal from this prod, of traces of benzyl 
isocyanide with aq. H 2 SO 4 at 60° see (456).] 

With salts af oliphxUic acids, [C with Na formate + anhydrous formic acid in s.t. at 140® 
(402) gives benzyl formate (1 : 3596) q.v.] 

iC with KOAc in ale. (443) (457) (460) or benzyl acetate itself (458), or C with Pb(OAc )2 
in AcOH (459), or 0 with NaOAc in AcOH (461) cf. (160) or aq. at 116° (160), gives (80% 
yield (160)) b^yl acetate (1:3761) q.v.; for study of Idnetics see (22).] 
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[C with ale. K propionate (460) or with aq. Na propionate <160) gives benzyl propionate 
[Beil. VI-436, VIi-(220), VIr (416)1, b.p. 222M 

IC with ale. K w-butyrate <460), or aq. Na n-butyrate <160), gives benzyl 7^but3rrate 
(1^3977).) 

C with salts of other aliphatic acids behaves similarly but detailed treatment will not 
be given here. 

With salts of aromatic acids. [For extensive study of reaction of G with NaOBz giving 
benzyl benzoate (1 :4422) see <462) <629) ] 

With salts of enolic esters. [C with diethyl sodiomalonate gives (yields: 87% <463), 
85% <464), 60% <471), 51-57% <465), 50% <470)) <466) diethyl benzylmalonate [Beil. 
IX-868, IXi-(381)l, b.p. 300® <466), 296-298® <467), 195® at 22 mm. <463), 163® at 14 mm. 
<468), 170® at 13 mm. <469), 169® at 12 mm. <470) <471), 158® at 8 mm. <472), 128-133® at 
6 mm. <473), 145-155® at 5 mm. <465), 150-152® at 4 mm. <474), 140-140.5® at 1.5 mm. <474), 
105-108® at 1 mm. <475) <476); Df = 1.0750 <468); = 1.484 <475) <476), n?? * 

1.4872 <468). This prod, on alk. hydrolysis (for study of kinetics see <477)) and subsequent 
acidification gives benzylmalonic acid [Beil. IX-868, IXi-(381)], cryst. from ether, CeHe, or 
CHCla/pet. ether, m.p. 120.6® <478), 120® <479), 120® dec. <468), 119-120® <480), 117-118® 
<472), 117® <486) <467); on htg. above its m.p. <480) this acid readily loses CO2 yielding 
hydrocinnamic acid (1:0615), m.p. 48®.} 

[C with Na enolate of diethyl benzylmalonate (above) <482) <485), or C with diethyl 
disodiomalonate <483), or C with diethyl ethoxymagnesiomalonate <484), gives (yields: 
85% <483), 84-87% <485)) diethyl dibenzylmalonate [Beil. lX-937, lXi-(408)l, b.p. 250® at 
40 mm. <482), 256-257® at 38 mm. <486), 234-235® at 23 mm. <485), 224-226® at 15 mm. 
<484), 221® at 11 mm. <483), 192-193® at 2 mm. <487); m.p. 13-14® <486); = 1.0930 

<482). Note that this prod, always accompanies the diethyl benzylmalonate of preceding 
paragraph. Diethyl dibenzylmalonate with ale. alk. hydrolyzes with great difficulty 
<488) <485) but gives dibenzylmalonic acid [Beil. IX-937, lXi-(407)], m.p. 175® <485), 174® 
<488), which on htg. above its m.p. loses CO2 giving dibenzy lace tic acid (1:0668), m.p. 89®.] 

[C with ethyl sodioacetoacetate as directed <489) <490) <491), or C with ethyl acetoacetate 
+ BF3 <492), gives (yields: 70% <491), 23% <492)) ethyl o-benzylacetoacetate [Beil. X- 
710], b.p. 283-284® u.c. <493), 276® <490), 157-158® at 14 mm. <494), 164-165® at 12 mm. 
<493), 163-165® at 12 mm. <49i), 140-150® at 2-3 mm. <473) (corresp. 2,4-<linitrophenyl- 
hydrazone, m.p. 71.5® <473)). For ketonic cleavage of this prod, with 20% aq. NaOH 
<495) or aq. in s.t. at 250® <496) giving benzylacetone [Beil. VII-314, VIIi-(167)I, b.p. 236®, 
see indie, refs.] 

[C with ethyl acetoacetate as directed <497) cf. <501) or C with ethyl a-benzylacetoacetate 
(above) as directed (489) <493) <498) <499) gives (58% yield <497)) ethyl a,a-dibenzyl- 
acetoacetate [Beil. IX-771J, m.p. 57® <493) <497) <500), b.p. 230-234® at 12 mm. <493) cf. 
<497). For ketonic cleavage of this prod, with HI/AcOH giving (80% yield) a,a-dibenzyl- 
acetone, b.p. 190-192® at 15 mm., see <497); for acid cleavage giving dibenzylacetic acid 
(1:0668) see <500) <501).] 

With amines. With aliphatic primary amines. [C with CH3NH2 (2 moles) as 33% soln. 
in abs. EtOH gives <546) cf. <554) N-methylbenzylamine [Bed. XII-IOIO, XIIi-(447)], oil, 
sol. aq., b.p. 184^186® <547) <554), 184-185® u.c. at 749 mm. <548), 184® <549) at 759 mm. 
<550), 180-181® cor. at 765.5 mm. <546), 180® at 760 mm. <651); D}|* = 0.9450 <552) 
(B.HC1, 195® <554), 174-176® <546); B.PkOH, m.p. 117-118® <532), 113-116® <553)). 
Note that this prod, is usually accompanied by some N-methyl-dibenzylamine [Beil. 
XII-1036, XIIi-(453)], b.p. 304^305® cor. at 765.6 mm. <646), 166® at 15 mm. <555), 161- 
162® at 12 mm. <666) (6.HC1, m.p. 200-201® <566); B.PkOH, m.p. 107® <557)), also obtd. 
from C with N-methylbenzylamine (above) in pres, of NaOH at 145® for 4 hrs. <555).} 
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[C with C2H5NH2 in 33% aq. soln. with some ale. in s.t. at 110® gives (558) N-ethylbenzyl- 
amine [Beil. XII-1020, XIIi-(448)], oil, spar. sol. aq., b.p. 199® (539), 198® at 750 mm. (550), 
194® cor. (558), 191-194® u.c. at 740 mm. (548); = 0.9350 (552) (B.PkOH, m,p. 

122-123® (559)), accompanied by N-ethyldibenzylamine [Beil. Xll-1036], b.p. 306® cor. 
(558).] 

With aromatic jyrimary amines. [C (1 mole) with aniline (2 moles) in s.t. at 160® for 
24 hrs. (502), or htd. in open vessel at 140® (503), or in pres, of I2 at 50® (504), in ale. (506) 
or aq. Na2C03 (160), or C (1 mole) with aniline (4 moles) in aq. NaHCOa at 90-95® (506), or 
C with sodium anilide (from aniline + Na -f- CU2O) at 30-100® imder press., (507) gives 
(yields: 85-87% (506), 56% (160), 49% (504)) N-benzylaniline (iV-phenylbenzylamine) 
[Beil. XII-1023, XIIi-(449)], m.p. 39® (508), 37-38® (609), 37® (510), 36.5-36.8® cor. (603), 
36.5® (511), 36® (506) (512); b.p. 306-307® at 759 mm. (509), 201-203® at 37 mm. (510), 
178-180® at 12 mm. (506), 171.5® at 10 mm. (508); = 1.0298 (508); ng = 1.59562 (508) 
(B.HCl, m.p. 214-216® (509), B.3,5-dinitrobenzoic acid, m.p. 133.0® cor. (249), B.2,4- 
dinitrobenzoic acid, m.p. 121.4-122.2® cor. (513), B.p-tolucnesulfonic acid, m.p. 148.3- 
148.8® cor. (250)) ; for method of sepn. of N-benzylaniline from JV,iV^-dibenzylaniline (below) 
by reactn. with phthalic anhydride (1:0725) see (514). — For studies of kinetics of reaction 
of C with aniline in MeOH at 35® and 45® (515) or in EtOH at 35®, 40®, and 45® (516) cf. (4) 
see indie, refs.; for study of rearr. of iV-benzylanilinc to p-aminodiphenylmethane see (517).] 
[C with aniline on htg. cf. (503) (508) in pres of NaOH at 100® (518), anhydrous NaOAc -f- 
I2 at 97® (504), NaNH2 + Cu powder (519), benzyl ale. (520), or aq. Na2C03 (160) gives 
N,N-dibenzylaniline (N-phenyldibenzylamine) [Beil. XIl-1037, XIIi-(453)], m.p. 71-72® 
(621), 70® (522), 69.5® (508), 69® (520), 67® (518); b.p. 226® at 10 mm. (508); = 1.04436; 

no = 1.60647 (508) (fi.HCl, pr. with 1 H2O from ale (518), but m p unreported; B.PkOH, 
m.p. 131-132® dec. (518); B.3,5-dinitrobenzoic acid gives no cpd (249); B.2,4-dinitrobcnzoic 
acid gives no cpd. (513); B.p-toluenesulfonic acid is oil (250); 2B.l,3,5-trmitrobcnzene, 
m.p. 86-87® (523)). — For study of rearr. of Ar,Ar-dibenzylaniline hydrochloride to p- 
aminodiphenylmethane, 2,4-dibenzylaniline, and 2,4,6-tribcnzylaniline see (524).] 

C with other aromatic primary amines behaves similarly but cannot bo detailed here; 
however, for a number of cases see (508). 

With aliphatic secondary amines. [C with (CH3)2NH in abs. ale. on stdg. (560) or under 
reflux (546) (561), or in CeHe at 40-50® for 2 days (562), gives (80% yield (561)) N,Ar- 
dimethylbenzylamine [Beil. Xll-1019, XIIi-(448)], oil, fairly sol. cold but less sol. hot aq., 
b.p. 183-184® cor. at 765.3 mm. (560), 180-181® at 749 mm. (540), 178-179° cor. (563), 
177.8-178.2® cor. at 766 mm. (661), 178® u.c. (562), 98-99® at 24 mm. (564), 83.5-86.5® at 
21 mm. (565), 66-67® at 15 mm. (566), nf? = 1.5157 (564) (B.HCl, m.p. 175® (562) cf. 
(566); 6,PkOH, m.p. 94® (532), 94-95® (559)).] 

[C with (C2H6)2NH in s.t. at 100® gives (567) (568) Ar,i\r-diethylbenzylamine [Beil. 
XII-1021, XIIi-(448)], oil, spar. sol. aq., b.p. 212® (669), 211-212® (568) cor. (567), 209® 
(570) at 756 mm. (551), 96-98® at 17 mm. (564), 94® at 15 mm. (555) (B.PkOH, m.p. 120- 
121® (571), 119® (566)).] 

With aromatic secondary amines. [C htd. with iV-methylaniline at 100° (521) (525) in 
pres, of aq. Na2C03 (160), or C with N,i\r-dimethylaniline + I2 at 150® (504), or C with mixt. 
of N-methylaniline and iV,N-dimethylaniline at 160® (626), gives (yields: 92.5% (526), 
60% (626), 41% (521)) N'-benzyl-N-methylaniline (benzyl-methyl-phenylamine) [Beil. 
XIM024, XIIr(460)l, b.p. 305-306® (627), 187-188® at 26 mm. (525), 177-178® at 18 mm. 
(626), 171® at 13 mm. (528), 162-163® at 8 mm. (504); | = 1.0421 (504), D\^ = 1.0475 

(628); = 1.6006 (504), 1.6071 (628). (fi.PkOH, m.p. 131® (529), 128-128.5® (504), 

127® (626), 109® (530), 106-107® (631), 104® (532), 103.0-103.5® (533); note disagreement.)] 
[C htd. with iV-ethylaniline (634) in toluene + Na2C03 (535), or 0 with iV,iV-diethylan- 
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iline -H I 2 at 150® (504), or C with a mixt. of iST-ethylaniline + i\r,i\r-<iiethylaniline at 150® 
(626), gives iNT-benzyl-iV-ethylaniline (benzyl-ethyl-phenylamine) (Beil. XII-1026, XHi- 
(450)1, b.p. 285-286® si. dec. at 710 mm. (534), 212-220® at 54 mm. (526), 185.6-186.6® at 
22 mm. (535) (536), 173® at 12 mm. (528), 163-164° at 6 mm. (504); D\^ * 1.0330 (528); 
n]^ - 1.5975 (528) (B.PkOH, m.p. 116-117® (536), 114® (535), 113-114® (504), 111-112® 
(533)). — For important study of sulfonation of W-benzyl-W-ethylaniline see (537).] 

With heterocyclic secondary amines. [C with piperidine reacts vigorously giving (538) 
(541) (542) iV-benzylpiperidine [Beil. XX-23, XXi-(8)l, b.p. 248® (539), 245-247® (640), 
245® (538) (541), 119® at 13 mm (542); = 0.96049 (542), Dj® = 0.9625 (641), Di® = 

0.96451 (542); = 1.52269 (542) (B HCl, m.p. 178® (543)).] 

[Direct reaction of C with morpholine appears never to have been reported; the expected 
product, viz., W-benzylmorpholinc [Beil. XXVII-7, XXVIIi-(203)] (544), has, however, 
been prepd. by many other methods and has following constants: b.p. 260-261® cor. (545), 
136-136.5® at 14 mm. (544), 128-129® at 13 mm. (542); - 1.03874, DJ® = 1.03396 (542) 

(B.HCl, m.p. 244-245® dec. (545); HPkOH, m.p. 193.5-195® cor. (544), 184r-185® (545)).! 

With aliphatic tertiary amines. [C with (CH 3 ) 3 N in abs. ale. (546) (561) (563) or abs. 
MeOH at 0® (572) gives trimethyl-benzyl-ammonium chloride [Beil. XII-1020, XIIi-(448)], 
m.p. 235® (572) dec. (546); for studies of behavior of this prod, toward cat. hydrogenation 
see J573) (574) ] 

[C with (C 2 H 6 ) 3 N directly (563) or at 100® in s t. (567) cf. (570) gives triethyl-benzyl- 
ammonium chloride [Beil. XII-1021], but its constants are not reported.] 

With aromatic tertiary amines. (C with ATjAT-dimethylaniline at ord. temp. (575) (577) in 
MeOH or EtOH (576) gives dimethyl-phenyl-benzyl-ammonium chloride [Beil. XII-1025, 
XIIi-( 450)], tbls. of monohydrate from aq or ale., m.p. 110® (576), 109.5® (678), m.p. 
anhydrous form, 116® (577); for studies of rate of formn. of this salt in MeOH at 29® and 
38® see (579); for studies of behavior on cat. hydrogenation see (573) (580); for use of this 
quaternary salt as reagt. for introduction of benzyl radical see (473).] 

[C with i^,A''-diethylaniline in dry CeHe refluxed 30 min gives (581) diethyl-phenyl- 
benzyl-ammonium chloride, m.p. 104® (581).] 

With heterocyclic tertiary amines. [C with pyridine directly (582) (583) (584) (585) (586) 
or on htg. at 150® for 6 hrs. (587) gives AT-benzylpyridinium chloride [Beil. XX-218, XXi- 
(74)], but this salt is difficult to crystallize (586) and its properties are not well established; 
for kinetics of the addition see (4) (579). — Note that C with pyridine in pres, of Cu on 
htg. gives' (588) a mixt. of 2-bcnzylpyridine and 4-benzylpyridine, but this type of nuclear 
benzylation cannot be discussed here.] 

With arylhydrazines. C (1 mole) with phenylhydrazine (2 moles) mixed with cooling 
(589) and subsequently htd. at 115-120° (590) (591) (592), or refluxed in ale. (593), or C 
with phenylhydrazine + Na in CeHe (594) or liq. NH3 (595), or C with phenylhydrazine + 
NaNH2 in liq. NH3 (73% yield (595)), gives N-benzyl-AT-phenylhydrazine (a-benzyl- 
phenylhydrazine) [Beil. XV-632, XVi-(164)], oil, b.p. 216-218® at 38 mm. (591), 207-208® 
at 10 mm. (593) (B.HCl, m.p. 176-177® (596), 170® (593), 164-169® (595), 167® (594) (596), 
166-167® (590); corresp. acetyl deriv., m.p. 121-122° (594) (595); corresp. benzoyl deriv., 
m.p. 139-140® (590)); note that the N-benzyl-JV-phcnylhydrazine is often accompanied 
(693) (591) by some benzaldehyde W-benzyl-N-phenylhydrazone, m.p. 111-112® (690), 
111® (593) (594). — The isomeric W-benzyl-N'-phenylhydrazine (jS or sym.-benzyl-phenyl- 
hydrazine) [Beil. XV-533, XVi-(165)], m.p. 35-36®, is not obtd. by benzylation of phenyl- 
hydrazine but only by indirect methods.] 

[For analogous use of |C in prepn. of osym.-benzyl-o-tolylhydrazine, a« 2 /m.-benzyl-m^ 
tolylhydrazine, osym.-benzyl-p-tolylhydrazine, etc., see (597).] 

With arylhydrozylamines. [C with W-phenylhydroxylamine in pyridine as directed 
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(598) gives (69% yield) N-bensyl-JV-phenylhydroxylamine, yellowish Ifts., colorless after 
steam distn., cryst. from pet. ether or EtOAc, m.p. 86® (598) (599) (corresp. B.HCl, m.p. 
104-105® (600); corresp. benzoyl deriv., m.p. 115-117® (600)).] 

Benzyl acetate (1:3751): b.p. 217®. [See also text above under behavior of C 

with salts of organic acids.] 

Benzyl benzoate (1:4422): b.p. 323-324° cor., m.p. 21®. [For extensive study of 

prepn. from C with NaOBz see (462) (629).] 

Benzyl p-nitrobenzoate: m.p. 85®. [See also under benzyl ale. (1:6480).] 

(P Benzyl 3,6-dinitrobenzoate: m.p. 113®. [From C with Ag 3,5-dinitrobenzoate refluxed 
in ale. (190); see also under benzyl ale. (1:6480).] 

© Phenylacetic acid (1:0665): m.p. 76.5®; b.p. 265.5® cor.; Neut. Eq._136. [From C 
via conversion to C6H6.CH2.MgCl (see text above under behavior of C with Mg) and 
subsequent treatment with CO2; yields 75-76% (310), 62.7% (335), 60% (340), 51% 
(318), 40% (333).] 

® Phenylacetanilide: m.p. 115-116® u.c. (601), 117® cor. (602). [From C via conversion 
to C6H6.CH2.MgCl (see text above under behavior of C with Mg) and subsequent 
reaction with phenyl isocyanate (602) (601).] 

Phenylaceto-^-toluidide: m.p. 135®. [Presumably from C via conversion to 

C6H6.CH2.MgCl and reaction with p-tolyl isocyanate (cf. preceding paragraph) but 
never actually so reported.] 

® Phenylaceto>a-naphthalide: m.p. 175® (603), 169® (604), 166® u.c. (605). [From C 
via conversion to C6H6.CH2.MgCl (see text above under behavior of C with Mg) and 
subsequent reaction with a-naphthyl isocyanate (605).] 

Phenylaceto-/3-naphthalide: m.p. 159® (604), 158® (603). [Presumably from C via 

conversion to C6H6.CH2.MgCl (cf. preceding paragraph) and subsequent reaction 
with i3-naphthyl isocyanate but never actually so reported.] 

Benzylmercuric chloride: m.p. 104° u.c. (323) (324) (326). [From C via conversion 

to C6H5.CH2.MgCl (see text above under behavior of C with Mg) and subsequent 
reaction (84% yield (323)) (324) (325) with HgCb; note, however, that excess C6H6.- 
CH2.MgCl gives (325) (326) (327) dibenzylmcreury, m.p. Ill® (326).] 

® 5-Benzylisothiourea picrate: m.p. 188® (606). [From C with thiourea in ale. htd. 
2 min., then treated with ale. PkOH (606). — Note that <8-bcnzyli8othiourea hydro- 
chloride (5-benzylthiuronium chloride), prepd. from C + thiourea by refluxing ale. 
soln. (607) (608), and existing in two forms, m.p. 175-176° (608), 172-174® (607), and 
m.p. .150-151® (608), 146-148® (607), is an important general reagt. for identification 
of organic acids (607) (608) (609).] 

® Af-Benzylphthalimide; cryst. from AcOH m.p. 116® cor. (610), 116® (611) (612), 
115-116® (613), 115® (614). [From C with phthalimide in pres, of dry K2CO3 under 
reflux (72-79% yield (610) (611) or in pres, of NaOEt (612), or from C with K phthali- 
mide under reflux (613), or from benzylamine with phthalic anhydride (1:0725) 
refluxed in AcOH (614).] 

o N-Benzyl-3-nitrophthaliinide: ndls. from CS2, m.p. 142-143® (615). [From C with 
K 3-nitrophthaIimide under reflux (615).] 

Af-Benzyltetrachlorophthalimide: unreported. [For other N-alkyltetrachloropb- 

' thalimides see (616).] 

O AT- (Benzyl) saccharin: ndte. from ale., m.p. 118® (617), 110-111® (618). [From C 
, with sodium saccharin in aq. butylcarbitol (1 : 6517) contg. KI on 30 min. reflux (618).] 
O AT- (Benzyl )-Af-(p-bromobeQzene8ulfonyl)-A-aniBidid,e: cryst. from 75% ale., m.p. 
{. , 167.5f u.c. (619), [From C with N-(p-broinobenzenesulfonyl)-p-anisidide in ale. KOH 
after 1 hr. reflux (619).] 
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(g ^-(Benzyloxy)benzoic acid: m.p. 188-190® {620> <6^1). (From C with ethyl p- 
hydroxybenzoate (1 : 1534) in abs. ale. NaOEt on refluxing 1 hr. <620).] 

Benzyl phenyl ether: m.p. 39°, b.p. 286°. [See text under behavior of C with 

phenols.] 

<g Benzyl 2,4, 6-triiodophenyl ether: cryst. from ale., m.p. 123° <622), 122.6° cor. <623). 
[From C with 2,4,6-triiodophenol in ale. NaOEt refluxed 30 min. <623) cf. <622).] 

Benzyl a-naphthyl ether: m.p. 77.0-77.0° cor. <624), 74.5-75° <625), 61° <626). 

(Prepd. only by indirect means; corresp. picric acid addn. cpd., dec. 85-100° <624).] 

Benzyl /3-naphthyl ether: m.p. 101.5-102.0° cor. <624), 99-100° <625), 99° <418), 

98.6° <627), 98° <628), 95° <626). [From C with /8-naphthol (1 : 1540) in cone. aq. 
KOH <418) or NaOH (627) on htg. 2 hrs.; corresp. picric acid addn. cpd., m.p. 123.0° 
cor. <624), 122° (627).] 
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3:8538 ETHYL ^-CHLOROCROTONATE CeHgOzCl 


CHs— C— Cl 
H— 1;— COOCuH, 


Beil, n - 416 
ni-(i89) 
n2-(396) 


BJ». 1184” cor. (1)] 

179-180” (2) 

YY"* at 16 mm. (3) 

73-77® at 14 mm, (4) (5) 

76.3-76.0® at 14 mm. (6) 

66® at 10 mm. (7) 


= 1.106 (3) (4> 

n?>® = 1.4687 

(3) 

1.101 

(7) 



I>4®* = 1.1018 

<7) 

ng® = 1.4688 

(4) 

ni'® = 1.1626 

(6) 

n{J® = 1.4600 

<6) 


[See aUo ethyl fi-^hloroisocrotonate (3:8325).] 


[For prepn. of C from /3-chlorocrotonic acid (3:2625) in EtOH with HCl gas (100% 
yield (2)) (4) or with cone. H 2 SO 4 (7) see indie, refs.] 

[For formn. of C from ethyl acetoacetate (1 : 1710) with PCls as a by-product of prepn. 
of ethyl j9-chloroisocrotonate (3:8325) see (8) (9), but this is definitely not a good means 
of prepn. of C.] 

[C with Al/Hg in ale. on warming is both dehalogenated and hydrolyzed yielding (10) 
crotonic acid (1 : 0425) ; note that with C this reactn. goes more readily than with the isomeric 
ethyl /3-cbloro-isocrotonate (3:8325).] 

[C (2 moles) with K 2 S (1)^ moles) in 5 vols. abs. EtOH refluxed 16 hrs. (11) or C with 
Na enolate of ethyl thioacetoacetate (14) gives (53% yield (11)) diethyl j0,/9'-thiodicrotonate 
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S( — C(CHs)==CH.COOC 2 H 6 ) 2 , b.p. 160-153° at 4 mm. (11), accompanied by some ethyl 
jS-mercaptocrotonate (see below).] 

(C with ale. NaSH (12) or ale. KSH (11) (13) gives (30% yield (13)) ethyl /9-mereapto- 
crotonate; note that this prod, is apparently a mixt. of the two geom. stereoisomers of 
ethyl /8-mercaptoerotonate with the corresp. keto form, viz., ethyl thioacetoacetate, CHs.- 
CS.CH 2 .COOC 2 HB; for details see indie, refs. — Note also that, sinee the same prod, 
results by similar treatment of the isomerie ethyl /3-chloroisoerotonate (3:8325), a mixture 
of the stereoisomers ean be used as the starting material.] 

[C with alkali derivs. of alcohols, phenols, mercaptans, etc., splits out alkali halide 
yielding corresp. ethyl /3-substituted crotonates: e.g., C with Na allylate gives (9) ethyl 
/3-allyloxycrotonate; C with Na cinnamylate gives (9) ethyl /3-cinnamyloxycrotonate; C 
with Na phenolate gives (1,5) cf. (16) ethyl ^-phenoxycrotonate, b.p. 147-148® at 14 mm. 
(15); C with Na salt of ethyl mercaptan gives (17) ethyl /3-ethylmercaptoisocrotonate, b.p. 
139-141° at 16 mm. (17); C with Na salt of benzyl mercaptan gives (90% yield (17)) ethyl 
/8-benzylmercaptocrotonate, cryst. from Igr., m.p. 64.5° (17). Note that in the first three 
of the five preceding examples either C or the isomeric ethyl /8-chloroisocrotonate (3:8325) 
or their mixture gives the same result; for the last two, however, such is not the case.] 

[C with diethyl sodiomalonate gives (5) cf. (18) trans diethyl a-carbethoxy-/8-methyl 
gluconate, (C2H600C)2CH.C(CH3)=CH.COOC2H6 [Beil. 11-853], b.p. 169-170° at 13 
mm., DI® = 1.0937, nU = 1.4595 (5); cf. behavior of stcreoisomeric ethyl /S-chloroiso- 
crotonate (3:8325).] 

C with phenylhydrazine gives the same (2) products as obtd. from the stereoisomeric 
ethyl /9-chloroisocrotonate (3:8325): e.g., C (1 mole) with phenylhydrazine (1 mole) at 
100° for 6-8 hrs. gives by ring closure mainly (2) 3-methyl-l-phenylp3nrazolone-5 (l^il. 
XXIV-20, XXIVi-(190)], pr. from aq., m.p. 127°, accompanied by small amts, of 4-ben2ene- 
azo-3-methyl-l-phcnylpyrazolone-5 [Beil. XXrV-328, XXIVi-(319)], m.p. 155-156°, and 
3,3'-dimethyl-l,l'-diphenyl-6is-pyrazolone-5,5' [Beil. XXVI-484], dec. at high temp, 
without meltin*^. — Note that with excess phenylhydrazine (2-4 moles) only traces of -the 
3-methyl-l-phenylpyrazolone-5 are formed while the amt. of the other two (less desirable) 
products is greatly increased (2). 
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( 11 ) Scheiblcr, Ber. 48, 1450-1451 (1915). (12) Scheibler, Topouzada, Schulze, J. prakt. 
Chem. (2) 134, 7-10 (1930). (13) Mitra, J. Indian Chem. Soc. 8, 471-474 (1931). (14) Mitra, 

J. Indian. Chem. Soc. 15, 36 (1938). (15) Ruhemann, Wragg, J. Chem. Soc. 79, 1189-1190 

(1901). (16) Ruhemann, Ber. 53, 285-286 (1920). (17) Scheibler, Voss, Ber. 53, 385-388 

(1920). (16) Fichter, Schwab, Ann. 348, 251-256 (1906). 


3: 8540 d,f>2,5-DICHLORO-2-M£THYLP£NTAN£ CeHuCU 

Cl Cl 

<!)h,.ch2.ch 2— (!;— CHs 

(ijH, 

B.P. 17»-180° (1) 


BeU. I - 148 
Ii— 

I*-(lll) 


(For prepn. of C from 5-chloro-2-methylpentanol-2 [Beil. 1-410, l2-(440)] with fumg. HCl 
or AcCl see (1); for formn. (together with other prods.) from dimethyl-cyclopropyl-carbinol 
[Beil. VI-10] by treatment with excess fumg. HCl see (2).] 
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8:8540 (1) Henry, CompL rend. 143, 1224 (1906). <2) Bruylants, Dewael, BuU. «ct. acad. roy, 
Bdg. ( 6 ) 14, 148 (1928); Cent. 1928, 1 2709; C.A. 22, 3883 (1928). 

3: 8545 n-PROPYL /5-CHLOROPROPIONATE C 6 H 11 O 2 CI BeU. H- 250 

W-C3H7O.CO.CH2.CH2CI Hi— 

Hz- 

B.P. 179-181® < 1 > Df = 1.0656 ( 2 ) = 1.4290 ( 2 ) 

3:8545 (l) Moureu, Ann. <Mm. (7) 2. 172 (1894). ( 2 ) RchjanberR, Z. physik. Chem. A-172, 231 

(1935). 


3:8550 o-CHLORO-ETHYLBENZENE C 2 HB CgH^Cl Beil. S.N. 467 



B.P. 180® (1) 

[For fonnn. of C from ethylbenzene (1:7410) by ehlorination (other products are also 
formed) see (1); for formn. from chlorobenzene (3:7903) with ethylene + AICI 3 at 80® 
under pressure (3,5-diethyl-l-chlorobenzene is also formed) sec (2).] 

C on oxidn. with alk. KMn04 5delds (1) o-chlorobenzoic acid (3:4150). 

[C on htg. with 15% NaOH + Cu powder for 2 hrs. at 315-320® in steel autoclave is 
thought (1) to undergo partial rearrangement, thus yielding some w-cthylphenol (1 : 1744).] 
[C on passing through an Fe or Ni-Cr tube at 675-700® is alleged (3) to lose HCl with 
production of phenylethylene (styrene) (1:7435).] 

[C on htg. with cone. NH3 + CuO for 20 hrs. at 225® yields (2) o-aminoothylbenzene.] 

3:8550 (1) Meharg, Allen, Am. Chem. Soc. 54, 2920-2922 (1932). (2) Drcisbach (to Dow 
Chem. Co.), U.S. 2,159,370, May 23, 1939, Cent. 1939, II 1775, C.A. 33, 6875 (1939). (3> Smith 

(to Naugatuck Chem. Co.), U.S. 1,087,903, Oct 16, 1928, Cent. 1929, 1 2922; C.A. 23, 156 (1929). 


3: 8570 ^-CHLORO-ETHYLBENZENE 

CgHaCl 


BeU. V - 354 


CH,— ch 2<( )»a 


Vi-(176) 

Vjr- 

B.P. 180-182® 

U) 

= 1.0463 <4) 



180-181® 

(2) 

dI® = 1.0675 (3) 



179-180® 

(3) <4) 



178-179® at 760 mm. 

<5) 


= 1.5223 (3) 

75-80° at 16 mm. 

(5) 


ni) 

= 1.5235 (4) 


[For prepn. of C from ethylbenzene (1 : 7410) with CI2 in the dark and in pres, of I2 (2) 
or with SO2CI2 + AICI3 (1) see indie, refs.; for prepn. of C from chlorobenzene (3:7903) 
with EtBr -h AICI3 (3) or EtOH -k AICI3 (4) see indie, refs.; for prepn. of C from p-chloro- 
acetophenone (3:6735) by reduction with Zn/Hg + HCl (27% yield) see <5).] 

C on oxidn. with CrOs in AcOH (3) or with HN03(2) yields p-chlorobenzoic acid (3 : 4940), 
m.p. 234® (3). 

[C on attempted nitration ^ves only (3) a liquid mixt. of isomers.] 

[C with Br2 in AcOH + trace of I2 yields <2) 3-bromo-4-chloro-ethylbenzene, b.p. 143- 
144® at 10 mm. <2); C with Br2 in CHCI3 exposed in silica flask to sunlight yields (2) p- 
chloro-a-bromo-ethylbenzene, b.p. 120-121® at 8 mm. (2).] 



1183 


LIQUIDS WITH Dj® < 1.16 


3:8570-3:8575 


[C on htg. with 16% NaOH + Cu powder for 2 hrs. at 315-320® in a steel autoclave is 
thought ( 6 ) to undergo partial rearr., thus yielding m-ethylphenol (1 : 1744).] 

[C on passing through an Fe or Ni-Cr tube at 675-700® is alleged (7) to lose HCl with 
production of styrene (1:7435).] 

3:8570 {l) T5hl, Eberhard, Ber. 36, 2944 (1893). (2) Varma, Sahay, Subrammonium, J. Indian 
Chem. Soc. 14, 157-159 (1937). <3) Schreiner, J. jrrakt. Chem. (2) 81, 667-668 (1910). <4) 

Tsukervanik, J. Gen. Chem. (U.S.S.R.) 8, 1512-1515 (1938); Cent. 1939, I 4929; C.A. 33, 4587 
(1939). (6) Lock, Bayer, Ber. 73, 1068 (1939). (6) Meharg, Allen, J. Am. Chem. Soc. 54, 2920- 

2922 (1932). (7) Smith (to Naugatuck Chem. Co.). U.S. 1,687,903. Oct. 16, 1928; Cent. 1929, 1 
2922;C.A.33. 156(1929). 

3:8575 1,6-DICHLOROPENTANE CgHioCL Beil. I - 131 

(Pentamethylene dichloride) Cl.CH 2 .CH 2 .CH 2 .CH 2 .CH 2 .Cl Ii-( 43) 

l2-( 95) 

B.P. F.P. 

182.3® cor. at 760 mm. (1) -72.8® {!> 2^* = 1.0940 (3) (7) 

179.5-180.5® (2) 1.0918 <1) 

178-180® (3) 

170-178® si. dec. (4) = 1.1028 ( 8 ) ng - 1.4563 ( 8 ) 

102.4® at 80 mm. ( 8 ) 1.0697 <1). 

79-80® at 21mm. <4) 

76-78® at 21mm. (5) 

68 ® at 14 mm. (4) 

64-66® at 10 mm. < 6 ) 

Colorless liq. with characteristic odor; sol. org. solv., insol. aq. 

[For prepn. (yield 77-78% ( 1 ); 75-80% <4)) from AT-benzoylpiperidine [Beil. XX-46] -f 
PCls see (4) ( 1 ) ( 2 ); note that, by-product benzonitrile may be removed by acid hydrolysis 
(4) (9) ( 2 ) or stdg. with aq. ( 10 ); for prepn. from pentanediol-1,5 (1:6519) + PCU in CCJI 4 
see (5); for prepn. from A^jAT-dibenzoylpentamethylenediamine + SOCI 2 see ( 11 ) ( 12 ); for 
formn. (19%) in direct chlorination of l-cldoropontane see ( 8 ).] 

C htd. in s.t. 5 hrs. at 130® with NaCN in MeOH yields (5) 1,5-dicyanopentane (pimeloni- 
trile) which after hydrolysis with cone. HCl at 110 ® for 5 hrs. (5) gives pimelic acid (1 :0456), 
m.p. 104® (5). 

[For reaction with Nal in acetone see ( 8 ).] 

® l, 6 -bis-(Phthalimido)pentane [Beil. XXI-4931: from C + K phthalimide in 60-70% 
yield (13) by htg. at 190-200®, pale yel. ndls. from CHCI 3 + ale., m.p. 186® (13). 
[The half reaction prod., viz., l-chloro-5-phthalimidopentane iV-(€-chloro-n-amyl)- 
phthalimide (14), has m.p. 30-31® (14).] 

Pentamethylene- (isothiourea hydrochloride): monohydrate, m.p. 206® 

(15), anhydrous cpd., m.p. 210® (15). [From C with thiourea (2 moles) in n-BuOH 
refluxed 1 hr. (16).] 

1,5-Diphenoxypentane (pentamethylene glycol diphonyl ether) [Beil. VI-147]: 

m.p. 48-49® (16); b.p. 340® si. dec., 215-217® at 12 mm. (16). [From C in 75% yield 
on protracted boilg. (30 hrs.) with large excess (3 moles) sodium phenolate in ale. (16).] 

3:8575 (1) Serwy, Bidl. soc. chim Belg. 43, 486, 488 (1933). (2) Clarke, J. Chem. Soc. 191, 1806 
(1612). (3) Hilditch, Dunstan, Z. Elektrochem. 18, 883 (1912). (4) von Braun, Ber. 37, 2918- 

2920 (1904). (5) Pummerer, SchOnsamgruber, Ber. 73, 1842 (1939). (6) Boat, Conn, Oil Gets J. 

S3, No. 3, 17 (1933). (7) Dunstan, Hilditch, Thole, J. Chem. Soc. 198, 137 (1913). (8) Hass, 
Huffman, J. Am. Chem. Soc. 63, 1233-1235 (1941). (9) von Braun, Sobecki, Ber. 44, 1469 (1911). 

(10) Zappi, Bvll. soc. chim. (4) 19, 249 (1916). 
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<11) von Braun. Ber. 38, 2343-2344 (1905). <12) von Braun. PinkerneUe, Ber. 67, 1220 (1934). 

(13) von Braun. Ber. 87, 3584-3586 (1904). (14) Gabriel. Ber. 43, 4051-4052 (1909). (15) 
Kawai. Hosono. Shikinami, Yoneohi. Bet. Papers Inst. Pkys. Chem. Research {Tokyo) 16, Nos. 
306-309. 9-16 (1931); Cent. 1631, II 1694; C.A. 35, 5665 (1931). (16) von Braun. Steindorff, 
Ber. 38, 959-960 (1905). 


3:8580 HEXAHYDROBENZOYL CHLORIDE CrHuOCl BeU.IX-0 


(Cyclohexanecarboxylic acid 

CH 2 .CH 2 H 

Ki— 

chloride) 


C==0 




X / J, 




CH 2 .CH 2 Cl 


184® 

(1) 


= 1.4711 (6) 

183-184® 

(2) 



179® 

(3) 

Di® = 1.0962 (1) 

n{f = 1.47662 (1) 

99-100® at 

62 mm. (4) 



74-75® at 

18 mm. (5) 



76-77® at 

16 mm. (6) 



69° at 10.6 mm. (7) 




[For prepn. of C from hexahydrobenzoic acid (1:0575) with PCIb (1) (3) (8) or with 
SOCI 2 (yield: 100% (9)'92% (7)) see indie, refs.; for prepn. of C from cyclohexane (1:8405) 
with oxalyl (di)chloride (3:5060) (85% yield (4)) or with phosgene (3:5000) see (4).] 

[C with Na hexahydrobenzoate htd. at 100® yields (1) hexahydrobenzoic anhydride, b.p. 
280-283®, m.p. 25® (1).] 

[C with SO 2 CI 2 in pres, of dibenzoyl peroxide gives (34% yield (5)) a-chloro-hexahydro- 
benzoyl chloride, b.p. 95-96® at 18 mm., =* 1.2280, wf? - 1.4866 (amide, m.p. 117- 
118® (5)),* C with Br 2 yields (9) o-bromohexahydrobenzoyl chloride, b.p. 115-118® at 12 
mm. (corresp. acid, m.p. 103®; amide, m.p. 136®; monoureide, m.p. 159-160® (9)).] 

(C with CeHs + AICI3 gives (3) cyclohexyl phenyl ketone (hexahydrobenzophenone) 
[Beil. VII-378, VIIi-(200)], m.p. 54® (3); C \nth Na phenolate yields (10) phenyl hexahydro- 
benzoate, b.p. 169-163® at 15 mm. (10); C with Na perbenzoate gives (53% yield (7)) 
benzoyl-hexahydrobenzoyl peroxide, m.p. 56® dec. (7).] 

C on hydrolysis yields hexahydrobenzoic acid (1:0675), m.p. 30-31® (for the amide, 
m.p. 185-186® (4), 184® (1), and anilide corresp. to C see 1:0575). 

8:8686 <l) Lumsden, J. Chem. Soc. 87, 92 (1897). (2) Hopff (to I.G.), Ger. 520,154, March 7, 
1931; Cent. 1631, I 3060. (3) Meyer, Scharwin, Ber. 30, 1941-1942 (1897). (4) Kharasch, 
Brown, J. Am. Chem. Soc. VZ, 454 (1940). (5) Price, Schwarez, J. Am. Chem. Soc. 63, 2895 

(1940). (6) Chem. Fabrik, Sandoz, Brit. 230,432, April 29, 1925; French 592,541, Aug. 4, 1925; 

Swiss 109,582, April 1, 1925; Cent. 1636, II 1585. (7) Wieland, Schapiro, Metzger, Ann. 513, 

103 (1934). (8) Godchot, Bull. eoc. chim. (4) 6 , 262 (1911). (9) Fourneau, Montagne, Payal, 

AnaUa eoc. eepan. fie. quim. (2) 16, 192-198 (1921); Cent. 1631, HI 828; C.A. 16, 240 (1922). 
(10) Blicke, J. Am. Chem. Soc. 47, 237 (1925). 
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3:8686 1-CEaORO-OCTANB 
(r^-Octyl chloride) 


B.P. 183.0-184.6° cor. <1) 

183.0-183.6° cor. (2) 

183.6- 183.6° cor. (3) 

181.6° at 766 mm. (13) 

179.6- 180.6° (7) 

179-180° (4) 

78° at 16 mm. (5) 

68.8-70.0° at 12 mm. (6) 


BeU. I • 169 
Ii-( 60) 
i*-aa4) 

== 0.87193 (3> 

= 0.8748 (13) - 1.43434 (4) 

1.43068 (13) 

= 0.8746 (4) 

D}| = 0.87867 (3) 


CH,(CH2),CHsa C,Hi7<31 


Colorless liq. with characteristic fatty odor. — IdsoI. aq., spar. sol. abs. ale., eas. sol. 
ether <7). 

[For prepn. of C from octanol-1 (1 : 6255) with HCl -f ZnCl2, PCI3 + ZnCl2 (60% yield), 
PCU + ZnCl2 (69% yield), or SOCI2 (yield: 80% (13), 70% (4)) see indie, refs.; by saturat- 
ing with HCl and htg. in s.t. at 120° see (5) (7).] 

[For study of reaction with Nal (8) or KI (2) see these; for reactn. with Mg see (9) (note 
that C with Mg in dry ether + trace I2 pves (96.3% yield in 8 hrs. (12)) RMgCl); for 
reactn. with liq. NH3 and with amines see (10).] 


® n-Octyl mercuric chloride: m.p. 115.0-115.5° (11). [From RMgCl + HgCl2 (11).] 

3:8585 (l) Perkin, J. Chem. Soc. 69, 1173 (1896). (2) Conant, Hussey, J. Am. Chem. Soc. 47, 
485 (1925). (3) Perkin, J. prakt. Chem. (2) 31, 495 (1885). (4) Clark, Straight, Trans. Roy* 
Soc. Can. (3) 23, III 77-79 0929). (5) Bouveault, Blanc, Bull. soe. chim. (3) 31, 673 (1904). 

(6) Kohlrausch, Kdppl, Af onateA. 63, 268 (1933). (7) Zincke, Ann. 152, 4-5 (1869). (8) ApoUt, 

Ann. chim. (10) 2, 83 (1924). (9) Schorigin, Issaguljanz, Gussewa, Ber. 66, 1430 (1933). (10) 

Westphal, Jerchel, Ber. 73, 1004^1010 (1940). 

(11) Whitmore, Bernstein, J. Am. Chem. Soc. 60, 2627 (1938). (12) Houben, Boedler, Fischer, 
Ber. 69, 1768, 1778 (1936). (13) Vogel, J. Chem. Soc. 1943, 638, 640. 


3 : 8690 2-CHLORO-l,8-DIMETHyLBENZENE 
(wc.-Chloro-m-xylene ) 


B.P. 183.6-186.6° (1) 
186-187° (2) 



CgHsCl 


BeU.V — 

Vi- 

V2-(»91) 


[For prepn. of C from 2-amino-l,3-dimethylbenzene (wc.-w-xylidine) [Beil. XII-1107, 
XIli-(482)] via diazotization and Cu2Cl2 reactn. see (1); for prepn. of C from m-xylene 
(1 : 7420) via sulfonation to 2,4-dimethylbenzenesulfonic acid, chlorination, conversion to 
sodium salt of 3-chloro-2,4-dimethylbenzenesulfonic acid, and hydrolysis of the latter with 
superheated steam in H2^4 at 160-170° see (2).J 

3:8590 (1) Kohlrausch, Pongratz, Monatsh. 64, 369 (1934). (2) Kalischer,* Friater (to I.G.), 
Ger. 491,220, March 13, 1927; C.A. 24, 2307 (1930); I.G., Brit. 313.207, July 4, 1929; Cent. 1920, 
II 1591; l.G.. French 650,732, Jan. 12. 1929; Cent. 1929, II 653. 
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3:8595 n-BUTYL (f,/-a-CHLOROPROPIONAT£ H C7H18O2CI Beil. S.N. 162 

n-C4H»O.CO.i.CH8 


B.P. 183.6-185.0' at 760 mm. <1) 1 ^® = 1.0353 (2) = 1.4263 <2) 

71.6-72.6' at 10 mm. (1) 

3:8585 {!) Burkhard. Kahovec. Monatah. 71, 340 (1938), (2) Schjanberg, Z. phyaik. Chem. 

A-172, 230 (1935). 


3 : 8596 ETHYL d,2-a>CHLORO-n.VAL£RAT£ C 7 H 13 O 2 CI Beil. 11 - 302 

CH 3 .CH 2 .CH 2 .CH.COOC 2 H 6 Hi— 


B.P. 185*^ at 762 nun. (1) 


® = 1.040 (1) nl} = 1.43071 (1) 


Liq. with peppermint-like odor; insol. aq.; sol. ale., ether. 

[For prepn. of C from a-chloro-n-valeronitrile with abs. EtOH HCl see ( 1 ).] 

8:8596 (1) Servais, Rec. trav. ehim. 20, 47-48 (1901). 


3: 8597 ETHYL 7 -CHLORO.n-BUTYRAT£ C6Hn02Cl Beil. II - 278 

CH 2 .CH 2 .CH 2 .COOC 2 H 6 ni-(124) 

^ n2-(264) 

B.P. 186' at 760 mm. (1) = 1.0754 <4) = 1.43107 <4> 

183-184' <2) 

77' at 16 mm. (3) 

76' at 16 mm. <4) 

72*^ at 16 mm. (12) 

70-71® at 10 mm. (5) 

64-66® at 10 mm. (6) 

[For prepn. of C from 7 -chloro-n-butyric acid (3 : 0020) with EtOH + H 2 SO 4 (80% yield 
(3)) see (3); from 7 -chloro-n-butyronitrile with EtOH -f HCl see < 2 ); from 7 -ethoxy-n- 
butyric acid by htg. with SOCI 2 (77% yield^see (5); from ethyl w-butyrate (1:3127) with 
SO 2 CI 2 -h dibenzoyl peroxide in CCI 4 (40% C -f* 10 % a- and 40% /S-isomers) see (7); from 
7 -ethoxy-n-butyryl chloride ( 12 ) in almost 100% yield merely by htg. at 100 ® for 10 hrs. 
see ( 12 ).] 

C added dropwise to solid KOH at 180® loses HCl and by ring closure yields ( 8 ) ethyl 
cyclopropanecarboxylate [Beil. IX-4, IXi-(3)], b.p. 134®. 

[C heated with Nal in acetone yields (5) ( 6 ) (9) ethyl 7 -iodo-n-butyrate, b.p. 69-71® at 
3 mm. (5), 84-85® at 4 mm. (9); C with excess MeMgl yields ( 10 ) 5-chloro-2-methyl- 
pentanol- 2 ; C with NaNs in aq. ale. yields ( 11 ) ethyl 7 -azido-n-butyrate; C with diethyl- 
amine in s.t. at 100® yields (3) ethyl 7 -diethylamino-n-butyrate, b.p. 73-75® at 4 mm. (5).] 

C on htg. with cone. HCl yields (5) 7 -chloro-w-butyric acid (3:0020). 

For the amide, anilide, p-toluidide, and other derivs. corresp. to C see 7 -chloro-n-but 3 rric 
add (3:0020). 

(0 l-Phenylpyrrolidone-2 [Beil. XXI-237]: cryst. from aq., m.p. 69® (12). [From C 
with aniline at 110® for 1 hr. (12).] 
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8:8597 (1) Henry, BtUL acad. roy. Belg. (3) 35, 507-520 (1898); Cent. 1898, II 273. (2) Henry, 
BuU. 80C. chim. (2) 45, 341 (1886). (3) Wohlgemuth, Ann. chim. (9) 9, 307, 316 (1914). (4) 
Karvonen, Ann. Acad. Sci. Fennicae A-10, No. 4, p. 21 ; Cent. 1919, III 808. (6) Blicke, Wright, 
Zienty, J. Am. Chem. Soc. 63, 2489-2490 (1941). (6) Conant, Kirner, J. Am. Chem. Soc. 46, 
249 (1924). (7) Price, Schwarcz, J. Am. Chem. Soc. 69, 2894-2895 (1940). (8) Rambaud, BiUl. 
soc. chim. (5) 5, 1564 (1938). (9) Fuson, Arnold, Cooke, J. Am. Chem. Soc. 69, 2272 (1938). 
(10) Henry, Compt. rend. 143, 1223 (1906). 

(11) Curtius, Giulini, Ber. 45, 1046 (1912). (12) Prelog, Heimbach-Juhaajs, Ber. 74, 1703- 
1704 (1941). 

3:8600 2.CHLORO-l,4-DIMETHYLBENZENE CH 3 CgHflCl Beil. 7-384 
(eso-Chloro-p-xylene) /\c\ Vi-(186) 

Q 

Url3 

B.P. 186.8“ (1) M.P. +9“ ( 2 ) Dl^ - 1.0589 (4) 

186° at 767 mm. (2) +1.6° (4) 

183.6-185.6° (3) 

184° (4) 

183-184° (5) 

[For prepn. of C from p-xylene (1:7415) with CI 2 in pres, of Fe (82-86% yield (4)) (5) 
or I 2 ( 2 ), by refluxing with P_bCU. 2 NH 4 Cl ( 6 ), with SO 2 CI 2 + AICI 3 (7), or with CI 2 aq. ( 1 ) 
see indie, refs. ; for prepn. of C from p-xylidine [Beil. XII-1135, XIIi-(488)l via diazotization 
and use of CU 2 CI 2 reaction see (3).] 

C on nitration with a mixt. of HNO 3 + H 2 SO 4 acids as directed (4) ( 8 ) gives 6 -nitro- 2 - 
chloro-l, 4 -dimethylbenzene, cryst from ether, m.p. 77-78° (4), 78° ( 8 ) (accompanied by 
other products). [This mononitro-C on further nitration yields 5,6-dinitro-2-chloro“l,4- 
dimethylbenzene, cryst. from ale., m.p. 101° (4).] 

C on monosulfonation with fumg. H 2 SO 4 ( 2 ), 100 % H 2 SO 4 (4), or chlorosulfonic acid (9) 
yields 2-chloro-l,4-dimethylbenzenesulfonic acid-5 [Beil. Xl-r271 (corresp. sulfonyl chloride, 
m.p. 50° (4) (9); sulfonamide, m.p. 185° (4); sulfonanilide, m.p. 155° (4)). 

[C on further chlorination yields mainly 2,5-dichloro-l,4-dimethylbenzene [Beil. V-384], 
m.p. 71° (2) (4), b.p. 221° cor. (2), 224° at 770 mm. (4) (together with small amts, of other 
prods.).] [For side-chain chlorination of C and conversion of resultant prods, by hydrolysis 
to 2-chlorobenzenedicarboxylic acid-1,4 (chloroterephthalic acid) (3:4995) see (10).] 

C with Br 2 + Fe (5) or with Br 2 + HNO3 + H2SO4 ( 11 ) as directed yields 5-bromo-2- 
chloro-l,4-dimethylbenzene [Beil. V-385], Ifts. from hot ale., m.p. 66 ° (5) ( 11 ). [Some 
dibromo-C, m.p. 93°, and tribromo-C, m.p. 234°, are also formed (5).] 

3:8600 ( 1 ) Datta, Fernandes, J. Am. Chem. Soc. 38, 1811 (1916). (2) Kluge, Ber. 18, 2099 
(1885). ( 3 ) Kohlrausch, Pongratz, Monatsh. 64, 369 (1934). (4) Wahl, Ann. chim. (11) 5» 
5-82 (1936). (5) Willgerodt, Wolfien, J. prakt. Chem. (2) 39, 402-405 (1889). (6) Seyewetz, 
Biot. Compt. rend. 136, 1121 (1902). (7) TOhl, Eborhard, Ber. 96, 2942 (1893). (8) Varma, 
Raman, J. Indian Chem. Soc. 19, 540-541 (1935). (9) I.G., Brit. 281,290, Jan. 25, 1928; French 

644,319, Oct. 5, 1928; Cent. 1999, II 352. (10) I.G.. French 663.791, Aug. 26, 1929; Cent. 1999, 
II 2731. 

( 11 ) Varma, Raman, J. Indian Chem. Soc. 19, 248 (1935). 
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3:8605 /9^'-DICHL0R0-DMS0PR0PYl ETHER C 6 Hi 20 Cl 2 BeU. S.N. 24 
(6M-03-Chloro-isopropyl) ether) CHs CHa 

acHs-diH— o— ittCHga 

B.P. 187-188” at 701 nun. (1) > 1.103 (1) - 1.45046 (1) 

187.4” (3) 

187.1” (2) = 1.1137 (2) 

1.1135 (3) 

Colorless liq. with agreeable odor (1). 

[For prepn. from l-chloropropanol -2 (3:7747) + H 2 SO 4 see ( 2 ).] 

C on htg. with KOAc + AcOH yields corresp. diacetate, b.p. 248® at 761 mm., D 4 ® = 
1.050, = 1.42654 (1). 

3:8065 (1) Dewael, Bvll. soc. chim. BeJg. 39, 396 (1930). (2) Wickert (to Union Carbide and 
Carbon Corp.), U.S. 2,062,264, Aug. 25, 1936; Cent. 1936, II 3846; C.A. 30, 7127 (1936). <3) 
McClure, Chem. Eng. News 32, 421 (1944). 

3:8610 /9,j9'-DICHLORO-DI.n-PROPYL ETHER CeHiaOCla Beil. S.N. 24 

( 6 M- 03 -Chloro- 7 ^propyl) ether) Cl Cl 

CH 8 .CH.CH 2 --O-CH 2 .CH.CH 8 

B.P. 188® at 762 mm. (1) * 1.109 (1) nf? * 1.44675 (1) 

Colorless liq. with agreeable odor. 

[For prepn. from 2-chloropropanol-l (3:7917) by htg. with SO 2 CI 2 see (1); for prepn. 
from propylene 4- HOCl see (2).] 

3:8610 (1) Dewael, Bull. soc. chim. Belg. 34, 345-346 (1925). (2) Nutting, Britton, Croope (to 
Dow Chem. Co.), U.S. 2,095,612, Oct. 12, 1937; Cent. 1938, 1 2069; C.A. 31, 8645 (1937). 


3 : 8615 6-CHLORO-2-METHYLPHENOL 
(6-Chloro-o-cresol) 



BeU. VI — 

VIi-( 173 ) 

Vl2-(332) 


B.P. 188-189® at 740 mm. (1) 

185® U.C. (2) 

45-50® at 4 mm. (1) 

[For prepn. from K 6-chloro-2-methylphenol-4HSulfonate by htg. with dil. H 2 SO 4 at 130® 
see <2).l 

C on treatment with nitrous acid yields 6-chloro-2-methyl-4-nitrosophenol, brownish 
ndls., m.p. 112® <3). 

3:8615 ( 1 ) Huston, Neely, J. Am. Chem. Soc. 57, 2177 (1935). {2)] Fahlberg, list and Co., Ger. 
256,345, Feb. 10, 1913; Cent. 1913, 1 866. (3) von Auwers, Wittig, Bar. 57, 1271, Note 3 (1924). 


3:8629 ETHYL d,f-/}””CHLORO-n-VAL£RATE C7H13O2CI BeU. S.N. 162 

CH8.CH2.CH.CH2.COOC2H6 

ii 

B.P. 189” (1) = 1.0330 (1) - 1.43777 (1) 
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[For prepn. of C from /3-chloro-n-valeric acid (3:0270) with EtOH + H 2 SO 4 see (l).l 
[The levorotatory isomer of C, b.p. 66.6-67® at 10 mm., has been obtd. from levorotatory 
/5-chloro-n-valeronitrile with ale. HCl (2) or from levorotatory ethyl /3-hydroxy-n-valerate 
with PCU or SOCI 2 in CHCI 3 <2).l 

3:8629 (1) Schjanberg, Ber. 70. 2385-2391 (1937). <2) Levene, Mori, J, Biol Chem. 78. 9-10 

(1928). 


3:8635 d,f-2-CHLORONONANE CgHiga 

(n-Heptyl-methyl-carbinyl Cl 

chloride) cH 3 .CH 2 .CH 2 .CHs.CH*.CH 2 .CH»-<!)— CH, 


BeU. 1-166 

Ii- 


B.P. 100° at 764 mm. (1) Z>? 0.8563 (1) 

[For prepn. of C from nonanol-2 (n-heptyl-methyl-carbinol) (1:6259) with HCl gas see 

(1)1 

8:8636 (1) van Gysegen, BuU. aead. roy. Bdy. 1866. 692-706; Cent. 1867. I 630; C.A. 1. 1969 
(1907). 


3:8640 6-CHLORO-l,3-DIMETByLBBNZENB 

(»ym.-Chloro-m-xylene) 


CHs CgHi^Cl 


B.P. 190-191° at 766 mm. (1) (2) 
187.4-188.4° (3) 

66° at 12 mm. (3) 


aQlcHa 


Beil. V- 373 
Vi- 
V*- 


[For prepn. of C from 5-amino-l,3-dimethylbenzene (sym.-tw-xylidinc) [Beil. XII-1131. 
XIIi-(487)] via diazotization and use of Sandmeyer reactn. with CugClg see (1) <3); from 
5-chloro-l,3-dimethylcyclohexadiene-3,5 (Beil. V-119, Vi-(64)] by addn. of Brg and subse- 
quent elimination of 2HBr by boilg. with quinoline see (2).} 

C on shaking with 10 pts. fumg. H 2 SO 4 (15% SO 3 ) at 30-40® yields <2) <1> 5^hloro-l,3- 
dimethylbenzenesulfonic acid-2, non-hygroscopic cryst., m.p. 52® <1) (corresp. sulfonyl 
chloride, m.p. 56-58® (1); sulfonamide, m.p. 191-192® <!)). 

3 :8640 (l) Klages, Ber. 29. 310-311 (1896). (2) Klages, Knoevenagel. Ber. 27. 3024-3025 (1894). 

<3) Kohlrausch, Pongratz, Monatsh. 64, 370 (1934). 


3 : 8645 3-CHLORO-l,2.DIM£THYLBENZEN£ 
(wc.-Chloro-o-xylene ) 

B.P. 191® at 766 mm. (1) 

189.5® cor. <2) 


CHs 



CgHga 


BeU. V- 363 
Vi- 
Vr- 


[For prepn. of C from 3-amino-l,2-dimethylbenzene (wc.-o-xylidine) [Beil. XII-1101, 
XIIi- (478)1 via diazotization and use of CugClg reactn. see (1); for formn. of C from o-xylene 
(1:7430) with CI 2 in pres, of I 2 (2) or Fe (3) (the isomeric 4-chloro-l,2-(iimethylbenzene 
(3:8675) is also form^) see <2) (3).] 
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C on oxidn. with dil. HNO 3 in a s.t. yields (2) (3) 3-chloro-2-methylbenzoic acid (3 : 4435). 
[The behavior of C on nitration has not as yet been reported, all three possible mononitro 
derivatives have, however, been independently prepared; viz., 4-nitro-C, m.p. 46® (4); 
5-nitro-C, m.p. 101® (5); 6-nitro-C, m.p. 62® (6).] 

C on sulfonation 3 rields exclusively 3-chloro-l,2-dimethylbenzene8ulfonic acid-6 [Beil. 
XI-121] (corresp. sulfonyl chloride as yet unreported; corresp. sulfonamide, m.p. 199® (2)). 

[C with CI 2 in pres, of Fe yields (1) 3,4-dichloro-l,2-dimethylbenzene, b.p. 234®, m.p. 
8-9® (2).] 

3:8645 (l) Hiiikel, Ayling, Walters, J. Chem. Soc. 1934, 1947-1948. (2) Kriiger, Ber. 18, 1755- 
1758 (1885). (3) Claus, Bayer, Ann. 274. 305-311 (1893). (4) Hinkel, Ayling, Walters. /. 
Chem. Soc. 1934, 287. (5) Hinkel, J. Chem. Soc, 125. 1852-1853 (1924). (6) Hinkel, Collins, 
Ayling, J, Chem. Soc. 123, 2972 (1923). 


3:8650 1,1-DICHLOROHEPTANE Cl 

CH8.CH2.cH2.cHs.cH2.CH2— djH 

A, 


CjHiids 


BeU. I - 154 

11- ( 67) 

12- (117) 


B.P. 191' cor. (1) Df «= 1.011 (3) = 1.4440 (3) 

89-84° at 30 mm. (2) 

82° at 20 mm. (3) 


[For prepn. of C from n-heptaldehyde (1:0183) with PCU at 150° (1) (2) (16% yield 
(6)), in the cold (61% yield (4)) (11), or in CsHs at 20® (3) (50% yield (5)), see indie, refs, 
(much loss is incurred by polymerization of the initial aldehyde by the HCl resulting in 
the reactn.).] 

C with ale. KOH gives (1) (2) 1-chloroheptene-l (3:8219) and on protracted actn. (1) (2) 
heptyne-1 (1:8085), b.p. 100®. — C passed over soda-lime at 420® (3) (5) or htd. with 
powdered KOH + mineral oil at 250® (5) or dropped onto NaNH.CgHs (7) or treated with 
NaNH 2 in xylene or mineral oil (60% yield (8) (10)) (9) gives n-amylacetylene (heptyne-1) 
(1:8085). 

[For conversion of C to 1,1-difluoroheptane by use of HgO + HF see (6).] 

3:8650 (1) Limpricht, Ann. 103, 81-82 (1857). (2) Welt, Ber. 30, 1496 (1897). (3) Bachmann. 
Hill, J. Am. Chem. Soc. 56, 2730-2732 (1934). (4) Loevenich, Losen, Dierichs, Ber. 60, 951 
(1927). (5) Hill, Tyson, J. Am. Chem. Soc. 50, 172-176 (1928). (6) Henne, RenoU, Leicester, 
J. Am. Chem. Soc. 61, 938-940 (1939). (7) Bodroux, Compt. rend. 208, 1023 (1939). (8) Bour- 

geul, Ann. chim. (10) 3, 223-224 (1925). (9) Meunier, Desparmet, BvU. soc. chim. (4) 35, 481-482 
(1924). (10) Guest, J. Am. Chem. Soc. 47, 862 (1925). 

(11) Kuz’min, Soobschemie o Nauch.-Isslodorntd Rabote Kieo Ind. Inst. 2, 18 (1940); C.A. 37, 
3047 (1943). 


3:8655 ISOBUTYL /3-CHLOROPROPIONATE C 7 H 13 O 2 CI Beil. H- 260 

(CH3)2CH.CH2.0.C0.CH2.CH2C1 Hi— 

n2- 

B.P. 191-193' (1) dJ® "= 1.0393 ( 2 ) ng - 1.4995 <2) 

S:86S5 <1) Moureu, Ann. ehim. (7) 9, 172-173 (1894). (2) Schjanberg, Z. phytxk. Chem. 5-172, 
231 (1936). 
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3:8657 ETHYL 7-CHLOROCROTONATE C»H»08CI Ben. H - 418 

CH2.CH==CH.CXK)C*H» Hi— 

n2-(397) 

B.P. 191-193° at 760 uun. (1) DL® = 1.130 (2> nL* = 1.4625 <2) 

84r-85° at 16 mm. (2) 

80*" at 10 mm. (3) 

77-88° at 12 mm. (4) 

68-68° at 2 mm. <3) 

{See also y-chlorocrotonic acid (3:2170).] 

Although C is capable of existing in two geometrically isomeric forms, only this one is 
known; collateral evidence (but not actual proof) indicates that C is the trans stereoisomer. 

[For prepn. of C from ethyl vinylacetate [Beil. 11-407] (5) with CI2 in CCI4 (forming 
ethyl /8,7-dichloro-n-butyrate) followed by treatment with ale. NaOEt at 0° (splitting out 
HCl) and giving 65% yield see (5); from ethyl 7-chloro-jS-hydroxy-n-butyrate [Beil. III- 
310, IIIi-(116)] by dehydration with P2O6 (yields: 65% (4), 62.5% (3), 60% (2)) (6> (ac- 
companied by some 7'chlorocrotonic acid (3:2170) (3) (2) and also by ethyl 7-chloro- 
vinylacetate (3)) see indie, refs.] 

0 on hydrolysis with Ba(OH)2 below 0° or even (but less advantageously) with KOH 
gives (60% yield (3) (5)) (7) <2) 7-chlorocrotonic acid (3:2170), m.p. 83°; note, however, 
that hydrolysis with hot cone. alk. gives also two other products, viz., 0(CH2 — CH==CH.- 
C00H)2, m.p. 195° (2), and 7-hydroxycrotonic acid, m.p. 108° (2). 

[C in EtOH/NaOEt undergoes addition of EtOH to unsatd. linkage followed to small 
extent by elimination of HCl with consequent ring closure to a cyclopropane deriv.; e.g., 
C (0.134 mole) in 2]/^ pis. EtOH treated dropwise in cold with soln. of Na (0.087 mole) in 
the same vol. of EtOH as above gives (yields: 42% (8), 25% (9)) ethyl 7-chloroi8-ethoxy-n- 
butyrate, b.p. 108.0-108.5° at 20 mm., DU ^ = 1.078, = 1.4295 (8), accompanied by 

a little (3% yield <8)) ethyl 2-ethoxycyclopropane-l-carboxylate (l-carbethoxy-2-ethoxy- 
cyclopropane), b.p. 77.50-77.75° at 13 mm., D- = 0.995, n}3 — 1.453 (8); the latter is 
also obtd. (22% yield (8)) by distn. of the ethyl 7-chloro-/3-ethoxy-n-butyrale with dry 
powdered KOH at 180° and 45 mm. press.] 

[C on dropwise addition to dry powdered KOH at 180° gives ethyl cyclopropane-l- 
carboxylate [Beil. IX-4, IXi-(3)], b.p. 130° at 728 mm., D = 0.970, nL® = 1.416.] 

[C with excess dry powdered CaBr2 heated several days under reflux gives (2) (10) ethyl 
7-bromocrotonate. — C (1 mole) with Nal (1 mole) in acetone reacts readily at ord. temp, 
pptg. NaCl (80% theory) and yielding (3) ethyl 7-iodocrotonate, b.p. 92-93° at 2 mm.] 

[C with NaOAc in AcOH heated at 100° cf. (11) yields (8) ethyl 7-acetoxycrotonate, b.p. 
115^116° at 15 mm., = 1.075, nB = 1.4445 (11).] 

[C with cone. aq. NH4OH not only has its halogen replaced by -- NH2 but also is hydro- 
lyzed with consequent formn. of 7-aminocrotonic acid; this was not isolatable as such but 
only as its picrate, the m.p. of which, however, is not reported (2).] 

[C with MesN (excess) in ale. contg. a trace of Nal in s.t. at 100° followed by evapn. 
with HCl gives (4) 7-dimethylaminocrotonic acid chloromethylate (7-dimethylaminocroton- 
betain chloride), m.p. 203-205° dec. (4).] 

3:8657 (1) Lespieau, Bull. soc. chim. (3) 33, 466-467 (1905). (2) Rambaud, Bull. soc. chim. (5) 

3, 139-141 (1936). (3) Braun, J. Am. Chem. Soc. 52. 3167-3176 (1930). (4) Linneweh, Z. 

physiol. Chem. 176. 217-221 (1928). (5) Glattfeld, Rieta, J. Am. Chem. Soc. 62. 976 (1940). 
(6) Lespieau, Compt. rend. 130, 1410 (1900). (7) Bacher, Benninga, Rec. trav. chim. 55, 610 (1936). 



3:8657-3:8665 


DIVISION B, SECTION 2 


1192 


<8} Rambaud, BvlL soc. chim. (5) 5, 1552-1565 (1938). <9) Rambaud, Compt. rend. 200, 2089-* 
2091 (1935). (10) Rambaud, Bull. soc. chim. (5) 1, 1347 (1934). 

(11) Rambaud, Bull. soc. chim. (5) 1, 1328 (1934). 


3:8660 ^-XYLYL CHLORIDE pi CsHqCI 

(p-Methylbenzyl chloride; 
w-chloro-p-xy lene ) 


Beil. V- 384 
Vi-(186) 

V2-(299) 


B.P. 192° at 760 mm. (1) Df « 1.0512 (2) n5 « 1.5380 (2) 

98-101° at 27 mm. (2) 

92-94° at 20 mm. (1) 

90° at 20 mm. (3) 

81.5° at 16 mm. (4) 


[For prepn. of C from p-tolylcarbinol (1:6954) by distn. with HCl see (3) (4A) (8); by 
treatment with PCI 3 (87% 3 rield) see (6); for prepn. from toluene (1:7405) with para- 
formaldehyde + HCl (75% yield (2)) see also (5); with sym.-dichlorodimethyl ether 
(3:6245) -f ZnClz see (1) (5).] 

C stood with N/10 ale. NaOEt at 30° yields ethyl p-xylyl ether [Beil. VI-498], b.p. 203°, 
to extent of 15% yield in 6 hrs., 40.6% in 24 hrs. (7) cf. (8) (9). [For data on rate of 
hydrolysis with acid or alk. in acetone soln. at 30° see (10).] 

C with Mg in ether yields RMgCl; on carbonation at 0 ° ( 11 ) this yields P-CH 3 .C 6 H 4 .- 
CH 2 .CCOMgCl; this upon acidification presumably (no record) would yield p-tolylacetic 
ac. [Beil. IX-530], m.p. 92°; on treatment (12) with C 2 H 6 MgBr, however, it gives a mixt. 
contg. 64.2% p-tolylmalonic ac., sepd. with CsHc, cryst. from aq., m.p. 143.5-144.5° with 
evoln. of CO 2 (12). [Use of isopropyl MgCl instead of C 2 H 6 MgBr gave 93% p-tolylmalonic 
ac.J12).] 

C boiled for 6 hrs. with 10 pts. 7% NaHCOa soln. gave (66% yield (2)) p-tolylcarbinol 
(1:5954). 

® N-(p-Xylyl)phthalimide [Beil. XXI-468]: from C by htg. at 180° with K phthalimide 
(3); ndls. (from dil. ale.), m.p. 116-117° (3), 120° (13). 

3:8660 (l) Stephen, Short, Gladding, J. Chem. Soc. 117, 520 (1920). (2) Shorygin, Bogdanowa, 
J. Applied Chem. (U.S.S.R.) 11, 1217-1221 (1938); Cent. 1939, II 1277; C.A. 33, 4216 (1939). 
(3) (3urtius, Sprenger, J. prakt. Chem. (2) 62, 111 (1900). (4) Bennett, Jemes, J. Chem. Soc. 

1936, 1818. (4A) Halford, Reid, J. Am. Chem. Soc. 63, 1876 (1941). (5) Hill, Short, J. Chem. 
Soc. 1936, 1126. (6) Ingold, Rothstein, J. Chem. Soc. 1928, 1279. (7) Franzen, J. prakt. Chem. 

(2) 97, 84 (1913). (8) OUvier, Rec. trav. chim. 41, 305-306 (1921). (9) von Braun, Engel, Ann. 

436, 319-320 (1924). (10) Olivier, Weber, Rec. trav. chim. 63, 885 (1934). 

( 11 ) Ivanoff, Spassoff, BuU. soc. chim. (4) 9, 20 (1931). (12) Ivanoff, Pchenitehny, BuU. soc. 

chim. (6) 1, 228 (1934). (13) Curtius, Schmidt, Ber. 66, 1677-1578 (1922). 


3:8665 4-CHLORO-l,3-DIM£THYLB£NZENE 

(unsym.-Chloro-^xylene) 



CgHgCl 


Bea.V- 373 
Vi-(183) 
V2-(391) 


B.P. 192.3-193.9° (1) (?) 

187-188° at 766 mm. (2) 
186.5° cor. at 767 mm. (3) 
183-184° (6) 

73-75° at 16 mm. (4) 


- 1.0598 <3) - 1.5S30 (5) 
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[For prepn. of C from 1 , 2 -dimethylbenzene (m^xylene) (1:7420) with CI2 in pres, of I2 
see ( 6 ) (3), with SO 2 CI 2 in the dark see (7), as by-product in prepn. of m-xylyl (di)chloride 
(3:8700) see ( 6 ); for prepn. of C from 4-amino-l,2-dimethylbenzene (un«yw.-wi-xylidine) 
[Beil. XII-1111, XIIi-(483)] via diazotization and use of CU 2 CI 2 reaction see < 2 ) ( 1 ); for 
formn. of C from 1,3-dimethylbenzenesulfonic acid-4 (Beil. XI-123, XIi-(34)l by htg. with 
SOCI 2 in a s.t. at 160® for 3-4 hrs. see ( 8 ) ; for formn. of C from 4-bromo-l,3-dimethylbenzene 
via conversion to RMgBr and reactn. with Cl.CN see (4); for prepn. of C from p-chloro- 
toluene (3:8287) by chloromethylation with CH 2 O ■+• HCl to 4-chloro-3-(chloromethyl)- 
toluene and subsequent reduction with Zn + NaOH see (20).] 

[For reactn. of C with 4,4-tetramethyldiaminobcnzophenone (Michler^s ketone) + 
Na in toluene jdelding 6i«-(4-dimethylaminophenyl)-4-m-xylylcarbinol, odorless ndls. from 
m.p. 145®, see (9); for use of this prod, in prepn. of homologs of malachite green ale., (10) 

( 11 ) and other dyestuffs ( 12 ) see indie, refs.] 

C on oxidn. with K 2 Cr 207 -j- H 2 SO 4 ( 6 ) (3) (7) yjelds 4-chloro-3-methylbenzoic acid 
(3:4915), cryst. from aq., m.p. 209-210® (3) (7). — C on oxidn. with aq. KMn 04 gives 
(13) (14) 4-chlorobenzenedicarboxylic acid-1,3 (4-chloroisophthalic acid) (3:4980), ndls. 
from hot aq., m.p. 294.5® (14), 295® (13). 

C in AC 2 O treated with mixt. of HNO 3 + H 2 SO 4 as specified (15) yields 6-nitro-4-chloro- 

l, 3-dimethylbenzene [Beil. V-379, Vi-(184)], m.p. 42® (15). [The other mononitro derivs. 
of C have been prepd. indirectly, viz., 5-nitro-C [Beil. V-379] (16), m.p. 51®; 3-mtro-C, 

m. p. 72-73® (17).] 

C on sulfonation with a mixt. of equal pts. fumg. H 2 SO 4 + cone. H 2 SO 4 yields (18) 4- 
chloro-l,3-dimethylbenzenesulfonic acid -6 [Beil. XI-123] (corresp. sulfonamide, m.p. 195® 
(3)). 

C on bromination with Br 2 + HNO 3 /H 2 SO 4 mixt. (19) yields 6-bromo-4-chloro-l,3- 
dimethylbenzene [Beil. V-374], m.p. 66 ® (19). 

3:8665 (1) Kohlrausch, Pongratz, Monatsh. 64, 370 (1934). (2) Elages, Ber. 29, 310 (1896). 
(3) Jaco^en, Ber. 18, 1761 (1885). (4) Grignard, Bellet, Courtot, Ann. chim. (9) 4, 45 (1915). 
(5) King, Merriam, Proc. Nova Scotian Inst. Sd. 18, 276-281 (1933/1934); Cent. 1935, II 2359; 
C.A. 29, 6214 (1935). (6) Vollrath, Ann. 144, 266-267 (1867). (7) T6hl, Eberhard, Ber. 26, 
2942 (1893). (8) Meyer, Ann. 433, 336 (1923). (9) Rodd. Linch, J. Chem. Soc. 1927, 2177. 
(10) Lawrie, Linch, Rodd, British Dyestuffs Corp., Brit. 297,897, Nov. 25, 1928; Cent. 1929, 
1 1274. 

(11) British Dyestuffs Corp., Linch, Rodd, Brit. 301,193, Dec. 20, 1928; Cent. 1929, I 1747. 

(12) Imperial Chem. Ind., Rodd, Linch, Brit. 314,825, Aug. 1, 1929; Cent. 1929, II 2610. (13) 
Davies, Wood, J. Chem. Soc. 1928, 1126. (14) UUmann, Uzbachian, Ber. 36, 1799 (1903). (16) 
Varma, Raman, J. Indian. Chem. Soc. 12, 640 (1935). (16) Karrer, Fritzsche, ffelv. Chim. Acta 
19, 482 (1936). (17) Dadswell, Kenner, J. Chem. Soc. 1927, 1106. (18) Gundelach, Bull. soc. 
chim. (2) 28, 343 (1877). (19) Varma, Raman, J. Indian Chem. Soc. 12, 248 (1936). (20) 
Tschunkur, Eichler (to I.G.), Ger. 609,149, Oct. 8, 1930; Cent. 1931, 1 360; [C.A. 25, 711 (1931)]. 


2.CHLORO-8-METHYLPHENOL OH C 7 H 7 OCI Beil. VI — 

VIi- 
Vl2-(355) 


B.P. abt. 194® M.P. 65-56® 

See 3 : 1055. Diviaion A: Solids. 
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3:8667 </,I-a-CHLOROETHYLBENZ£N£ H CsHgCl Beil. 7-354 
(Methyl-phenyl-carbinyl 
chloride 


B.P. 195® dec. (1) 

194° dec. (2) 

90- 91° at 33 mm. (3) 

82-83° at 18 mm. (4) 

81-82° at 17 mm. <5) 

91- 92° at 16 mm. (6) 

60-70° at 13 mm. <7) 

67.5° at 12 mm. (8) 

68° at 9 mm. (9) 

C even on stdg. tends to lose HCl with fonnn. of styrene and st 5 rrene polymers (9); such 
decompn. is facilitated by pres, of any HCl and C could not be dried with P 2 O 6 (10). 

[Both opt. act. stereoisomerides of C are known but cannot be discussed here.] 

[For prepn. of C from methyl-phenyl-carbinol (1:6475) with 6 N HCl (75% yield (3)) 
(7), with aq. HCl in pres, of CaCl 2 (2) (8), with HCl + ZnClg (71% yield (11 », with SOCI 2 
(82-88% yield (11)) (4) (5) (10), or with acetyl chloride (3:7065) (12) see indie, refs.; from 
ethylbenzene (1:7410) with CI 2 in light (1) (13) (14) (15) or in pres, of 1% PCls (90% 
yield (16)) see indie, refs.; from styrene (1:7435) by addn. of HCl (9) (17) (18) under 
press, in solvent (100% yield (19)) or at —80° (68% yield (29)) see indie, refs.; for formn. 
of C from methyl-phenyl-carbinyl MgBr during reaction with cyanogen chloride (47% 
C + 10% methyl-phenyl-carbinyl cyanide + 5% 2,3-diphenylbutane) see (6); for formn. 
of C from methyl phenyl ketone (acetophenone) (1:5515) during reductfon with Zn/Hg -f 
HCl see (20).] 

[C passed at elevated temp, over dehydrohalogenating cat. (21), or htd. with pyridine 
in s.t. 6 hrs. at 130° (77% yield (22)), or boiled with a small excess quinoline for 3^ hr. 
(75-80% yield (16)) (23), or its quat. salt with pyridine htd. in vac. (24), or htd. with 
acids less volatile than HCl (25), or htd. with salts of org. bases (26) (23) yields styrene 
(1:7435), b.p. 145°.] 

[C with H 2 and Pd in pres, of MgO as specified (8) gives rapidly and quant ethylbenzene 
(1:7410); note that C reduces much more readily than the isomeric /3-chloroethylbenzene 
(3:_8712) (8).] 

C on hydrolysis, e.g., by boilg. with 25% excess of 10-15% aq. NagCOa soln., gives 
(90% yield (16)) (27) methyl-phenyl-carbinol (1:6475) q.v.; C with aq. ale. or with aq. 
ale. NaOH gives at 50° only (5) methyl-phenyl-carbinol; at 100° both styrene (1:7435) 
and a,a-diphenyl-diethyl ether are also formed (5) ; under certain circumstances a-diphenyl- 
diethyl ether may also appear (5) (1). [For study of hydrolysis of C in acetone contg. 
HgCl 2 see (4).] 

[C with aq. NagSOa on boilg. for 9 hrs. (14) (7) gives (43-45% jrield (14)) sodiiun a- 
phenylethanesulfonate (corresp. sulfonyl chloride, ndls. from ale., m.p. 79° (14) cf. (7), 
corresp. sulfonamide and anilide are unreported).] 

C on oxidn. with Cu(N 03)2 (13) or on boilg. with aq. or dil. ale. soln. of hexamethylene- 
tetramine (28) gives (60% yield (13)) methyl phenyl ketone (acetophenone) (1:5515). 

8:8667 (l) Schramm, Monatah. 8, 101-105 (1887). (2) Engler, Bethge, Ber. 7 , 1127 (1874). 

(3) Norris, Watt, Thomas, J. Am. Chem. Soc. 38, 1078 (1916). (4) Read, Taylor, J, Chem. Soc. 

1946 , 681. (5) Ward, J. Chem. Soc. 1927 , 445-458. (6) Grignard, Ono, BvU. aoc. chim. (4) 


<( )>— C— CH, 

k 

V,-(177) 

V2-{»77) 

= 1.06S0 (9) 

= 1.0598 (6) 

= 1.6976 (9) 

» 1.5337 (6) 
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LIQUIDS WITH d|® < 1.15 

39, 1693 (1926). (7) Kharasch, May, Mayo, J. Org, Chem. 8, 188-189 (1939). (8) Paal, MiiUer- 
Lobeck, Ber. 2148-2149 (1931). (9) Breitenbach, Maschin, Z. physik. Chem. A-187, 181 
(1940). (10) Hughes, Ingold, Scott, J. Chem. Soc. 1937, 1275. 

(11) Clark, Straight, Trans. Roy. Soc. Can. (3) 23, III 77-89 (1929). (12) Radziszewski, Ber. 

7. 142 (1874). (13) Fischer, Schmitz, Ber. 39, 2210 (1906). (14) Evans, Mabbott, Turner, J. 

Chem. Soc. 1927, 1159-1160, 1162-1163. (15) Darapsky, J. prakt. Chem. (2) 146, 287 (1936j. 
(16) Zal'kind, Berkovich, Arnusin, Plasticheskte Massy 1934, No. 1, 14-20; Cent. 1934, II 3435; 
C.A. 28, 5810 (1934). (17) I.G., French 745,53.3, May 12, 1933; Cent. 1933, II 2327. (18) I.G. 

French 724,105, April 22, 1932; Cent. 1933, I 505. (19) I.G., Ger. 646,479, June 15, 1937; Brit. 

464,064, AprU 12, 1937; Cent. 1937, II 1662; C.A. 31, 6252 (1937). (20) Steinkopf, Wolfram, 

Ann. 439, 157 (1923). 

(21) Smith (Co Naugatuck Chem. Co.), U.S. 1,687,903, Oct. 16, 1928; Brit. 298,152, Oct. 4, 
1927; Cent. 1929, I 2922; C.A. 23, 156 (1929). (22) Klages, Keil, Ber. 36, 1632 (1903). (23) 

I.G., French 729,730, July 30, 1932; Cent. 1932, II 3015. (24) Dorough (to du Pont Co.), U.S. 

1,892,386, Dec. 27, 1932; Cent. 1933, I 2872; C.A. 27, 1897 (1033). (25) I.G., French 729,687, 
July 29, 1932; Cent. 1932, II 3015. (26) Naugatuck Chem. C’o., French 721,843, March 8, 1932; 

Cent. 1932, II 2109. (27) Zal’kind, Berkovich, Arnusin, Huss. 34,547, Feb. 28, 1934; Cent. 1935, 

I 3347. (28) Fabr. de Laire, Ger. 268,786, Jan. 2, 1914; Cent. 1914, I 589. (29) Kharasch, 

Kleiman, J, Am^ Chem, Soc. 65, 13-44 (1943). 


3:8670 2,2-DICHLORO-OCTANE Cl 

CHa.CH2.CH2.CH2.CH1.CHj— dl-CHa 

k 

B.P. 190-800* (1) 


CgHuC^lz 


Beil. I - 160 

li- 
I2 


[For prepn. of C from octanone-2 (n-hexyl methyl ketone) (1:5490) with PCls see (1).) 
3:8670 (l) Dachauer, Ann. 106, 271 (1858). 


3 : 8676 4-CHLORO-l,2-DIMETHyLBENZENE 
(7Z7wym.-Chloro-o-xylene ) 


CHs CgHgCl 

"Vh, 


Beil. V- 363 
Vi- 

Vir- 


Cl 

B.P. 195° U.C. (1) F.P. -6.25° (2) D\l = 1.0692 (4) 

194° at 765 mm. (2) 

192.2-194.0° (3) 

191.5° cor. (4) 

75.6-75.8° at 16 mm. (3) 

[For prepn. of C from 4-amino-l,2-dimethylbenzene (linsym.-o-xylidine) [Beil. XII- 
1103, XIIi-(480)] via diazotization and use of CU 2 CI 2 reaction see (2) (3); for prepn. of 
C from o-xylene (1:7430) with CI 2 in pres, of I 2 (4) (1) or Fc (5) (1) (the isomeric 3-chloro- 
1,2-dimcthylbenzene (3:8645) and other products are also formed) see indie, refs.] 

C on oxidn. with hot dil. HNO 3 (D = 1.2) or by htg. with HNO 3 (D = 1.1) in a s.t. at 
160° yields (4) (5) a mixt. of 5-chloro-2-methylbenzoic acid (3:4670), m.p. 130°, and 4- 
chloro-2-methylbenzoic acid (3 : 4700), eas. volatile with steam, ndls. from aq. or dil. AcOH 
(6)^ m.p. 170° (5) (6). 

C added to 3-4 vols. HNO 3 {D = 1.5) in the cold, then htd. ^ hr. at 100°, then poured 
into aq. yields (2) 4-chloro-5-nitro-l,2-dimethylbenzene, m.p. 63° (2) (7). [Note (a) 
that small amt. of a dinitro cpd., m.p. 111° (2), is also formed; (5) that the prod, of m.p. 
73° so obtd. by earlier work (1) was certainly impure; and (c) that the isomeric 3-nitro-4- 
chloro-l,2-dimethylbenzene has m.p. 75° (7).] 
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C on sulfonation <4} <5) yields exclusively 4<chloro>l,2-dimethylbenzenesulfonic acid-5 
[Beil. XI-121] (corresp. sulfonyl chloride, as yet unreported; sulfonamide, ndls. from ale., 
m.p. 207® <4)). 

6 with CI2 in pres, of Fe yields (2) 4,5-dichloro-l,2-dimethylbenzene, m.p. 76®, b.p. 240® 

( 2 ). 

8:8675 (1) Claus, Groneweg, /. prakt Chem. (2) 43 , 257 (1891). (2) Hinkel, Ayling, Walters, 
J, Chem. Soc. 1634 , 1947-1948. (3) Kohlrausch, Pongratz, MonaUk. 64 , 371 (1934). <4) Krtiger, 

Ber. 18 , 1766-1768 (1886). (5) Claus, Bayer, Ann. 274 , 305-309 (1893). (6) Huntress, Seikel, 

/. Am. Chem. Soc. 61 , 820 (1939). (7) Hinkel, Ayling, Walters, J. Chem. Soc. 1934 , 286-287. 


3:8680 n-OCTANOYL CHLORIDE 
(n-Capryloyl chloride) 


CH3.(CH2)«.C==0 

dll 


CgHigOCl Beil, n - 348 
Hi- 
n2-(303) 


B.P, 

195.55® at 760 mm. 
194-195® at 766 mm. 
188-192® 

91® at 22 mm. 
83® at 16 mm. 
74-77® at 11 mm. 


F.P. 

(1) -61.1® (l)cf. (19) 

(2) -63® to -62.5® cor. (19) 

(3) 

(4) 

(5) (19) 

(6) 


[104-105® at 9 mm. (18)] 


DS 0.94483 (1) 
= 0.94866 (1) 
Di® = 0.95349 (1) 


n^ea * 1.43408 (1) 


Care must be taken not to confuse C, the acid chloride of n-caprylic acid, with the cor- 
responding relatives of n-caproic acid (Ce) and of n-capric acid (Cio); for this reason the 
name 71-octanoyl chloride is preferred. 

[For prepn. of C from n-octanoic acid (n-caprylic acid) (1 : 1145) with PCls (yield: 82% 
(19), 64% (7), with PCI3 (2) (8), with PCI3 + ZnCl2 (90% yield (7)), with SOCI2 (3) (96% 
yield (6)), or with oxalyl (di)chloride (3:5060) (18) see indie, refs.] 

[For use of C in prepn. of corresp. cellulose esters see (9) (10); for use in syntheses of 
glycerides see (11) (12); for use writh AICI3 in Friedel-Crafts synthesis of various ketones 
see (13) (14) (19); for use in prepn. of derivatives of vanillylamine see (4) (16); for cat. 
hydrogenation to octanaldehyde (1:0192) see (15).] 

[C with AICI3 -f- phenol yields (17) 45% o-(n-octanoyl) phenol, m.p. 22.3®, b.p. 169-170® 
at 11 mm., /)?? = 0.9989, ni> ^ = 1.5169 (17) (semicarbazone, m.p. 157-158® (17)), and 
38% p-(n-octanoyl)phenol, m.p. 62®, b.p. 224-225® at 10 mm. (17) (benzoate, m.p. 107- 
108® (17)).] 

C on hydrol5rsis yields n-octanoic acid (n-caprylic acid) (1:1145) q.v. (for the amide, 
anilide, 2>-toluidide, and other derivs. corresponding to C see 1 : 1145). 

8:8686 (1) Deffet, BvU. eoc. chim. Belg. 40 , 389-394 (1931). (2) Henry, BuU. acad. roy. Bdg, 
(3) 37 , 63-72 (1899); Cent. 1899 , 1 968; Rec. trav. chim. 18 , 252-263 (1899). (3) Bardan, BvU. 
soc. chim. (5) 1 , 143 (1934). (4) Ford-Moore, Phillips, Rec. trav. chim. 53 , 865 (1934). (5) Krafft, 

Koenigs, Ber. 23, 2384 (1890). (6) Fierz-David, Kuster, BUv. Chim. Acta 22, 86-89 (1939). 

(7) Clark, BeU, Trans. Roy. Soc. Can. (3) 27 , III 97-103 (1933). (8) Aschan, Ber. 31 , 2348 (1898). 
(9) Brit. 201,610, Sept. 19, 1923; Cent. 1923 , IV 961. (lO) Brit. 313,616, Aug. 8, 1929; Cent. 
1929 , II 2743. 

( 11 ) Heiduschka, Schuster, J. prakt. Chem. (2) 120 , 165-166 (1928). (12) Robinson, Roche, 
King, J. Am. Chem. Soc. 54 , 706-710 (1932). (13) Hartung, Munch, Deckert, Crossley, J. Am. 
Chem. Soc. 52 , 3320 (1930). (14) Ralston, Bauer, /. Ory. Chem. 5 , 165-170 (1940). (16) Es- 
courrou, BvU. soc. chim. (5) 6 , 1181 (1939). (16) Nelson, J. Am. Chem. Soc. 41 , 2124 (1919). 
(17) Sandulesco, Girard, BuU. soc. chim. (4; 47 , 1309-1310 (1930). (18) Averill, Roche, King, 

J. Am. Chem. Soc. 51 , 868 (1929). (19) Paquette, Lingafeltor, Tartar, J. Am. Chem. Soc. 65 , 
686 (1943). 
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3:8700-3:8703 


3 s 8700 iTirXYiLYL CHDLORIDiB 
(wi^Methylbenzyl 
chloride, w-chloro- 
w-xylene) 

B.P. 195-196^ tt.c. (2) 
85-88*’ at 16 mm. (6) 



CsHsCl BeU. V - 373 
Vi.a83) 
V2-(291) 


- 1.064 (2) fS - 1-5337 (1> 


[For special study of prepn. (76% yield)* by chlorination of m-xylene (1:7420) in light 
see (1).] 

C stood with iV/10 ale. NaOEt at 30® yields ethyl m-xylyl ether [Beil. VI-4941, b.p. 202®, 
to extent of 10.9% in 6 hrs., 32.4% in 24 hrs. (3) cf. (4). [For data on rate of hydrolysis 
with acid or alkali in acetone soln. at 30® see (5).] 

C with Mg in ether yields R.MgCl; on carbonation at 0® (7) this yields m^H 3 .C 6 H 4 .CH 2 .- 
COOMgCl; this upon acidification presumably (no record) would yield m-tolylacetic acid 
[Beil. IX-528], m.p. 61®; upon treatment (8) with C 2 H 6 MgBr, however, it gives a mixt. 
contg. 57.6% m-tolylmalonic acid, colorless pdr. from CHCI 3 , m.p. 130-131® with loss of 
CO 2 (8). [Use of isopropyl MgCl in place of C 2 H 6 MgBr gave 88% of m-tolylmalonic ac. 
(8).l 

C on boiling with Pb(N 03)2 soln. (2), or Cu(N 03)2 soln. (30% yield (6)), or alk. Na 2 Cr 04 
(90% yield (6)) gives ?n-tolualdehyde (1:0208). 

® Ar-(o-Xylyl)phthalimide [Beil. XXI-467]: ndls. from ale., m.p. 117-118®. [Reported 
(9) from m-xylyl bromide and therefore presumably obtainable under appropriate 
conditions from C.] 

3:8700 (1) King. Merriam, Proc. Nma Scotian Inst. Sci. 18, 276-281 (1933/34); C.A. 20, 6214 
(1935); Cent. 10^, II 2359. ( 2 ) Gundelach. BvU. soc. chim. (2) 26, 43 (1876). (3) Fransen, 
J. prakt. Chem. (2) 07, 83-84 (1918). <4) OUvier, Rec. trav. chim. 41, 306-307 (1921). (5) 
Olivier, Weber, Rec. trav. chim. 53, 885 (1934). ( 6 ) Posner, Schreiber, Ber. 57, 1131, 1137 (1924). 
(7) Ivanoff, Spassoff, Buli. soc. chim. (4) 9, 20 (1931). ( 8 ) Ivanoff, Pchenitchny, Bvll. soc. chim. 
(5) 1, 227 (1934). (9) BrOmme, Ber. 21, 2700 (1888). 


3: 8703 ETHTL (f,l-7-CHL0R0-n-VALERATE C 7 H 13 O 2 CI Bell. H - 302 

CH 3 .CH.CH 2 .CH 2 .COOC 2 H 6 ni-( 131 ) 

ii 

BJ>. 196* (1) = 1.0393 (1) ng = 1.4310 (1) 

70.5° at 9 mm. (2) 

Oil with odor like amyl acetate. 

[For prepn. of C from y-chloro-n-valeric acid (3:9270) -h EtOH 4“ H 2 SO 4 see {1>; from 
7-7i-valerolactone (1 : 5080) with HCl in EtOH see (3).] [For the opt. active isomers of C 
see Beil. Il2-(268) and subsequent literature.] 

3:8703 (l) Schjanberg, Ber. 70, 2385-2391 (1937). ( 2 ) Wohlgemuth. Compt. rend. 158, 1578 
(1914); Ann. chim. (9) 2, 300-301 (1914). (3) Noyes, Cox, J. Am. Chem. Soc. 25, 1094 (1903). 
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CHLOROMALBIC ANHYDRIDE 


O 


Cl — c — c 


/ 

_/ 

\ 


H— C— C 




O 


'b 


B.P. 196® cor. M.P. 33-34® 

See 3 : 0280. Division A: Solids. 


C 4 O 8 CI Beil. XVn- 434 
XVIIi— 


= 1.5427 


6 -CHLORO- 8 -METHYLPHENOL OH C 7 H 7 OCI 



B.P. 196“ M.P. 46" 2)1“ = 1.216 

)See 3:0700. Division A: Solids. 


Beil. VI — 

VIi.(187) 

Vl2-(366) 


3:8705 4-CHL0R0-I90PR0PYLBENZENE C 9 H 11 CI 

(p-Chlorocumene) ^ CRCHa 

in. 


Beil. V - 395 
Vi- 

V2-(307) 


B.P. 196-197° at 760 nun. (1) 2^ = 1.0267(2) n?,® = 1.614 (1) 

81° at 16 mm. ( 2 ) 1.0022 ( 1 ) 

66-72° at 11 mm. (7) 1.0190 (7) ni? = 1.6120 (2) 

1.6109 (7) 

The first reference given in Beil. V-395 is erroneous. 

(For prepn. of C from /3-(p-clilorophenyl)propene (2) by cat. hydrogenation see (2); 
from chlorobenzene (3:7903) with isopropyl ale. (1:6135) + H2SO4 (72% yield) see (3) 
or with isopropyl ale. (1:6135) + BF3 + PaOs (63% yield) sec (7); for formn. of C from 
isopropylbenzene (cumene) (1:7440) with CI2 (together with other prods.) (4) (5) or with 
SO2CI2 H- AICI3 <6) see indie, refs.] 

C on oxidn. with HNO3 {D = 1.2) yields (3) (4) p-chlorobenzoic acid (3:4940). 

C with chlorosulfonic acid yields a sulfonyl chloride which with NH3 yields a sulfonamide, 
probably 2-chloro-5-isopropylbenzenesulfonamide, m.p. 91® (2). 

3:8706 <l) Tsukervanik, /. Gen. Chem. (U.S.S.R.) 8, 1512-1515 (1938); Cen<. 1939, 1 4929; C.A. 
33, 4587 (1939). (2) Ellingboe, Fuson, J. Am. Chem Soc. 66, 2965 (1933). (3) Meyer, Bern- 

hauer, Monatsh. 63/64, 741 (1929). (4> Qvist, Acta Acad. Ahoensis, Math, et Phys. 8, No. 4, 

30 pp. (1934); Cent. 1934, II 595; 1936, 1 540; C.A. 29, 6885 (1935). (5) Varma, Srinivasan, J. 

Indian Chem. Soc. 13, 191 (1936). (6) T5hl, Eberhard, Ber. 36, 2844 (1893). (7) Hennion, 

Pieronek, J. Am. Chem. Soc. 64, 2751-2752 (1942). 


3:8710 o-XYLYL CHLORIDE 

f-NCH, 

CsHsCl 

BeU. V - 364 

(o-Methylbenzyl chloride, 


Vi-(180) 

«-chloro-o-xy lene ) 

1 JCH 2 CI 


V,-(283) 


BJ>. 197-199® (1) 

92-94® at 20 mm. (2> 
76-80® at 14 mm. <3) 
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3:8710-3:8712 


Lachrymatory oil. 

[For prepn. (88% yield) from o-tolylcarbinol (1:6922) by action of thionyl chloride and 
pyridine see <2), by action of H2SO4 + HCl (85-92% yield) see <3); the prepn. from o- 
xylene (1 : 7430) by action of trioxymethylene + HCl gives a mixture of C and p-xylyl 
chloride (3:8660) (4) (5) <6).] 

C stood with N /\0 ale. NaOEt at 30® yields ethyl o-xylyl ether [Beil. VI-484], oil, b.p. 
208-210°, to extent of 21 % in 6 hrs., 52% in 24 hre. (7) cf . (8). [For data on rate of hydroly- 
sis with acid or alkali in acetone soln. at 30® see (9).] 

C with Mg in ether yields R.MgCl; on carbonation at 0° (10) this yields 0-CH3.C6H4.CH2.- 
COOMgCl; this upon acidiheation presumably (no record) would yield o-tolylacetic acid 
[Beil. IX-527], m.p. 88-89®; upon treatment (11) with C2H6MgBr, however, it gives 83.3% 
yield of o-tolymalonic ac., ndls. from aq., m.p. 139-140®, with loss of CO2 (11), 4- 16% 
3neld of o-tolylacetic ac. 

C refluxed 5 hrs. with dil. ale. KCN gives 74% yield (2) o-tolylacetonitrile [Beil. IX-5271, 
b.p. 244®, which on boiling 1 hr. with dil. H2SO4 (2) gives 73% yield (2) of o-tolylacetic ac. 
[Beil. IX-527], ndls. from aq., m.p. 88-89®. < 

C on warming at 100® with 1.3 moles pyridine gives ppt. of o-xylylp3rridinium chloride, 
cryst. from CH3OH + dry ether, m.p. 1^® (12). 

® iV-(o-Xylyl)phthalimide [Beil. XXI-467]: cryst. from ale., m.p. 148-149°. [Reported 
(13) from o-xylyl bromide and therefore presumably obtainable under appropriate 
conditions from C.] 

3:8710 ( 1 ) Reyman, BulL soc, chim. (2) 26, 634 (1876). (2) Hill, Short, J. Chem, Soc. 1036, 
1125. ( 3 ) Hcichstein, Cohen, Ruth, Meldahl, Helv. Chim. Acta 19, 415 (1936). (4) Darzens, 

Compt. rend. 208, 818-820 (1639). (5) Shorygin, Skoblinskaya, J. Gen. Chem. {U.S.S.R) 6 , 
1578-1582 (1936); Cent. 1937, I 1678; C.A. 31, 2196 (1937). (6) Hoch, Compt. rend. 192, 1465 

(1931). (7) Franzen, J. prakt Chem. (2) 97, 83 (1918). (8) Olivier, Rec. trav. chim. 41, 306 
(1921). (9) Olivier, Weber, Rec. trav. chim. 63, 885 (1934). (10) Ivanofl, Spassoff, Bull. aoc. 
chim. (4) 9, 20 (1931). 

( 11 ) Ivanoff, Pchenitchny, Bull. eoc. chim. (5) 1, 226 (1934). (12) von Braun, Nelles, Ber. 
70, 1762 (1937). (13) Strassmann, Ber. 21, 576 (1888). 


3:8712 6-CHLOROETHYLBENZENE CgHjCl 


( w-Chloroethylbenzene, 
iS-phenylethyl chloride, 
benzylcarbinyl chloride) 

B.P. 

197-198® (1) 

192-198® dec. at 760 mm. (2) 
190-200® si. dec. (3) 

96® at 23 mm. (4) 

91-92° at 20 mm. (3) (5) 

80° at 20 mm. (6) 

94^96° at 18 mm. (7) 

89-92° at 16 mm. (8) 


^CHi-CHaa 


B.P. (contd.) 

88° at 16 mm. (9) = 

8^84° at 16 mm. <2) 

83-84° at 14 mm. (10) 

81-84° at 14 mm. (11) 

85-86° at 12 mm. (5) 

79° at 12 mm. (12) 
68.5-69° at 4 mm. (13) 


BeU. V.(354) 
Vi-(177) 
V,-(a77) 


1.069 (14) 
n^, 1= 1.5294 (11) 


Colorless oily liquid. 

[For prepn. of C from /3-phenylethyl ale. (1:6505) with fumg. HCl in s.t. 4 hrs. at 140° 
(57% yield (13)) (15), with cone. HCl + ZnCb (82% yield (8)), with 6 AT HCl (small yield 
(16)), with PClg in CHClg (yield 70% (3)) (10) (12) (prod, conts. P compounds (10) re- 
moved with NaHCOj (12)) or in CCI4 (80% yield (5)), with SOCI2 at room temp, (yields: 



8:8713 
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87% {10> <11), 74% <6)) or wanning in dimethylaniline (91% yield (1)) (17) (for inter- 
mediate formn. of /9>phenylethyl chlorosulfite see {IS)) see indie, refs.] 

[For formn. of C from /S-chloroethyl p-toluenesulfonate with CeHsMgBr (36% yield (19)) 
(20) see indie, refs.; from di-(/?-ehloroethyl) sulfate with CsHsMgBr (25% yield) see (21); 
from CeHsHgCl with ICl in CCI 4 (35% yield) see <11 ); from methyl /3-phenylethyl ether (22) 
or iV’-09-phenylethyl)benzamide (7) (15) or iSr,iV^-W«-(/8-phenylethyl)benzamide (60% yield 

(23) ) with pels see indie, refs.; from /3-phenylethylamine hydroehloride with HNO 2 see 

(24) ; from 5i«-(/5-phenylethyl) ether with AeCl -f ZnCl 2 see (9); from boilg. ethylbenzene 
U :7410) with CI 2 (as by-produet of the a-isomer) see (25) (26) (27) (35).] 

C on oxidn. with Cr 03 /H 2 S 04 is mueh more resistant than benzyl ehloride (3:8535) 
(28) but ultimately yields benzoie acid (1:0715), m.p. 121®. — [C passed with steam and 
air at 450® over pumice Impregnated with V 2 O 6 gives (29) benzoic acid (52%), benzaldehyde 
(35%), phenylacetaldehyde (6%), and styrene (3%).] 

(C on reduction with H 2 + Pd/CaCOa in pres, of MgO ultimately gives ethylbenzene 
(1:7410) but rate is very much slower than with «-chloroethylbenzene (3:8667) (12).] 
(For study of rate of reactn. of C with aq. ale. NaOH (much slower than with a-chloro- 
ethylbenzene (3:8667) see (10); for rate with NaOEt see (30); for rate with NaOPr see 
(47); C with KOCeHs in ale. gives (45-50% yield (31)) phenyl jS-phenylethyl ether [Beil. 
VI-479], b.p. 180® at 23 mm., 1^® = 1.0501 (31); C with NaOAc + AcOH yields (32) 
mainly /3-phenylethyl acetate (1:3922), but 15% of the isomeric methyl-phenyl-carbinyl 
acetate (Beil. VI-476, VIi-(236)], b.p. 222® (32), is also formed.] 

(C with Nal in acetone boiled 4 hrs. gives (33) /3-phcnylethyl iodide, b.p. 125-128® at 
18-20 mm. (33) (for rate of reactn. of C with KI in acetone see (13) (34)): C with ale. 
KCN yields (25) (26) (27) /3-phenylethyl cyanide [Beil. IX-512, IXi-(199)] which on 
hydrolysis gives hydrocinnamic acid (1 : 0615), m.p. 48-49®; C on boilg. for 20 hrs. with cone, 
aq. Na 2 S 03 gives (65% yield (35)) sodium /S-phenylethanesulfonate (corresp. sulfonyl 
chloride, m.p. 34® (35); corresp. sulfonamide, m.p. 119® (35), 124® (20) ; corresp. siilfonanilide 
m.p. 77® (35)) accompanied by a little /3-phenylethyl alcohol (1:6505) but without any 
evolution of SO 2 (contrary to previous report (36)).] 

C with Mg in dry ether yields (2) (11) (19) (5) (37) (38) C 6 H 6 .CH 2 .CH 2 .MgCl: this 
RMgCl cpd. with dry CO 2 yields (19) hydrocinnamic acid (1:0615), m.p. 48-49®; with 
phenylisocyanate it yields (2) hydrocinnamanilide, m.p. 96®; with HgCl 2 it gives (85% 
yield (11)) /8-phenylethyl HgCl, m.p. 163-166® (11). (For reactn. of this RMgCl cpd. 
with cyclopentanone (38), cyclohexanone (37), a-tetralone (37), and other ketones see 
indie, refs.) 

[C with AICI 3 in CS 2 or Igr. gives (12) (1) a resin; C with AICI 3 + CeHe gives (85% yield 
(39)) (40) dibenzyl (1 : 7149) together with other products (26) (27).] — [C with Na in 
C6H6 or ether (41) gives ethylbenzene (1:7410) and 1,4-diphenylbutane [Beil. V-616, 
Vi-(290)], m.p. 52®.] [For behavior of C with benzhydryl sodium (42), triphenylmethyl 
sodium, etc. (6), see indie, refs.] 

[C on mononitration, e.g., with HNOs {D * 1.52) at —15® (3) (24) (4) (44) (45) or even 
at —70® (45) gives (70% yield (44)) /S-(4-nitrophenyl)ethyl chloride, m.p. 49® (3) (44), 
48-49® (4), 48® (45) (43), 46-47® (24), accompanied by (30% yield (44)) /3-(2-nitrophenyl)- 
ethyl chloride, an oil, b.p. 166.5-168* at 15 mm., = 1.5620, n^? - 1.662 (46); some 
/3-(2,4-dinitrophenyl)ethyl chloride, m.p. 136® (4), is sometimes formed (4).] 

3:8712 (1) Sisido, Kato, J. Soc. Chem. Ind. Japan 48 , Suppl. bind., 450-451 (1940); C.A. 85 , 
3246 (1941). (2) Underwood. Gale, J. Am. Chem. Soc. 56 , 2119 (1934). (3) Barger. J. Chem. 
Soc. 85 , 2194-2195, 2197 (1909). (4) Ferber, Ber. 62 , 187 (1929). (6) Bergs, B&r. 67 , 242-244 

(1934). (6) Schlenk, Bergmann, Ann. 479 , 83-84 (1930). (7) von Braun, Ber. 44 , 2870 (1911). 

(8) Norris, Taylor, J. Am. Chem. Soc. 46 , 756 (1924). (9) Cans, Holton, U.S. 2.013,752, Sept. 

10, 1935; Cent. 1886, 1 2207; C.A. 28 , 6902 (1933). (10) Ward, J. Chem. Soc. 1927 , 453, 458. 
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<11) Whitmore, Thorpe, /. Am, Chem, Soc. 785 (1933). (12) Paal, MUller-Lobeck, Ber, 64 , 

2148-2150 (1931). (13) Conant, Kirner, J, Am, Chem, Soc. 46 , 241, 249 (1924). (14) Dunstan, 

Hilditch, Thole, J. Chem. Soc. 163 , 140 (1913). (15) von Braun, Deutsdi, Ber. 45 , 1268-1269 

(1912). (16) Norris, Watt, Thomas, J. Am. Chem. Soc. 38 , 1078 (1916). (17) Darzens, Compt, 

rend. 152 , 1316 (1911). (18) Carr6, Libermann, Compi. rend. 168 , 274r-276 (1934). (19) Gilman. 

Beaber, J. Am. Ch^. Soc. 45 , 842 (1923). (20) Ashworth, Burkhardt, J. Chem. Soc. 1638 , 

1798-1799. 

(21) Suter, Evans, J. Am. Chem. Soc. 60 , 537 (1938). (22) Madinaveitia, BvU. eoc. chim. (4) 

35 , 604 (1919). (23) von Braun, Cahn, Ann. 436 , 266 (1924). (24) Shoesmith, Connor, J. Ch^. 

Soc. 1637 , 2232. (25) Fittig, Kiesow, Ann, 156 , 246-247 (1870). (26) Schramm, Monatsh. 8 , 

104-105 (1887); Ber. 36 , 1706-1707 (1893). (27) Fischer, Schmitz, Ber. 36 , 2209-2210 (1906). 

(28) Courtot, Perron, Compi. rend. 160 , 1057 (1930). (29) Shoruigin, Losev, J. Gen. Chem, 

iU.S.S.R.) 3 , 821-824 (1933) ; Cent. 1634 , II 2206; C.A. 38 , 6103 (1934) . (30) Kindler, Ann. 453 , 

119-120 (1927). 

(31) Shoruigin, Ber. 58 , 2035 (1926). (32) von Braun, Bartsch, Ber. 46 , 3055 (1913). (33) 

Coleman, Hauser, J. Am. Chem. Soc. 50 , 11^ (1928). (34) Baddeley, Bennett, J. Chem. Soc. 

1635 , 1820. (36) Evans, Mabbott, Turner, J, Chem. Soc. 1637 , 1159-1163. (36) Clutterbuck, 

Cohen, J. Chem. Soc. 133 , 2509 (1923). (37) Bergs, Ber. 67 , 1621 (1934). (38) Denissenko, 

Ber. 66 , 2184-2185 (1936). (39) Nenitzescu, Isacescu, lonescu, Ann. 461 , 219-220 (1931). 

(40) Anschutz, Ann. 335 , 329-330 (1886). 

(41) von Braun, Deutsch, Ber. 45 , 2181 (1912). (42) Bergmann, J. Chem. Soc. 1636 , 412-413. 

(43) Sobotka, Ber. 63 , 2192 (1929). (44) HoUeman, Hoeflake, Rec. trav. chim. 34 , 261-264 (1916). 

(45) von Braun, Ber. 45 , 1277-1278 (1912). (46) Kursanov, Kichkina, J. Gen. Chem. {U.S.S.R.) 

5 , 1342-1347 (1935); Cent. 1636 . II 1534; C.A. 30,2188 (1936). (47) Malkiel, Mason. J. Org. 

Chem. 8, 199-200 (1943). 

3:8715 a-CHLOROVINYLBENZENE y V-C=CH2 ^sHtCI BeU. V - 476 
(a-Chlorostyrene) | Vi-(230) 

Cl V2-(367) 

B.P. F.P. 


199® 



U) 

-24° to -23° (6) = 1.0983 

( 2 ) 


83.5-84® 

at 

23 mm. 

( 2 ) 

„24 6 

1.55898 

(2) 

85.0-85.5® 

' at 22.5 mm. 

(3) 

= 1.101 

( 2 ) 


80-83® 

at 

21mm. (13) 

1.0975 

(3) 


73® 

at 

16 mm. 

<4) 

1.0916 

(3) 


73-74® 

at 

16 mm. 

(3) 

_ 20.5 

Hd 

== 1.5584 

(6) 

64® 

at 

9 mm. 

(5) 

dJ® = 1.12 

(4) 






_20 

Hd 

= 1.5600 

(13) 






» 1.5645 

(4) 





Hd 

» 1.56199 

(2) 


Dl^ = 1.1030 (2) 

Di?® = 1.1034 (2) 

nU ® * 1.56336 (2) 


Colorless liq. with arom. odor soon changing to that of formaldehyde and benzoyl chloride 
from air oxidation (5). — C could not be polymerized even in u.v. light, by peroxides or 
SnCl4 (12). 

[For prepn. of C from methyl phenyl ketone (acetophenone) (1:5516) with PCls see 
(2) (1) (5) (6); from a,a-dichloroethylbenzene {** acetophenone dichloride ”) on htg. see 
(7); from /?-bromo-<r-chloroethylbenzene (st3rrene chloro-bromide) with ale. KOH in the 
cold (70% yield) see (4); from a,/8-dichloroethyl benzene (styrene dichloride) (3:6685) 
with aq. ale. NaOH at 50^® (89% yield) see (13).] 

C on boilg. with cone. HCl (4) (1), or 6 with 80% H2SO4 at 60® for 4 hrs. (13) cf. (14), 
gives (81% yield (13)) cf. (14) acetophenone (1:5515). 

C is resistant to actn. of ale. KOH (5); C on refluxing for 13 hrs. with very cone. ale. 
NaOEt gives (8) some phenylacetylene (1 : 7425) together with other prods. (8). 
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(C with NOCl yields (9) at,^,i8-trichlorostyrene, b.p. 148-150° at 20 mm. (9); C htd. 
with ale. KCN in s.t. at 200-220° yields (10) phenylsuccinonitrile which on saponification 
gives phenylsuccinic acid (1:0790); C with Na in liq. NHa gives (15% yield (10)) ethyl- 
benzene (1:7410); C with NaNHa in liq. NH3 gives (57% yield (11)) phenylacetylene 
(1 :7425); C in ale. contg. BFa/EtOAc (12) or in pres, of HCl (1) condenses with itself by 
loss of 3 HCl yielding 1,3,5-triphenylbenzene (1:7270).] 

C (10 g.) in CeHe (10 nil.) stood 3 days with PCls (30 g.) in CeHe (50 ml.), then poured 
into aq. worked up as directed (13), yields 1-phenyl-l-chloroethylenephosphinic acid*‘2, 
CaHs— C(C1)=CH— P(==0)(0H)2, ndls. from dil. HCl, m.p. 162° (13) (together with 
a little benzoic acid (1:0715), m.p. 121°). 

8:8715 (1) B6hal. BvU. aoc. chim. (2) 50 , 632-638 (1888). (2) von Auwers, Ber. 45 , 2799-2801 
(1912). (3) Ley, Rinke, Ber. 56 , 776 (1923). (4) Urion, Namias, Bull. aoc. chim. (5) 3 , 2335-2336 
(1936). (5) Dufraisse, Viel, Bull. aoc. chim. (4) 37 , 878-879 (1925). (G) Taylor, J. Chem. Soc. 

1037 , 304-308. (7) Friedel. Ann. chim. (4) 16 , 360 (1869). (8) Nef, Ann. 308 , 269-270 (1898). 

(9) Perrot, Compt. rend. 202 , 495 (1936). (10) Vaughn, J. Am. Chem. Soc. 56 , 2064 (1934). 

(11) Vaughn, Vogt, Nieuwland, J. Am. Chem. Soc. 56 , 2121 (1934). (12) Marvel, Moon, J. 
Am. Chem. Soc. 62 , 48 (1940). (13) EmerBon, Agnew, J. Am. Chem. Soc. , 67 , 518-520 (1945). 

(14) Emerson (to Monsanto Chem. Co.), U.S. 2,372,562, March 27, 1945; C.A. 39, 3555 (1945). 


3:8717 

/3-CHLOROVINYLBENZENE 

CaHrCl BeU. V - 476 


(/3-Chlorostyrene, 
w-chlorostyrene, styryl 

^>-CH=CHa 

Vi-(230) 

V2-(367) 


chloride) 




B.P. 


B.p. (contd.) 

DJ® = 1.1040 (1) 

199-199.2° (1) 

92-93° 

at 22 mm. (5) 

199° 

at 766 mm. (2) 

88-100° 

at 18 mm. (20) 

njf = 1.6736 (1) 

197-199° <3) 

83° 

at 18 mm. (6) 

1.6719 (20> 

195.5-196.6° at 716 mm. (4) 

89° 

at 17 mm. (7) (1) 

1.6700 <20) 

113° 

at 44nun. (1) 

82-87° 

at 16 mm. (20) 

= 1.109 {9> 

112° 

at 40 mm. (2) 

83-84° 

at 11 mm. (8) 

1.108 <9) 



79.5° 

at 11 mm. (9) 

Dj® = 1.1122 (]) 



78.5° 

at 9 mm. (9) 

nl^ = 1.5808 (1) 


Liquid with odor of hyacinth; used in perfume industry. Although C should exist in 
two geom. stereoisomeric forms only this one has as yet been recognized. — Volatile with 
steam. 

[For prepn. of C from cinnamic acid (1:0735) with Cl2/aq. or HOCl (1) (3) (10) (8) (12), 
with CI2 in Eton (11), with NaOCl (13) (20), or Ca(OCl)2 (14) see indie, refs.; from a,/3- 
dichlorohydrocinnamic acid (cinnamic acid dichloride) [Beil. IX-514, IXi-(200)] with 
Na2C03 at 100° (yield: 97% (15) (1)) (9) (6) or with NaOAc (60% yield (5)) see indie, 
refs.; from a-chloro-/3-hydroxyhydrocinnamic acid JBeil. X-250, Xi-(llO)] by htg. with 
aq. in s.t. at 200-220° see (2) cf. (3): for formn. of C from «,w-dichloroethylbenzene [Beil. 

V- 354] with ale. KOH in s.t. at 120° see (4); from phenyl-trichloromethyl-carbinol [Beil. 

VI- 476, VIi- (237)1 with Zn dust in ale. see (16); from a,/3-dichloroethylbenzene (styrene 
dichloride) (3:6685) by htg. with pyridine (17) or by passing over AI2O3 at 360-4(X)° and 
85-105 mm. (92% yield (20)) see indie, refs.; from CeHsMgBr with acetylene tetrachloride 
(3:5750) see (18): from styrene chlorohydrin (3:9570) by dehydration over HPO3 on 
silica gel at 370-400° and 9^115 mm. (63% yield) see (20). 

[C with CI2 in CHCI3 yields (1) a,/3,/3-trichloroethylbenzene [Beil. V-365], b.p. 254.5- 
266.6* d. dec. at 770 mm., b.p. 137° at 21 mm., D,® = 1.3619, = 1.6662 <1); C with 
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Br2 in CHCls yields <1) (13) (19) /9-chloro-cK,/3-dibromoethylbenzene [Beil. V-356], ndls. 
from ale., m.p. 32° (1) (13), b.p. 166° si. dec. at 26 mm. (1). 

C with ale. KOH in s.t. at 200-260° is partly resinified (2); C with very cone. alo. KOH 
gives on very strong htg. a chlorine-free oil which on distn. with aq. gives phenylaoetalde- 
hyde (1:0200) (4). [For rate of loss of halogen with ale. KOH see (6).] — C with EtOH/ 
NaOEt in s.t. at 176-182° for 5}/^ hrs. gives (66% yield (20)) /^thoxystyrene [Beil. VI- 
664, VIi-(279)] for conversion of which to phenylacetaldehyde see (20).] 

C on oxidn. with K2Cr207 + H2SO4 or with HNO3 (D = 1.2) gives (2) benzoic acid 
(1:0716). 

3:8717 (1) Biltz, Ann. 296, 266-268, 272-273 (1897). (2) Glaser. Ann. 164, 164-167 (1870). 
(3) Forster, Saville, ./. Chem. Soc. 121, 2595-2600 (1922). (4) Forster, Ber. 17, 982-983 (1884). 

(5) Dann, Howard, Davios, ./. Chem. Soc. 1928, 60^610. (6) Durrans, J. Chem. Soc. 123, 1427 
(1923). (7) Bergmann, J. Chem. Soc. 1936, 404. (8) Farmer, Hose, J. Chem. Soc. 1933, 964. 

(9) von Auwers, Ber. 45, 2796-2797 (1912). (10) Erlenmeyer, Lipp, Ann. 219, 186-186 (1883). 

(11) Jackson, Pasiut, J. Am. Chem. Soc. 49, 2074 (1927). (12) BOeseken, Rec. trav. chim. 41, 

204 (1921). (13) Ssuknewitsch, Tschilingarjan, Ber. 68, 1214 (1935). (14) Stenhouse, Ann. 55, 

3-4 (1845). (15) Erlenmeyer, Ber. 14, 1868 (1881). (16) Jozitsch, Favorski, J. Rttaa. Phya.- 

Chem. Soc. 30, 920-924 (1898), Cent. 1899, I 607. (17) I.G., French 729,730, July 30. 1932; 

Cent. 1932, II 3015. (18) Swarts. BuU. soc. chtm. (4) 26, 168-169 (1919). (19) Reich, van Wijck, 

Waelle, Helv. Chim. Acta 4, 248 (1921). (20) Emerson, Agnew, J. Am. Chem. Soc. 67, 518-520 

(1945). 


3: 8718 d,f-a-CHLORO-a-METHYL-n-BUTYRIC ACID CsHgOzCl 

CH3 

CH8.CH2.(!!— COOH 

da 

B.P. 200-205° at 764 mm., si. dec. (1) ViP = 1.101 (1) nl* = 1.45077 (1> 

123-124° at 36 mm. (1) 

Oily liq.; insol. aq.; sol. ale., ether. 

[For prepn. of C from a-chloro-a-methyl-n-butyronitrile by hydrolysis with cone. HCl 
see (1).] 

Methyl a-chloro-a-methyl-n-butyrate: unreported. 

Ethyl a-chloro-a-methyl-n-butyrate (see 3:8518). 

a-Chloro-a-methyl-n^butyramide: unreported. 

a-Chloro-a-methyl-n-butyranilide: unreported. 

a-Chloro-a-methyl-n-butyro-A-toluidide : unreported. 

3:8718 (1) Servais, Rec. trav. chim. 20, 68-59 (1901). 


Beil, n- 306 

Hi— 


3:8719 1-CHLORONONANE 

(n-Nonyl chloride) 


B.P. 

202° at 760 nun. (4) 
98-100° at 22 mm. (1) 
92.6-93.0° at 16 mm. (2) 
76-79° at 4 mm. (3) 


CHa. (CH2)7.CH2C1 CsHwa 


Befl. I — 

11- 

12- (128) 


i>i| = 0.8931 (3) n!? = 1.4400 <3) 

Dig = 0.8679 (1) = 1.43692 (1) 

Df » 0.8704 (4> 1.43400 (4) 


[For prepn. of C from nonanoI-1 (1:6265) PCI, + ZnCl, (53% yield) or PCI* + 
Zna, in CeH, (58% yield) or exceee SOCl, (76% yield (4)) in C,H, (62% yield) see {l)j 
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for prepn. of C (52% yield (3)) from n-hexyl MgBr + 7-chloro-n^propyl p-toluenesulfonate 
see <3).] 

3:8719 (1) Clark, Streight, Trans. Roy. 80 c. Can. (3) 23 . Ill 77-89 (1929). (2) Kohlrauech. 
KOppl, Monatsh. 63 . 269 (1933). (3) Roasander. Marvel, J. Am. Chem. Soc. 60 . 1495 (1928). 
(4) Vogel, J. Chem. Soc. 1943 , 638, 640. 


3:8720 l,6>DICHLOROH£XAN£ C6H12CI2 

(Hexamethylene dichloride) Q Cl 

iH*.CH2.CH2.CH2.CH2.(!;H. 

B.P. 903^205- <1) 

94° at 22 uun. (2) 


BeU. I - 144 

11- 

12- (109) 


(For prepn. of C from N.N'-Ws-benzoylhexamethylenediamine [Beil. IX-263J via reactn. 
with pels and distn. of the resultant &is-(imide chloride) (64% yield (2)). or similarly from 
AT- (benzoyl )hexamethyleneimme [Beil. XXi-(27)] (3), see (2) (3); for formn. from hexa- 
methylenediamine [Beil. IV-269] with NOCl (1) or from hexanediol-1,6 diphenyl ether 
[Beil. VI-1481 by htg. with HCl in s.t. at 165-175° see (1).] 


Hezanediol-1,6 diphenyl ether (1,6-diphenoxyhexane) [Beil. VI-148]: cryst. from 
ale., m.p. 83° (2), 83.0-83.5° cor. <3). [From C on refluxing 12^ hrs. with large 
excess sodium phenolate in ale. (2) (41% yield (3))]. [The half reactn. prod., w- 
chloro-n-hexyl phenyl ether [Beil. VI-144], is an oil, b.p. 164-165° at 11 mm. (4).] 

3:8720 (1) Solonina, J. Russ. Phys.-Chem. Soc. 30 , 606-632 (1898); Cent. 1899 , I 25. (2) von 
Braun, Ber. 38 . 2344-2345 (1905). (3) Muller, Sauerwald, Monatsh. 48 . 732 (1927). (4) von 
Braun, MttUer, Ber. 39 , 4112-4113 (1906). 


/5-CHLOROPROPIONIC acid Cl.CH2.CH2.COOH C3H6O2CI Beil. H - 249 

IIi-(lll) 

n 2 -(?} 26 ) 

B.P. 204° M.P. 42° 

See 3:0460. Division A: Solids. 


3: 8725 2-CHLORO-l,3,6-TRIMETHyLBENZENE C9H11CI BeU. V - 408 
(cso-Chloromesitylene) CH3 Vi — 

^C1 V2-(315) 

CHak^Ha 

B.P. 204-206° (1) =■ 1.0337 (2) ng = 1.52119 (2) 

103.6-103.7° at 26 nun. (2) 

90-91° at 20 nun. (3) 

C tamains liquid down to —20°. C is insol. aq., eas. sol. ale. or ether; volatile with steam 
but less so than dichloromesitylene. 

[For prepn. of C from 1,3,5-trimethylbenzene (mesitylene) (1:7455) with CI2 either 
directly (1) or in CHCI3 at 0° (75% yield <3)) accompanied by 2, 4^ichloro-l, 3,5-trimethyl- 
benzene (1) and/or 2,4,6-trichloro-l,3,6-trimethylbenzene, m.p. 209° (3), 204-205° (1)), or 
from 2,4,6-trimethyIphenol (mesitol) (1 : 1467) with PCU in C«H« <2) see indie, refs.] 

C with fumg. H2SO4 (20% SOa) s^ken for 15 min. gives Z-chloromesityienesulfonic acid 
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(oonesp. suUonyl chloride, oil (3), sulfonamide, m.p. 165.6-166° (3)) but gives no evidence 
of any Jacobsen rearrangement <3). 

C with fumg. HNOa yields <1) <4) mainly 4)6-dinitro-2-chloromesitylene, colorless ndls. 
from ale., m.p. 178-179° <1), 176.5° (4) [the mononitration prod., 4-nitro-2-chloromesitylene, 
has m.p. 6^-57° (I)]. 

C on oxidn. with boilg. dil. HNO3 (1 cone. HNO3: 2 aq.) for 30 hrs. yields (1) 4-chloro- 
3,5-<limethylbenzoic acid C chloromesitylenic acid ”) [Beil. IX-536], browns at 220° but 
does not melt (unsuitable as derivative). [Note that a little 4-nitro-2-chlorome8itylene 
m.p. 56-57° (1), may be formed in this process; furthermore that attempts to oxidize C 
with K2Cr207 + dil. H2SO4 yield only acetic acid <l).l 
C on oxidn. with aq. KMn04 gives (63.5% yield (5)) 2-H:hlorobenzenetricarboxylic acid- 
1,3,5 (chlorotrimesic acid) (3:4975), readily sol. cold aq., excessively sol. hot aq., m.p. 
anhydroxis acid 286° (5), monohydrate 278° <6). 

3:8725 ( 1 ) Fittig, Hoogewerff, Ann. 150, 323-329 (1869). (2) Brown, de Bruyne, Gross, J. Am. 

Chem. Soc. 56, 1291 (1934). (3) Smith, Moyle, J. Am. Chem. Soc. M, 1, 4, 7 (1936). (4) An- 

schutz, Boedeker, Ann. 4M, 108 (1927). (5) Davies, Wood, J. Chem. Soc. 1028, 1126-1127. 
(6) Ost. J. prakt. Chem. (2) 15, 310 (1877). 


3; 8727 ETHYL 6-CHLORO-n-VALERATE C7H13O2CI Beil. H - 302 

CH2.CH2.CH2.CH2.COOC2H5 Hi— 

n2-(268) 

B.P. 206-206° (1) 

120-126° at 40 mm. <2) = 1.4365 (4) 

93° at 16 mm. (5) 

83.6-85° at 8 mm. (4) 

83° at 8 mm. (3) 

[For prepn. of C from 5-chloro-n-valeric acid (3:0075) with EtOH + dry HCl see (1) 
(2) <3) <4); from a-ethoxy-n-valeryl chloride (5) on htg. with 0.7% cone. H2SO4 at 100° 
for 5 hrs. see (5).] 

[For reactn. of C with diethyl sodio-ethylmalonate see (2); for rate of reactn. of C with 
KI in acetone at 50° see (3).] 

Neither C nor its halogen is rapidly hydrolyzed by cold aq. 10% NaOH (3) (use in sepn. 
of C from phenol <3)). 

3:8727 <1) Funk. Ber. 26, 2574-2575 (1893). <2) Mellor, J. Chem. Soc. 79, 132 (1901). (3) 
Conant, Kirner, J. Am. Chem. Soc. 46, 244-245, 249 (1924). (4) Cheney, Piening, J. Am. Chem. 

Soc. 67, 733 (1945). (5) Prelog, Heimbach-Juhasz, Ber. 74, 1704 (1941). 


3:8730 ISOAMYL /3-CHLOROPROPIONATE C8H15O2CI 

M0-C6H11O.CO.CH2.CH2CI 


Ben. n — 
ni-(iii) 

n2-(227) 


B.P. 207-208° at 740 mm. (1) 
121° at 30 mm. (4) 
87° at 12 mm. (2) 


JD^ - 1.0171 (3) 

^20 

Ttj} 

= 1.0419 (4) 

Hd 


1.4343 (3) 
1.4380 <4) 


[For prepn. (97% yield (2), 90% yield (1)) from isoamyl ale. (1:6200) + /3-chloro- 
propionic ac. (3:0460) see (1) <2).] 

G on htg. at 220° with diethylaniline gives (poor yield <4)) isoamyl acrylate, b.p. 157- 
169° St 766 mm., njS - 1.4287 (4). 
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(Q Isoamyl /9-(p]itlialimido)propionate: from C in 70% yield on htg. with potassium 
phthalimide in s.t. at 130® for 1 hr.; prod, repeatedly extracted with dry ether and 
solvent evapd.; cryst. from ale., m.p. 61® (1). [This product on shaking with 12 pts. 
HBr (48%) at 40® yields j9-phthalimidopropionic acid (40% yield), cryst. from aq., 
m.p. 150-161® (4).] 

3:8730 (1) Hale, Britton, J. Am. Chem. Soc. 41 , 844-845 (1919). (2) Fichter, Schnider, Helv, 
Chim, Ada 14 , 857 (1931). (3) Schjanberg, Z. physik. Chem. 231 (1935). (4) Moureu, 

Murat, Tampier, Ann. chim. (9) 15 , 247, 251 (1921). 


3:8735 o-CHLOROPHENETOLE 
(o-Chlorophenyl ethyl ether) 



Bed. VI - 184 
VI— 


B.P. 210.3® (1) 

208® ( 2 ) 

97-98° at 16 mm. (5) 


JDJ* = 1.1888 (5) 
= 1.18993 (1) 


= 1.5884 (5) 
= 1.58333 (1) 
== 1-54014(1) 


Colorless oil, volatile with steam. 

[For prepn. from 3-chloro-4-ethoxyaniline [Beil. XIII-511, XIIIi-(181)l by replacement 
of — NH2 group with H via diazo reaction see (3).] 

C added dropwise to 2 pts. HNO3 (D = 1.38) with cooling, then poured into aq., yields 
(3) 2-chloro-4-nitrophenetole [Beil. Vl-240], yel. ndls. from ale. + Igr., m.p. 82® (3). 


® 3-Chloro-4-ethoxybenzenesulfonaniide: cryst. from dil. ale., m.p. 132-133° u.c. (4). 
[From C by treatment with chlorosulfonic ac. followed by conversion of the inter- 
mediate sulfonyl chloride to the sulfonamide by treatment with (NH4)2C03 (73% 
yield (4)).] [Note that this prod, depresses the m.p. of the corresponding deriv. 
(m.p. 134-134.5°) from p-chlorophenetole (3:0090) (4).] 

3:8735 (1) Swarts, J. chim. phys. 20 , 75-76 (1923). (2) Beilstein, Kurbatow, Ann. 176 , 39 
(1876). (3) Reverdin, Dliring, Ber. 32 , 155-156 (1899). (4) Huntress, Carten, J. Am. Chem. 

Soc. 62 , 603-604 (1940). (5) Anzilotti, Curran, J. Am. Chem. Soc. 65 , 609 (1943). 


d^-a-CHLORO-ISOVALERIC ACID C 6 H 9 O 2 CI 

CH3.CH , CH.COOH 

([:h 3 ii 


BeU. n - 316 

Hi- 

Ilr- 


B.P. 816-818® at 766 mm. M.P. 16® D- * = 1.136 nl* » 1.44496 


See 3 : 0060. Division A : Solids. 


^-CHLOROPHENETOLB )>OC 2 H 6 CgHjOa Bett. VI - 187 

VIi-(lOl) 

Vl2-(176) 

B.P. 811.6® cor. M.P. 80-81® Z^J - 1.18310 = 1.5887 


See 3 : 0090. Division A: Solids. 
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3:8787 


a-CHLOROCROTONIC ACID CH»— C— H 

a— Iv-cxxiH 


C4H(02CI Beil, n - 414 
ni-(i89) 


B J». aia* 


M.P. 99-100* 


See 3 : 2760. Division A: Solids. 


3:8737 1-CHLORO-3-PHENYLPROPENE-1 C 9 H 9 CI Beil.V — 

(w-Chloroallylbenzene; >/ \__pw pu ppr Vi — 

7-chloroaUylbenzene) V2-(373) 

Cl 

B.P. 212-314° cor. (1) D1* = 1.073 (1) = 1.648 (1) 

97 ° at 18 mm. ( 1 ) 

76° at 13 mm. (2) 

Liquid with penetrating ddor suggesting benzene. 

[For prepn. of C from 1,3-dichloropropene-l (3:5280) with CcHc + AICI3 <3), or with 
CeHsMgBr in toluene (1) (4) or ether (2) (aim. quant. 3rield (1)), see indie, refs.) 

C with PCls gives on warming (by addition to C of 2 atoms chlorine) aim. quant, yield 
<5) of 3-phenyl-l,l,2-trichloropropanc, b.p. 135-136® at 13 mm., = 1.293, wd = 1.553 
(5)^ 

C with Br2 adds similarly giving <1) (4) l-chloro-l,2-dibromo-3-phenylpropane, b.p. 160® 
at 12 mm., Di® = 1.727, n{? - 1.611 (4) (for use of this prod, in prepn. of hydrocinnamalde- 
hyde (1:0225) see <6)). 

[C resists hydrolysis and is unchanged even after several hours with aq. PbO in s.t. 
at 200® (1) (4); liowever, C with KOH (3 moles) in abs. ale. on refluxing at 130-135® is 
readily converted (by reactn. of the <o-chlorine atom and rearr. or vice versa) into cinnamyl 
ethyl ether (7-ethoxy allylbenzene) [Beil. VI-571, VIi-(281)], b.p. 127-128® at 22 mm., 
= 0.970, ni> = 1.547 (1) (4), which by cleavage with HCl under press, gives <7) 
cinnamyl chloride (3:0010) q.v.] 

[C with Na (4 moles) in tioilg. toluene g^ves (8) propenylbenzene 08-methylstyrene) 
[Beil. V-481, Vi-(371)], b.p. 176®, neither methyl phenyl^cetylene nor benzylacetylene being 
formed.] 

[C with NaNH2 in high-boilg. pet. at 105-110° gives (75% yield (9)) <10) (11) benzyl- 
acetylene [Beil. V2-(408)], b.p, abt. 166° at 760 mm. (with resinification).] 

8:8737 (1) Bert, Bidl. aoc. chim. (4) 37, 879-881 (1925). (2) von Braun, Kuhn, Ber. 58, 2171 
(1925). (3) Bert, Compt. rend. 213, 619-G20 (1941); Cent. 1942, II 30-31; C.A. 87, 4373 (1943). 

(4) Bert, Compt. rend. 180, 1504-1506 (1925). (5) Bert, Annetiuin, Cermpt. rend. 192, 1107-1108 

(1931). (6) Bert, Compt. rend. 216, 356-357 (1942); C.A. 38, 3633 (1944). (7) Bert, Dorier, 

C(mipt. rend. 191, 332-333 (1930) ; Cent. 1930, II 2376; C.A. 24, 5739 (1930). (8) Bert, Raynaud, 

C&mpt. rend. 191, 454-^55 (1930); Cent. 1930, II 3544; C A. 26, 89 (1931). (9) Bert, Dorier, 

BtM. 8 OC. chim. (4) 39, 1611-1612 (1926). (lO) Bourgeul, BuU. soc. chim. (4) 41, 192-193 (1927). 

( 11 ) Bert, Dorier, Bull, eoc, chim. (4) 41, 1171-1173 (1927). 
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3:8740 o-TOLTHTL CHLORIDE 

(o-Methylbenzoyl 

chloride) 



BeU. IX - 464 
IXi.(187) 


B.P. 

213.0-213.6* 

213® 

212 ® 

212® cor. 
211® 

206-208® 


at 760 mm. <1) 
at 760 mm. <2} 
at 762 mm. (3) 
(4) 

at 733 mm. <5) 

( 6 ) 


B.P. (contd.) 

110-111® at 29 mm. <7) 
109-123® at 28 mm. <8) 
99-100® at 12 mm. (9) 
99-103® at 11 mm. <10) 
83® at 8 mm. (26) 

75.6® at 6.6 mm. (11) 
75.0-75.5° at 2 mm. (12) 


[For prepn. of C from o-toluic acid (1:0690) with PCls (10) (yield: 100% (3), 75% (13)), 
with PCls in CHCI 3 (7), with PCI 3 at 110® (14), with POCls (6) or POCI 3 -I- alk. chloride 
(15), with SOCI 2 (11) (yield: 100% (9), 95% (2), 92% (26), 89% (4)) see indie, refs.; for 
prepn. of C from o>toluic anhydride (see below) with PClg in POCI 3 see (7).] 

C with pyridine -f excess K 2 S 2 O 5 yields (16) o-toluic anhydride, m.p. 39® (16) (7), 36-37® 

(17) . 

[For Friedel-Crafts reactn. of C + AICI 3 + various hydrocarbons to yield corresp. ketones, 
e.g., with CeHe (5) (6) (18), with toluene (19), with naphthalene (9), with phenantlirene 
(20), with acenaphthene (4), etc., see indie, refs.; C with MeZnI gives (75% yield (21)) 
methyl o-tolyl ketone.] 

[For studies of rate of reactn. of C with MeOH (22) (23), with EtOH (12) see indie, refs.] 
[For actn. of Br 2 on C see (2); for reactn. of C with diethyl sodiomalonate see (24); for 
sulfonation of C see (25); for behavior of C with CeHsMgBr in ether + CoBr 2 see (26).] 

C on hydrolysis yields o-toluic acid (1:0690), m.p. 104® (for the amide, anilide, p- 
toluidide, and other derivatives corresp. to C see 1:0690). 

3:8740 (1) Kohlrausch, Pongratz, Stockmair, Monatsh. 67, 107 (1936). (2) Davies, Perkin, J. 
Chem. Soc. 121, 2207 (1922). (3) van Scherpenzeel, Rec. trav. chim. 20, 169 (1901). (4) Guyer, 

Zuffanti, J. Am. Chem. Soc. 67, 1787-1788 (1935). (5) Ador, Filliet, Ber. 12, 2301 (1879), 

(6) Reddelien, Ber. 48, 1468 (1915). (7) Klages, Lickroth, Ber. 82, 1561 (1889). (8) Hayashi, 
J. prakt. Chem. (2) 123, 300 (1929). (9) Mayer, Fleckenstein, Gunther, Ber. 63, 1470 (1930). 
(10) Cohen, Dudley, J. Chem. Soc. 07, 1749 (1910). 

(11) Thompson, Norris, J. Am. Chem. Soc. 68, 1955 (1936). (12) Norris, Young, J. Am. Chem. 

Soc. 67, 1420-1424 (1935). (13) Tanner. Lsusselle, J. Am. Chem. Soc. 48, 2164 (1926). (14) 

Frankland, Wharton, J. Chem. Soc. 69 , 1311 (1896). (15) Kissling (to I.G.), Ger. 642,519, 
March 10, 1937; Cent. 1937, I 3874; C.A. 31, 5810 (1937). (16) Gasopoiilos, Praktika Acad. 
Athenon 0, 347-353 (1931). (17) Adams, Wirth, French, J. Am. Chem. Soc. 40, 426 (1918). 

(18) Diesbach, Strebei, Helv. Chim. Acta 8, 561 (1925). (19) Mauthner, J. prakt. Chem. (2) 103, 

393 (1921). (20) Clar, Ber. 62, 358 (1929). 

(21) Ruzicka, Ehmann, Helv. Chim. Acta 16, 160 (1932). (22) Norris, Fasce, Staud, /. Am. 
Chem. Soc. 67, 1415-1420 (1936). (23) Ott, Ber. 66, 2123 (1922). (24) Mercer, Robertson, 
J. Chem. Soc. 1936, 292. (25) Meiser (to General Aniline and Film Corp.), U.S. 2,273,974, Feb. 
24, 1942; C.A. 36, 3809 (1942). (26) Kharasch, Nudenberg, Archer, J. Am. Chem. Soc. 66, 
497 (1943). 


3:874^ l-CHLORO-2-PHEinfLPROPENE-l 
05-Chloro-o-methylst3rrene) 


CH* 


BJ». 2ia-215* (1) 

210-215° <2) 

102-100° at 14 mm. <2) 




BeU.V-485 

V,- 

V,- 
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3:8749-3:8765 


[For prepn. of C from a,i 8 -dichloroisopropylbeiizene (a-methylstyrene dicbloride) [Beil. 
V-395] with ale. KOH see ( 2 ); from /3-chloro-<*-hydroxybopropylbenzene [Beil. VI-5071 
on distn. at ord. press. <3) or by htg. with oxalic acid <2) see indie, refs.; from the lower- 
melting stereoisomer of /9-methylcinnamic acid [Beil. IX-614, IXi-(254)] with HOCl see 
(2).l 

3:8742 (1) Tiffeneau, Compt. rend. 138, 986 (1904). (2) Tiffeneau, Ann, c^tm. (8) 10» 166, 173, 
180 (1907) . <3) Tiffeneau, Compt. rend. 134, 775 (1902) . 

3: 8746 t, 7 '-DICHLORO-DI- 7 I-PROPYL ETHER CflHi 20 a 2 Beil. S.N. 94 
(Ws- ( 7 -Chloro-n-propyl )ether ) CICH 2 .CH 2 .CH 2 

ClCHs.CHj.CHs'^ 

B.P. 215° at 746 mm. ( 1 ) =• 1.140 ( 1 ) 

93-95° at 18 mm. <2} 

[For prepn. (10-15% yield (1)) from trimethylene chlorohydrin (3:8285) by refluxing 
with dil. H 2 SO 4 see <l).l 

3:8745 (1) Kamm, Newcomb, J. Am. Chem. Soc. 43, 2228-2229 (1921). (2) Eastman Org. Chem. 

List No. 33 (1942). 


3:8765 PELARGONYL CHLORIDE CH 3 .(CH 2 ) 7 .C =0 C 9 H 17 OCI 
(n-Nonanoyl chloride) 


B.P. 

916.36® at 760 mm. (1) 
990° at 749 mm, (2) 
98° at 16 mm. (3) 
93-96° at 11 mm. (4) 
89° at 6 mm. (5) 


F.P. 

-60.6° 


(1) Di® = 0.93780 (1) 

« 0.94906 (1) 

D\^ - 0.94633 <1> n^ea 


Beil, n - 363 
Hi- 
n2-(308) 


» 1.43809 <1) 


[For prepn. of C from pelargonic acid (n-nonanoic acid) (1:0560) with PCls (3) (65% 
yield (6)), with PCI 3 (2) (72% yield <!)), with PCI 3 + ZnCl 2 (93% yield <6)), or with 
SOCI 2 (yield 93.5% <4), 85% (6)) see indie, refs.] 

[For reactn. of C with toluene + AICI 3 to give corresp. ketone see <7), with AICI 3 + 
anisole to give corresp. ketone see < 8 ), with ethyl sodio-acetoacetate and hydrolysis to 
methyl 71 -octyl ketone (decanone-2) see (9), with K carbazole to yield iV-(n-nonyl)carba- 
zole, m.p. 72-73°, see (10), with vanillylamine see (5).] 

[C with AICI 3 + phenol yields (11) 55% o-(n-nonanoyl)phenol, b.p. 180° at 10 mm., 
m.p. 18.4°, D?? = 0.9887, nff * ■= 1.5139 (11) (semicarbazone, m.p. 164° (11), and 36% 
p-(7i-nonanoyl)phenol, m.p. 64.5°, b.p. 232° at 10 mm. (benzoate, m.p. 99.8° (11)).] 

C on hydrolysis yields pelargonic acid (1 : 0560) q.v. (for the amide, anilide, p-toluidide, 
and other derivatives corresp. to C see 1:0560). 

3:8765 (l) Deffet, BttU. soc. chim. Bdg. 40, 389-396 (1931). (2) Henry, Bull. acad. roy. Bdg. 

(3) 37, 63-72 (1899) ; Ceni. 1899, 1 968; Rec. trav. chim. 18, 263-254 (1899). (3) Krafft, Koenig. 

Ber. 23, 2384 (1890). (4) Fierz-David, Kuster, Helv. Chim. Acta 22, 86^9 (1939). (5) Ford- 

Moore, Phillips, Rec. trav. chim. 53, 865 (1934). (6) Clark, Bell, Trans. Roy. Soc. Can. (3) 27, 

III 97-103 (1933). (7) Hasan, Stedman, J. Chem, Soc, 1331, 2117. (8) Skraup, Nieten, Ber. 57, 

1302-1303 (1924). (9) Asahina, Nakayama, J. Pharm. Soc. Japan 1925, No. 526, 3-6; Cent, 

1926, 1 2670. (10) Oopisarow, J. Chem. Soc. 113, 818 (1918). 

(11) Sandulesco, Girard, BvU. soc. chim. (4) 47, 1310 (1930). 
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^-CHLOROBENZALDEHYDE Cl< ^ ) >CHO CTHtOQ 

BJ». 814.5‘‘-216.5° at 760 mm. M.P. 4&-49‘“ 

See 3 : 0765. Division A : Solids. 


Beil. Vn - 235 
vni.(133) 


3:8770 3-CHLORO-4-ISOPROPyL-l-METHYLBENZENE C 10 H 13 CI 


(3-Chloro-p-cymene ) 


(CH3)aCH<( )>CH3 

a 


Beil. V- 423 

Vi- 

V8-(326) 


B.P. 217.1* at 760 mm. (1) Z)i« = 1.01 7B9 <5) 

213-214* cor. at 736.6 mm. (2) n}? = 1.61796 ( 6 ) 

214* at 760 mm. (3) 

120-122* at 20 mm. (4) (5) 


[For prepn. of C from thymol (3-hydroxy-p-cymene) (1:1430) with PCls see (1) (4) 
(5) (6); for prepn. of C from 2-bromo-p-cymene [Beil. V-423, Vi-(205)] by chlorination to 
5-chloro-2-bromo-p-cymene [Beil. V-424I followed by replacement of Br by H with Zn/Cu 
at 200® (7) or in ale. alk. (8) see (7) (8); for prepn. of C from 3-chloromenthadiene dibromide 
by elimination of 2 HBr with quinoline see (3).] 

[C on oxidn. with 15 pts. boilg. dil. HNO3 (D — 1.24) gives (2) a mixt. of 3-chloro-4- 
isopropylbenzoic acid (3-chlorocuminic acid) [Beil. IX-5491, m.p, 122 -123®, 2-chloro-4- 
methylbenzoic acid (2-chloro-p-toluic acid) (3:4355), m.p. 155®, and 2-chloroterephthalic 
acid (3:4995), m.p. about 320®.] 

[G on mononitration with 6 pts. cone. HNO3 (D = 1.48) below 15® for 3-4 hrs. as directed 
<4) yields 6-nitro-3-chloro-p-cymene — • 2-mtro-5-chloro-p-cymene [Beil. V-424], oil, b.p. 
142-150® at 13 mm. (4) (which with piperidine for 30 min. at 100® yields (4) 2-nitro-5- 
piperdino-p-cymene, oil, b.p. 146-148® at 32 mm. (4)).] 

C on dinitration by adding to 10 pts. cone. HNO3 {D = 1.5) below ~5® during 15 min., 
then poured onto ice, yields (4) (9) a mixt. from which can be isolated 2,6-dinitro-3-chloro- 
p-cymene, m.p. 105-106® (9), 102.5-103.5® [4) (which with piperidine (5 pts.) at 100® for 
114 hrs. yields 2,6-dinitro-3-piperidino-p-cymene, pale yel. ndls. from ale., m.p. 126-127® 
(9), 123-124® <4)). 

[During this dinitration of C there is also formed a by-prod, formerly (4) supposed to 
be 2-<shloro-3,5-dinitro-4-methylacetophenone but more recently (10) shown to be 3-chloro- 

4.6- dinitrotoluene, m.p. 90.0-90.5® (10); this prod, with piperidine gives (10) 3-piperidino- 

4.6- dinitrotoIuene, m.p. 116-116.5® (10).] 


8:8770 (1) Kobe, Okabe, Hamstad, Huemmer, J. Am. Chem. Soc. 63, 3251-3252 (1941). (2) 
FUeti, Crosa, Gazz. chim. ital. 16, 288 (1886). (3) Junger, Klages, Ber. 29, 316 (1896). (4) 

Ganguly, R. J. W. LeFevre, J. Chem Soc. 1934, 848-852. (5) C. G. LoFevre, R. J. W. LeFevre, 
K. W. Robertson, J. Chem. Soc. 1935, 483. (6) Vongerichton, Ber. 11, 364-369 (1878). (7) 

Frisch, Ger. 615,470, July 5, 1935; Cent. 1936, I 883; C.A. 29, 6252 (1935). (8) Livak, Carlson 
(to Dow Chem. Co.), U.S. 2,192,613, March 5, 1940; C.A. 34, 4396 (1940), (9) Qvist, Moilanen, 
Acta Acad. Aboensis, Math, et Phys. 13, No. 12, 10 pp. (1942); Cent. 1942, II 1337-1338; C.A. 
87, 6254 (1943). (10) Qvist, Moilanen, Acta Acad. Ahoensis, Math, et Phys. 14, No. 3, 9 pp. 

(1943); Cent. 1943, II 1268-1269; C.A. 38, 5491 (1944). 
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3:8775 


3:8775 2-CHLORO-4.ISOPROPYL.i-M£THYLB£NZ£N£ C10H13CI Beil. V - 423 


(2-Chloro*/Mjymene ) 


(CH8)2CH<;^^ ^Ha 

61 


Vi- 

V2-(325) 


B.p. 217.6® 

at 

760 

mm. 

(1) 

216-218® 

at 

762 

mm. 

(2) (3) 

216-218® cor. 

at 

746 

mm. 

(4) 

216-217® 

at 

761 

mm. 

(5) 

215-218® 




(6) 

214r-216® 




(7) 

213-216® 




(8) 

213-214® 

at 

764 

mm. 

(9) 

117® 

at 

36 

mm. 

(4) 

103-105® 

at 

19 

mm. I 

(10) 

85-90® 

at 

6 

mm. 

(6) 


1.0208 (5) 

1.0152 (?) (2) 

nU 


1.51776 <5> (2) 


[For prepn. of C from carvacrol (2-hydroxy-p-cymene) (1:1760) with PCU see (1) (11); 
from p-cymonc (1 :7505) with CI2 in pres, of I2 (9) (3) (12) (8) (17) or Fe (6) (17) see indie, 
refs.; from 2-amino-/>-cymene (cymidine) (carvacrylamine) [Beil. XII-1171, XHi- (506)1 
via diazotization and use of CU2CI2 rcactn. see (2) (9); from carvone (1:5540) (13) or eucar- 
vone [Beil.' VII-151, VlIi-(99)] (13) or carvenone [Beil. VII-78, VIIi.(66)] (10) with PCls 
(cf. (14) (15)) see indie, refs.] 

C on oxidn. with boilg. dil. HNO3 yields (12) (8) (11) (10) 3-chloro-4-methylbenzoic acid 
(3-chloro-p-toluic acid) (3:4900), m.p. 199® (10), 196® (8), 194-195® (12). 

C on dinitration with 10-12 pts. HNO3 (D = 1 5) below 0® (2) (16) (18) or with a mixt. 
of cone, or fumg. HNOs-f fumg. H2SO4 as directed (2) (8) (6) yields 5,6-dinitro-2-chlorO“P- 
cymene, cryst. from AcOH (2), dil. AcOH (2), EtOH (6), or dil. MeOH (16), m.p. 111.0- 
111.5® cor (18), 109.5-110.5® (2), 109.5® (8), 108-109® (6). [This prod, refluxed with 
5-10 pts. piperidine for 20-60 min. at 100® gives 3,5-dinitro-2-piperidino-p-cymene, yel. 
ndls. from AcOH (2) or from dil. ale. (18) (16), m.p. 123-124® (16), 122.5-123.5® (18), 
122-123® (2).] [Note that the original structure assigned by (6) to dinitro-C has been 
confirmed by (18) despite intermediate contrary views (2) (16).] 

[C with Br2 + Fe at ord. temp, yields (17) 5-bromo-2-chloro-i>-cymene, b.p. 247® (17).J 

3:8775 (l) Kobe, Okabe, Ramstad, Huemmer, J. Am. Chem. Soc. 63, 3251-3252 (1941). (2) 

Ganguly, R. J. W. LeFevre, J. Chem. Soc. 1934, 852-854. (3) Ganguly, R. J. W. LeFevre, J. 
Chem. Soc. 1934, 1699. (4) Fileti, Crosa, Gazz. chim. ital. 18, 299 (1888). (5) C. G. LeFevre, 

R. J. W. LeFevre, K. W. Robe^ts^Jn, J. Chem. Soc. 1935, 480-488. (6) Lubs, Young, J. Ind. 

Eng. Chem. 11, 1130-1133 (1919). (7) Junger, Kluges, Ber. 39, 315 (1896). (8) Hintikka, Ann. 

Acad. Sci. Fennicae 19-A, No. 10, 6 pp. (1923; , C.A. 19, 42 (1925). (9) R. J. W. LeFevre, J. 

Chem. Soc. 1933, 980-984. (10) Marsh, Hartridge. J. Chem. Soc. 73. 854-855 (1898). 

(11) Fleischer, Kehul6, Ber. 6, 1090 (1873). (12) Vongerichten, Bcr. 10, 1249-1252 (1877). 
(13) Klagcs, Kraith, Ber. 33, 2554, 2558, 2560 (1899). (14) Semmler, Ber. 41, 4478 (1908). 
(15) Wallach, Ann. 368, 15 (1909). (16) R. J. W. I^Fevre, J. Chem. Soc. 1933, 980. (17) 
Varma, Srinivasan, J. Indian Chem. Soc. 13, 190-191 (1936). (18) Qvist, {Kajander, Acta Acad. 
Aboenaia, Math, et Phya. 13, No. 10, 16 pp. (1942); Cent. 1943, II 26-28; C.A. 37, 4370-4372 
(1943). 


^-CHLOROPHBNOL 


a<(^ )>OH 


B.P. ai8-ai9® M.P. 4»-43® 

See 3 : 0475. Division A: Solids. 


CeHfiOCl Befl. VI - 186 
VIi-(lOO) 
yh-{i7A) 
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3:8777 v-PHENYI-yi-PROPYL CHLORIDE CjHnCl 


(7-Chloro-n-propylbenzene, 
hydrocinnamyl chloride) 


)>CH2.cH2.cHi.a 


Beu. V - aei 
Vi-(190) 
Vs- (306) 


B.P. 210-330' cor. (1) (3) (13) = 1.066 (7) = 1.63030 (2) 

106-106.6' at 22 mm. (2) 1.6160 (6) 

110' at 21 mm. (3) (13) D? = 1.04369 (2) 

96-97' at 12 mm. (10) 

03.6-96' at 11 mm. (4) = 1.0801 (6) 

86-87' at 9 mm. (5) 

89-93° at 6 mm. (6) 


[For prepn. of C from 7-phenyl-n-propyl ale. (hydrocinnamyl ale.) (1:6520) with fumg. 
HCl in s.t. at 130° (1) (15) or 140-150° (3), or in s.t. at 100° for 8 hrs. (77% yield (5)), or 
with ZnCl2 + cone. HCl (40% yield (8)) {2> see indie, refs.; with SOCI2 in ether (82% 
yield (9)) or pyridine (48.5% yield (10)) or dimethylaniline (70.5% yield (10)) see indie, 
refs, (for intermediate formn. of 7-phenyl-n-propyl chlorosulfite and (7-phenyl-n- 
propyl) sulfite in this reactn. see (11)); from 7-chloro-n-propyl p-toluenesulfonate (2 moles) 
with CeHsMgBr in ether (yield: 62% (6), 31% (12)) see indie, refs.; from C6H6CH2MgCl 
with di-(/3-chloroethyl) sulfate in ether (66% yield) see (4); from o-(7-chloro-n-propyl)- 
aniline via diazotization and treatment with alk. -f SnCl2 (75% yield (3)) (13) see indie, 
refs.; from N-methyl-n“(7-phenyl-nrpropyl)benzamide with PCI5 see (14).] 

C is not decomposed on boilg. with ZnCl2 and does not react at 100° with AgOAc (1). 

[C boiled for 8 hrs. with excess 5% NaOMe in MeOH gives (86% yield (15)) 7-phenyl- 
n-propyl methyl ether [Beil. VIi-(252)], b.p. 206.5° at 758.5 mm. u.c., b.p. 100-102° at 
20 mm. (15); C with KOH in EtOH refluxed 2 hrs. gives (1) 7-phenyl-n-propyl ethyl ether 
[Beil. VI-503], b.p. 224° cor.; C boiled several hours with excess cone. ale. NaOCeHs gives 
(100% yield (3)) 7-phenyl-n-propyl phenyl ether [Beil. VI-504, VIi-252], b.p. 182-183° 
at 17 mm. (3).] ' 

[C on boilg. several hours with ale. Nal yields (3) 7-phenyl-n-propyl iodide, b.p. 137- 
140° at 20 mm. (3) (for rate of reactn. of C with KI in acetone at 50° see (5)).] 

[C with activated Mg in dry ether gives (98% yield (9)) C6H6.CH2.CH2.CH2.MgCl; for 
reactn. of this RMgCl cpd. with various carbonyl cpds., e.g., acrolein (10), ethyl phenyl 
ketone (9), or cyclopentanone (16), see indie, refs.] 

[0 with AICI3 in CS2 or Igr. gives (17) about 10% hydrindene (1:7511), b.p. 177°, to- 
gether with other products.] 

[C on mononitration with 4 vols. HNO3 (D = 1.5) below —10° gives over 90% yield 
(18) of 7-(p-nitrophenyl)-n-propyl chloride [Beil. Vi-1911, b.p. 176-180° at 15 mm. with 
si. dec. (18).] 


8:8777 (1) Errera, Oazz, chim, xtal 16, 313-314 (1886). (2) Goebel, Wenzke, J. Am. Chem. Soc. 
60, 698 (1938). (3) von Braun, Ber. 43, 2841-2842 (1910). (4) Suter, Evans, J. Am. Chem. Soc. 
60, 636-537 (1938). (6) Conant, Kirner, J, Am. Chem. Soc. 46, 242, 249 (1924). (6) Rossander. 
Marvel, J. Am. Chem. Soc. 60, 1495 (1928). (7) Dunstan, Hilditch, Thole, J. Chem. Soc. 103, 
140 (1913). (8) Norris, Taylor, J. Am. Chem. Soc. 46, 766 (1924). (9) Gilman, Harris, J. Am. 
Chem. Soc. 64, 2076 (1932). (10) Cohen, J. Chem. Soc. 1036, 433. 

(11) Carr6, libermann, Compt. rend. 198, 274-276 (1934). (12) Gilman, Beaber, J. Am. 
Chem. Soc. 46, 842 (1923). (13) Merck, Ger. 239,076, Oct. 9, 1911; Cent. 1911, II 1393. (14) 
von Braun, Aust, Ber. 49, 607 (1916). (15) Straus, Berkow, Ann. 401, 151 (1913). (16) Denis- 
senko, Ber. 60, 2186 (1930). (17) von Braun, Deutsch, Ber. 46, 1269 (1912). 
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^-PHENOXTETHYL CHLORIDE CgHflOCi Beil. VI - 142 

VIi- 

'Vl2-(144) 

B.P. 220® M.P. 28® 

See 3 : 0166. Division A: Solids. 



3:8780 NEOPHYL CHLORIDE (1) 

(/3-Chloro-/€r-butyl ) benzene ; 
(/3-chloro-a,a-dimethy 1 )ethylbenzene 


B.P. 221® dec. at 741 nun. (1) 

111** at 90 mm. (2) 

110-120** at 30 mm. (3) 

104-105® at 20 mm. (5) 

104-105® at 18 mm. (4) 

97® at 13 mm. (1) 

95® at 10 mm. (1) 

53® at 1 mm. (8) 

[For prepn. of C from benzene (1 : 7400) -f- methallyl chloride (3-chloro-2-methylpropene- 
1) (3:7146) by condensation in presence of cone. H2SO4 (68% yield {!)) or HF (66% 
yield (2)) see (1) (2); for formn. from <er-butylbenzene (1:7460) ,by treatment with SO2CI2 
see (3); for formn. from corresp. ale. (2-methyl-2-phenylpropanol-l) with SOCI2 see (5) (4).] 
C htd. with 13% ale. KOH at 86® ^r 24 hrs. is unchanged (2); C refluxed llj^ hrs. with 
NaOEt in abs. ale. (1) or refluxed 9)^ hrs. with pyridine (1) is recoverable to extent of 
87-88% (1). 

[For study of behavior of C with Na, Na in liq. NH3, NaEt, NaNH2, etc., or on pyrolysis 
see (1).] 

C with sublimed Mg (not comml. Mg even after activation) + a trace of I2 yields (3)' 
ncophyl MgCI; this RMgCl on oxidation with O2 gives (71.6% yield (1)) the corresp. ale., 
2-methyl-2-phenylpropanol-l, b.p. 131® at 30 mm. (1), 122-123® at 20 mm. (5), n?? * 

l. 5261 (iV-phenylcarbamate, m.p. 69-60® (5), 59.5-60.5® (1); iV-(a-naphthyl) carbamate, 

m. p. 91.5-92.5® (1)). [For behavior of C with CeHsMgBr in pres, of CoBr2 see (8).] 

® /3-Phenylisovaleric acid: cryst from pet. eth., m.p. 57.5-58.6® (6), 68-69.5® (1). 

[From RMgCl on carbonation and subsequent hydrolysis; yield 81.6% (1).] 

® /3-Phenylisovaleranilide: m.p. 122-123® (3), 121-123® (6) [from RMgCl by reactn. 
with phenyl isocyanate (3)]. 

® ^-Acetamino-(j8-chloro-fer-butyl) benzene: m.p. 155-156® (7). [From C by nitration, 
reduction, and acetylation (7).J 

3 : 8780 (1 ) Whitmore, Weisgerber, Shabica, J. Am. Chem. Soc. 06 , 1469-1471 (1943) . (2) Calcott, 
Tinker, Weinmayr, J. Am. Chem. Soc. 01 , 1012 (1939). (3) Kharasch, Brown, J. Am. Chem. Soc. 
01 , 2147-2148 (1939;. (4) Haller, Ramart, Campt. rend. 174 , 1212; Cent. 1032 , HI 545. (5) 
Haller, Bauer, Ann. chim. (9) 9 , 10-14 (1918). (6) Hoffmann, J. Am. Chem. Soc. 51 , 2547 (1929). 
( 7 ) Ipatieff, Schmerling, J. Am, Chem, Soc. 67 , 1624 (1945). (8) Urry, Kharasch, J, Am. Chem. 
Soc. 60 , 1438-1440 (1944). 


o4 


C10H13CI 

CHa 


!— CHaQ 

(l)H, 


Bea.V — 

Vi- 

V2-(380) 


Hr, 


1.5250 (1) 
1.5253 (3) 
1.5248 (8) 
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3:8783 d^l^-CHLORO-n-VALERIC ACID C5H9O2CI 

CH3.CH2.CH2.CH.COOH 

ii 

B.P. F.P. 

222^ at 763 mm. (1> -15° (1) « 1.141 (1) 

132-135° at 32 mm.. (1) 

Oil; insol. aq., sol. in ale., ether. 

[For prepn. of C from o-chloro-n-valeronitrile by hydrolysis with cone. HCl see <1) <2).] 
[The levorotatory isomer of C, b.p. 80-84° at 1 mm., has been obtd. (3) from dextrorotatory 
3-chlorohexene-l by ozonolysis in CHCI3, decompn. with aq., and Br2/aq. oxidn. of the 
resultant aldehyde.] 

a-Chloro-n-valeramide: cryst. from ale. + aq. (3:1), m.p. 70-70.2° <4). [Prepd. 

indirectly from a-chloro-w-valeronitrile with cone. HCl (4).] 

a-Chloro-n-valer-anilide : unreported. 

a-Chloro-n-valero-p*toluidide: unreported. 

3:8783 (l) Servais, Rec. irav. chim. 20, 45-46 (1901). (2) Henry, Bull. acad. roy. Belg. (3) 36, 

241-262 (1898) ; Cent. 1898, I 194. (3) Levene, Haller. J. Biol. Chem. 83, 596 (1929). (4) Van- 

dewijer, Bull. soc. chim. Belg. 45, 255 (1936). 

4-CHLORO-2-METHYLPHENOL OH C7H7OCI Beil. VI -(359) 

VIi-(174) 
Vl2-(332) 


B.P. 220-225° M.P. 48-49° 

See 3 : 0780. Division A : Solids. 


3 : 8784 6-CHLORO-2,4-DIMETHyLPHENOL CsHgOCl 

(6-Chloro-77i-4-xylpnol) OH 

CH3 


CH, 

B.P. 221-223° at 760 mm. (1) 

100-101° at 17 mm. <2) 

100-101° at 16 mm. (3) 

86.5-87° at 9 mm, (2) 

Oil with phenolic odor. — Sol. aq., eas. sol. org. solvents. — Volatile with steam. 

[For prepn. of C from 2,4-dimethylphenol (wngj/m.-m-xylenol) (1 : 1740) by chlorination 
with acet-N-chloro-2,4-dichloroanilide in AcOH contg. HCl at 15° as directed (1), or with 
SO9CI2 in AcOH (3), see indie, refs.; from 6-amino-2,4-dimethylphenol hydrochloride 
[BeU. XIII-630, XIIIi-(245)] via diazotization and use of CU2CI2 reaction (77% yield) see 
(2); for formn. of C from 2,4-dimethylquinol (m-xyloquinol) [Beil. VIII-22, VIIIi-(514)] 
by action of HCl (some of the isomeric 5-chloro-2,4-dimcthylphenol (3:2460) also being 
formed) see (2) (4).] 



Beil. VI - 489 
VIi-(241) 
VIr- 
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[For studies of bactericidal action of C see (3) <5).] 

The nitration of C has not been reported, and none of its mononitro- or dinitro-derivs. 
are known; for patent on sulfonation of O see <6). 

C in ale. soln. with FeCls gives olive-green color turning brown on htg. 

6-Chloro-2,4-dimethyliihenyl acetate: unreported. 

6-Chloro-2,4-dlmethylphenyl benzoate: oil (2). 

® 6-Chloro-2,4-dimethylphenyl ^-nitrobenzoate: m.p. 94-94.5® <2). [From C + p- 
nitrobenzoyl chloride in pyridine (2).] 

® 6-Chloro-2,4-dimethylphenyl W-phenylcarbamate: m.p. 129-130® (2). [From C + 
phenyl isocyanate at 150-200® (2).] 

8:8784 <1) Orton, King, J. Chem. Soc. 99, 1191 (1911). (2) Bamberger. Reber, Ber. 46, 793- 

796, 798-799 (1913). <3) Heicken, Angew. Chem. 52, 263-265 (1939). (4) Bamberger. Reber, 

Ber. 40, 2268 (1907). (5) Lockemann, Kunzmann, Angew. Chem. 46, 296-301 (1933). (6) 

Weiler, Better (to I.G.), Ger, 657,450, Aug. 24, 1931; Cent. 1932, II 2370-2371; [C.A. 27, 735 
(1938)1. 

3:8785 1-CHLORODECANE CH3.(CH2)8.CH2C1 C 10 H 21 CI Beil. I - 169 
(n-Decyl chloride) Ii — 

l2-{129) 

B.P. 223.0-223.6“ at 760 mm. (1) = 0.8850 (4) = 1.4400 (4) 

222-223° at 760 mm. (7) = 0.8696 (1) hjS = 1.43790(1) 

180-190“ at 720 mm. (2) 0.8683 (7) 1.43731 (7) 

130-140“ at 80 mm. (3) Df® = 0.8621 (6) ng ® = 1.4368 (6) 

122 “ at 60 mm. (2) 

137-142“ at 24 mm. (4) 

100.8-101.0“ at 12 mm. (5) 

106“ at 16 mm. (6) 

Colorless oil with characteristic odor (1). 

[For prepn. of C from decanol-1 (1:6275) with PCU in CCI4 see (1); with SOCI2 -f- 
pyridine (80% yield <5)) or SOCI2 without pyridine (91% yield (7)) see (5) (7); for prepn. 
from ?i-heptyl MgBr + 7-chloro-7i-propyl p-toluenesiilfonate sen (4).] 

C htd. at 100® with aq. Ba(OH)2 yields (2) decanol-1 (1:6275). 

C with Mg in dry ether contg. trace of I2 gives (96% yield in 9 hrs. (8)) RMgCJl. 

8:8785 (l) Komppa, Talvitie, J. prakt Chem. (2) 135, 196 (1932). (2) Schultz, Ber. 48, 3610-3611 

(1909). (3) Mabery, Am. Chem. J 19, 432 (1897). (4) Ros&ander, Marvel, J. Am. Chem. Soc. 

50, 1493-1494 (1928). (5) Kohlrausch, KdppI, Monateh. 63, 269 (1933). (6) Rothstein, Bull, 

soc. chim. (5) 2, 84 (1935). (7) Vogel, CAew. Soc. 1943, 638, 641. (8) Houben, Boedler, 

Fischer, Ber. 69, 1768, 1779 (1936). 
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3: 8787 HYDROCINNAMOYL CHLORIDE C 9 H 9 OCI BeU. IX - 511 

09-Phenylpropionyl chloride) ^ ^ CH 2 .CH 2 . 0=0 IXi-(199) 


B.P. 

226^ at 

154-155*^ at 
132“ at 

121 - 122 “ at 
133-136“ at 

122- 123“ at 
116-118‘ 
116“ 


76 1 

26 mm. 
22.6 mm. 
21 mm. 
20 mm. 
at 16-17 mm. 
at 16 ] 


Cl 


760 mm. dec. (1) 

< 2 ) 

(3) 

(4) 
<23) 
(25) 

(5) 

( 6 ) 


B.P. (c&rUd.) 

112 “ at 16 mm. 

113.6-114“ at 13.6-14.6 mm. 


117-119“ 

116-116“ 

107“ 

105“ 

107.6“ 


at 

at 

at 

at 

at 


13 mm. 
11-12 mm. 
11-12 mm. 
10 mm. 


Di\ = 1.136 (3) 

(7) 

( 8 ) 

(9) (10) 

( 11 ) 

( 12 ) 

(13) 


9 mm. (14) 


Colorless liq. with disagreeable odor; not solid even at —60® (3). 

(For prepn. of C from hydrocinnamic acid (1:0615) with PCIb (36% yield (8)) (15), with 
PCIb in CHCI 3 (yield: 95% ( 2 ), 90% ( 8 ), 75% (7)) (3), with PCI 3 in CeHg (10), with SOCI 2 
(yield: 100% (13) (4) (23), 88% (8), 85% (5)) (16) (17), or with oxalyl dichloride (3:5060) 
(98% yield (6)) see indie, refs.] 

C with AICI 3 in pet. ether ^yield: 95% (13), 90% (18) (19)) (2) (20) (21) or C with AICI 3 
in CS 2 (84.3% yield (25)) or C with FeCU in CS 2 (15) yields by ring closure and loss of HCl 
o-hydrindone (indanone-1) (1 :5144), m.p. 42®. 

[C with Br 2 at 65-70“ gives (74% yield (5)) ot-bromo-hydrocinnamoyl chloride, b.p. 
132-133“ at 12 mm. (22), 113-115“ at 5 mm., = 1.5538, nf? = 1.5768 (5) (amide, m.p. 
126^127“ (5)).] 

[C with NaNs in toluene yields (23) /3-phenylethyl isocyanate, b.p. 112-114® at 15 mm. 
(23); G with diazomethane in ether gives the corresp. diazo-ketone which according to 
treatment gives either (11) /3-phenylethyl chloromethyl ketone (l-chloro-4-phenylbutanone- 
2) [Beil. VIIi-(168)], ndls. from CeHe, m.p. 84-85“ (11), or (60% yield (24)> y-phenyl-n- 
but3Tic acid, cryst. from It. pet., m.p. 49-50“ (24).] 

C on hydrolysis yields hydrocinnamic acid (1:0615), m.p. 48.7“; for the amide, anilide, 
p-toluidide, and other derivs. corresp. to C sec hydrocinnamic acid (1:0615). 

3:8787 (l) Freundler, Bull, aoc, ch%m. (3) 13, 834 (1895). (2) Kipping, J. Chem. Soc. 65, 484- 

486 (1894). (3) Taverne, Bee. trav. chim. 16, 39-40 (Note) (1897). (4) Ingold, Thorpe, J. 

Chem. Soc. 116, 149-150 (1919). (5) Shriner, Damscliroder, J. Am. Chem. Soc. 60, 895 (1938). 

(6) Adams, Ulich, J. Am. Chem. Soc. 43, 604 (1920). (7) Freudenberg, Markert, Ber. 68, 1759 

(1925). (8) Mohr, J. prakt. Chem. (2) 71, 322-324 (1905). (9) Hughes, Ber. 36, Referate, 747 

(1892). (10) Rape, Ann. 368, 319-320 (1909). 

(11) Clibbens, Nierenstein, J. Chem. Soc. 107, 1493 (1907). (12) Bergs, Ber. 67, 1621 (1934). 
( 13 ) Thiele, Wanscheidt, Ann. 376, ,271—272 (1910). (14) Schlenk, Bergmann, Ann. 463, 50 
(1928). (15) Wedekind, Ann. 363, 255-256 (1902). (16) Haworth, Perkin, Pink, J. Chem. 
Soc. 137, 1714 (1925). (17) Klarmann, J. Am. Chem. Soc. 48, 2363 (1926). (18) Ingold, Piggott, 

J. Chem. Soc. 133, 1483 (1923). (19) Amagat, Bull. soc. chim. (4) 41, 940-943 (1927). (20) 

Haller, Bauer, Ann. chim. (9) 36, 341 (1921). 

(21) Ramart, Amagat, Ann. chim. (10) 8, 320-321 (1927). (22) Fischer, Ber. 37, 3065 (1904). 
(23) Forster, StOtter, J. Chem. Soc. 90, 1338 (1911). (24) Litvap, Robinson, J. Chem. Soc. 

1838, 1999. (25) Levin, Graham, KoUoff, J. Org. Chem. 8, 384 (1944). 
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3:8790 


8-CHLORO-3-METHyLPHENOL OH CrH^Oa 

(r 

BJ>. 335* M.P. 86* 

See 3 : 2280. Dwieion A: Solide. 


Bea.VI-359 

VIi- 

Vb- 


3:8790 PHEHOXyACETYL CHLORIDE CsHtOsCI BeU.VI-163 

V-O— CHs— C=0 89) 

^ ^ ^ VI»-(168) 

B.P. 335-336* (1) 

168-170° at 60 mm. (2) 

165° at 60 mm. (1) 

111* at 13 mm. (3) 

109* at 9 mm. (4) 

[For prepn. of C from phenoxyacetic acid (1:0680) with PCls (1) (4) (yield: 80% (2), 
75% (3», with PCI3 (45% yield (3)), with SOCI2 (100% yield (3)), or with phosgene -f 
a nitrogen base or its salts (5) see indie, refs.) 

C htd. with alk. phenoxyacetate + POCI3 in toluene yields (6) phenoxyacetic anhydride, 
ndls. from ether, m.p. 67-69® (6). 

[C with MeOH yields methyl phenoxyacetate (1:4021), b.p. 245°; C with EtOH yields 
ethyl phenoxyacetate (1:4106), b.p. 251°; for reactn. of C with higher ales, in prepn. of 
corresp. esters for use as textile assistants, e.g., n dodecyl phenoxyacetate, m.p. 31° (7), 
n-tetradecyl phenoxyacetate, m.p. 39° <7), n-hexadecyl phenoxyacetate, m.p. 47° (7) (8), 
n-octadecyl phenoxyacetate, m.p. 55° (7), see indie, refs.; C with phenol yields (1) phenyl 
phenoxyacetate, m.p. 59°.] 

[C with AICI3 4- Celle undergoes Friedel-Crafts reactn. yielding (1) (2) (9) mainly (9) 
phenoxymethyl phenyl ketone (w-phenoxyacetophenone) (Beil. VIII-91], m.p. 72° (2) 
(not volatile with steam (2) <9)), together with a small proportion (15% (9)) of ring- 
closure product, viz., coumaranone [Beil. XVII-118, XVIIi-(59)], m.p. 101-102° (volatile 
with steam).] 

[For reactn. of C with dimethyl sodio-malonate in CeHe see (10) (4); with K carbazole 
yielding iV’-(phenoxyacetyl)carbazole, m.p. 121-122°, see (11).] 

C on hydrolysis yields phenoxyacetic acid (1:0680), m.p. 98-99° (for the amide, anilide, 
and other derivatives corresp. to C see 1:0680). 

8:8790 (l) Vandevelde, BvXl. acad. roy. Bdg, (3) 85 , 223-237 (1898); Cent. 1898 , I 988. (2) 
Stoermer, Atenst&dt, Ber. 85 , 3561-3565 (1902). (3) Blaise, Picard, Ann. chim. (8) 26 , 274 

(1912). ( 4 ) Gabriel, Ber. 46 , 1346 (1913). (5) Soc. Chem. Ind. Basel, French 732,078, Sept. 

13, 1932; Cent. 1984 , I 287. (6) Schering (Chem. Fabrik. Aktien), Ger. 120,772, May 20, 1901; 
Cent. 1901 , I 1304. (7) Henkel et Cie, French 746,434, May 29, 1933; Cent. 1988 , II 1430. (8) 

I. R. Geigy, Swiss 165,401, 165,402, Jan. 16, 1934; Cent. 1984 , 1 3126. (9) Ramart-Lucas, Hoch, 
Butt. 8 OC. chim. (4) 51 , 837-838 (1932). (10) Pfeiffer, Willems, Ber. 62 , 1245 ('1929). 

( 11 ) Copisarow, J. Chem. Soc. 118, 818 (1918). 
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3-CHLORO-4-M£THirLPH£NOL OH C 7 H 7 OCI BeU.VI-402 



B.P. 228° at 760 mm. M.P. 55° 

See 3 ; 1025. Division A: Solids. 


3: 8795 4-ISOPROPYLBENZYX CHLORIDE 

(Cuminyl chloride; l-chloromethyl-4- 
isopropy Ibenzene ) 


C 10 H 13 CI BeU. V - 423 


(CH3)aCII<;^^ ^CHza 


Vi— 

Vj-(326) 


B.P. 

228° with part. dec. 
227-228° 

226-229° 

225-229° 

116-118° at 22 mm. 
110 ° cor. at 16 mm. 
108-109° at 14 mm. 
100° at 14 mm. 


F.P. 

(1) -29° < 8 ) 

( 2 ) 

(3) 

(4) 

(5) 

U) 

(6) 

(7) 


DJ* ® = 1.080 (1) ng ® = 1.683 <1) 


Liq. with odor and lachrymatory effect less than that of benzyl chloride (3:8535) but 
with irritating effect on skin (1). — C on boilg. (4) (espec. in presence of ZnCl 2 ) partially 
dec. with formn. of a hydrocarbon C 20 H 24 (probably 2,6-di-isopropyl-9,]0Kiihydroanthracene 
(Beil. V-654]), yel. pdr., m.p. 90° (4). 

[For prepn. of C from p-isopropylbenzene (cumene) (1:7440) with trioxymethylene 
(75% yield <1)) or formalin (75% yield (7)) + HCl -f ZnCl 2 see (1) (7); with chloromethyl 
methyl ether (3:7085) + SnCU see <8); from p-cymeme (1:7505) by direct chlorination 
see (4) (3) (9); from cuminyl ale. [Beil. Vl-543] with dry HCl <10) or const.-boilg. HCl 
(100% yield (2)) see (10) (2) (9).] 

C with Zn -f HCl reduces (10) to p-cymene (1 : 7507). — C on boilg. with aq. Pb(N 03)2 
soln. (7) or alk. Na 2 Cr 207 (12) yields p-isopropylbenzaldchyde (cuminaldehyde) (1:0234). 
— C with aq. alk. presumably (no record) yields cuminyl alcohol [Beil. VI-543] but with 
ale. KOH gives (4) ethyl cuminyl ether [Beil. VI-544], b.p. 227° (4). 

C with Mg in dry ether yields (9) cuminyl MgCl accompanied by some bicumyl (4,4^- 
diisopropyldibenzyl) [Beil. V-623], m.p, 58° (0); the R.MgCl with aq. gives (74% yield (1)) 
p-cymene (1:7505); the R.Mg.Cl upon treatment with O 2 gas gives (71-80% yield (9)) 
cuminyl alcohol [Beil. VI-543], b.p. 246° cor. (9), 140° at 20 mm. (9); the R.Mg.Cl with CO 2 
gives (73% yield (9)) after acidification p-isopropylphenylacetic acid (homocuminic ac.) 
[Beil. IX-561], m.p. 52°, b.p. 195° at 30 mm., 190° at 25 mm., Z>1® = 1.039, n\} = 1.522 (9). 
[The R.COOMgCl cpd. if treated with isopropyl MgCl gives mainly (11) p-wopropyl- 
malonic ac., m.p. 143.5° dec. (1).] 

8;8766 (l) Bert. Bull soc. chim. (4) 37, 1266-1268 (1925). (2) Norris, MuUiken, J. Am. Chem. 

Soc. 42, 2098 ri920). (3) Varma, Srinivasan, J. Indian Chem. Soc. 13, 191 nOS^). (4) Errera, 

Gazz. chim. ital. 14, 277-283 (1884). (5) Jones, J. Chem. Soc. 1938, 1416. (6) Baker, Nathan, 
J. Chem. Soc. 1935, 1844. (7) Blanc, BttU. soc. chim. (4) 33, 317 (1923). (8) Darzens, Levy, 
Compt. rend. 194, 2057 (1932). (9) Bert, Bull soc. chim. (4) 37, 1577-1583 (1925). (10) Paterno, 

Spiea, Gazz. chim. ital. 9, 397-398 (1879). 

(11) Ivanoff, Pchteitchny, BuU. soc. chim. (6) 1, 229 (1934). (12) Blanc, Ger. 347,683, Jan, 

23, 1922; Cent. 1922, II 1138. 
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3:8800-3:8803 


3:8800 n-DECANOYL CHLORIDE CH 3 .(CH 2 ) 8.0=0 C 10 H 19 OCI 
(n-Caprinyl chloride) 01 

B.P. 232.3** at 760 mm. ( 1 ) F.P. -34.6“ <1) 

120 “ at 20 mm. ( 2 ) 

114“ at 16 mm. (3) 

111-112“ at 14 mm. (4) 

104- 105“ at 9 mm. (5) 

105- 107“ at a-9 mm. ( 6 ) 

Oare must be taken not to confuse 0, the acid chloride of n-capric acid, with the cor- 
responding relatives of w-caprylic acid (Cg) and of n-caproic acid (Cg) ; for this reason the 
name n-decanoyl chloride is preferred. 

[For prepn. of 0 from n-decanoic acid (n-dccylic acid) (n-capric acid) (1:0585) with 
POIb <3), with PCI3 (70% yield (1)), with POOI3 (7), with oxalyl (di)chloride (3:5060) (5), 
or with SOCI2 (6) (94% yield <4)) see indie, refs.] 

[For use of C in prepn. of corresp. cellulose esters see (8) (9); for use in s3mtheses of various 
glycerides see (5) (6); for use in prepn. of dcrivs. of vanillylamine see (2) (10); for cat. 
hydrogenation to n-decylaldehyde (1:0222) see (11).] 

C on hydrolysis (or even slowly in moist air) yields n-decanoic acid (1 : 0585) q.v. (for 
the amide, anilide, p-toluidide, and other derivatives corresponding to C see 1:0585). 

3:8800 ( 1 ) Deffett, Bull. hoc. chim. Belg. 40 , 389-391 (1931). (2) Ford-Moore, Phillips, Rec. 
trav. chitn. 53 , 856 (1934). (3) Krafft, Koenig, Ber. 23 , 2385 (1890). (4) Fierz-David, Kuster, 

Helv. Chim. Acta 22 , 86-89 (1939). (5) Averill, Hoche, King, J. Am. Chem. Soc. 51 , 868 (1929). 

(6) Robinson, Roche, King, J. Am Chem. Soc. 54 , 705-710 (1932). (7) Grimm, Ann. 157 , 272- 

274 (1871). (8) Brit. 201,510, Sept 19, 1923; Cent. 1923 , IV 961. (9) Brit. 313,616, Aug. 8, 

1929; Cent. 1929 , II 2743. (10) Nelson, J. Am. Chem Soc. 42 , 2125 (1919). 

( 11 ) Escourrou, Bull. hoc. chim. (5) 6, 1180-1181 (1939). 

PHENYL CHLOROACETATE C^RjOzCl 

C1.CH2.CO.o( )> 

B.P. 230-236” M.P. 46" = 1.2202 

See 3 : 0565. Division A : Solids. 

4-CHLORO-3-METHYLPHENOL OH C 7 H 7 OCI Beil. VI -381 

VIi-(187) 
Vl2-(365) 


B.P. 336*» M.P. 67“ 

See 3 : 1535. Division A: Solids. 

3:8803 1-CHLOROUNDECANE CH 3 .(CH 2 ) 9 .CH 2 C 1 C 11 H 23 CI Beil. S.N. 10 
(n-Undecyl chloride; 

1-chlorohendecane ) 



Beil. VI - 163 
VIi-( 87) 
Vl2-(164) 


BeU. n- 366 

Hi- 

n2 — 


B.P. 240-241“ at 772 mm. ( 2 ) 
117“ at 16 mm. (1) 


= 0.8670 (1) ® = 1.4360 (1) 

Df = 0.8677 (2) = 1.44003 (2) 
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[For prepn. (80% yield (1)) from undecanoM (1:6890) + SOCI 2 H- pyridine see (1), or 
with SOCI 2 alone (89_% yield) see (2).) 

No other data on C are recorded. 

3:8803 (1) Rothstein, BuU, soc. chim. (6) 2, 84 (1935). (2) Vogel, J. Chem. Soc. 1943, 638, '641. 


3 : 8805 1,8-DICHLORO-OCTANE 

(Octamethylene dichloride) 

B.P. 240-242° <1) 


CsHieCla Beil. I- 160 


a a 

<!3Hs.CH2CH2.CHj.CHs.CHs.CHs.(!!H, 


Ii— 
la — 


[For formn. of C from octamethylenediamine [Beil. IV-271] with NOCl see (1); from 
1,8-diphenoxyoctane (see below) with fumg. HCl see (I).] 

C htd. with sodium phenolate yields (1) (2) 1,8-diphenoxyoctane [Beil. VI-148; VIi-(85)], 
colorless this., m.p. 83.5-84°, sol. in hot ale., in ether, or in CeHs; not volatile with steam. 
[This prod, splits with HCl to yield (1) C; writh HBr to yield (1) 1,8-dibromooctane [Beil. 
I-lWl, m.p. 15-16°, b.p. 270-272° si. dec., b.p. 150-161° at 20-25 mm. (1).] 

C refluxed with Nal in acetone for 4 hrs., solvent evaporated, ether-sol. portion of residual 
oil htd. for 4 hrs., with thiourea in isoamyl ale. gives (3) octamethylene 6w-(w,w'-isothiourea 
hydrochloride), m.p. 185-186° (3). 

3:8895 (1) Ssolonina, J. Russ. Phys.-Chem. Soc. 30, 620 , 623 ( 1898 ); Cent. 1899, I 26 . ( 2 ) 

Ssolonina, J. Russ. Phys.-Chem. Soc. 30, 822 , 824 ( 1898 ) ; Cent. 1899, 1 254 . ( 3 ) Kawai, Hosono, 
Shikinami, Yonechi, Set. Papers Inst. Phys. Chem. Research {Tokyo) 16, Nos. 306 - 309 , 9-16 
(1931); Cent. 1931, II 1694 ; C.A. 26, 5665 ( 1931 ). 


3:8810 1-CHLORODODECANE CH3.(CH2)io.CH2Cl CiaHzsCl 
(n-Dodecyl chloride; 
n-lauryl chloride) 


Beil. I — 

11- 

12- (133) 


B.P. 243-244° cor. (1) 

132-134° at 18 mm. (2) 
130° at 16 mm. (3) 
125-126° at 10 mm. (4) 
116.5° at 6 mm. (9) 


Df = 0.8673 (3) nf? = 1.4421 (3) 

= 0.8673 (9) riS = 1.44255 (9) 


[For prepn. (80% yield (3)) from dodecanol-1 (1 :5900) + SOCI 2 + p 3 nridine see (3); or 
with SCCla in absence of pyridine (84% yield) see <9).J 
C in ale. refluxed with thiourea for 4 days gives (5) ^S-n-dodecylisothiourea hydrochloride, 
m.p. 132-135° <5)._ 

[For reactn. of C with liq. NHa see (6) (7); with various amines see (7).] 

[For reactn. of C with KI see (1); for reactn. with Mg -f- ether see (2); for reaction of 
C with Li, Na, or K followed by CO 2 see (10).] 

C htd. with pyridine in s.t. at 110° for 15 hrs. yields (8) n-dodecylpyridinium chloride, 
cryst. from ale. + ether or from CaH^ as monohydrate, m.p. 92° (8). [This* quat. salt 
yields (8) on cat. hydrogenation iV-(n-dodecyl)piperidinium hydrochloride, m.p. 188-189° 
( 8 ).] 


— n-Dodecyl mercuric chloride (Ci 2 H 25 HgCl) : m.p. 114.0-114.5° (10). [Prepd. 
indirectly (10).] 

3:8810 (1) Conant, Hussey, J. Am. Chem. Soc. 47, 485 (1925). (2) Oldham, Ubbriohde, J. 
Chem. Soe. 1938, 204. (3) Rothstein, BttU. aoc. chim. (5) 2, 84 (1935). ( 4 ) Reed, Tartar, J. Am. 



1221 


3:8810-3:8820 


LIQUIDS WITH Df < 1.15 


Chem. Soe.'Si, S71 (1935). (6) Sprague, Johnson, J. Am. Ch«m. Soe. U, 1838-1839 (1937). 
(6) Wibaut, Heiermann, Wagtendonk, Rec. trav. chim. 67, 465-458 (1938). (7) Westphal, 
Jerchel, Ber. 78, 1004-1011 (1940). (8) Karrer, Kahnt, Epstein, Jaff6, Ishil, Hdv. Chim, Acta 
81, 233-234 (1938). <9) Vogel, /. Chem, Soc. 1943, 638, 641. (10) Meals, J. Org, Chem. 9, 

211-218 (1944). 


3 : 8830 7 -PHENOXY-n-PROPYL CHLORIDE C 9 H 11 OCI BeU. VI- 143 


(7-Cliloro-n-propyl phenyl ether) 


<( ^>-O.CH 2 .CH,.CHa.Cl 


B.P. M.P. 

245-255“ (1) 11.8-12“ (1) D?? = 1.1167 (4) 

238-240“ at 746 nun. (2> 

139° at 26 nun. (3) 


Colorless oil gradually turning yellowish in light. 

[For prepn. of C from 7-phenoxy-nr-propyl alcohol (trimethylene glycol monophenyl 
ether) [Beil. VI-147, VIi-(85)] with SOCI2 + pyridine (88% yield) see (3).] 

[For prepn. of C from l-bromo-3-chloropropane (trimethylene glycol chlorobromide) (5) 
with potassium phenolate (1) or with ale. sodium phenolate (yields: 68% (6) (4), 56% (2)) 
see indie, refs.; note that by this method some trimethylene glycol diphenyl ether (1,3- 
diphenoxypropane) (1 : 7170), m.p. 61®, b.p. 338-340® cor., may also be formed.] 

[C with diethyl sodiomalonate in usual way gives (yields: 77% (2), 56% (6), 65% (4)) 
diethyl (7-phenoxy-n-propyl)malonate [Beil. VI-168], b.p. 271® dec. at 140 mm. (4), 265- 
266® at 140 mm. (7), 216-219® at 20 mm. (6), m.p. 32® (7), 30® (4). — For analogous behavior 
of C with diethyl sodio-methylmalonate see (7).] 

[C with Na in ether undergoes a complex decomposition giving (8) cf. (7) sodium pheno- 
late, propylene, cyclopropane, hexamethylene glycol diphenyl ether, etc.] 

[For study of rate of reactn. of C with KI in acetone at 50® and at 60® see (3).] 

iV-( 7 -Phenoxypropyl)phthaliimde (phenyl 7 -(phthalimido)-n-propyl ether) [Beil. 

XXI-472]: ndls. from ale., m. p. 91® (9), 88® (10). [Not reported from C but obtd. in 
80% yield (10) from 7-phenoxy-n-propyl5romicfe with K phthalimide; also indirectly 

(9)1 

3:8820 (1) Henry, BuU. hoc. chim. (3) 16, 1224 (1896). (2) Gabriel, Ber. 36, 416-418 (1892). 
(3) Kirner, J. Am. Chem. Soc. 48, 2748-2749 (1926). (4) Granger, Ber. 38, 1198-1200 (1896). 
(5) Allen, Org. Syntheses, Coll. Vol. 1 (2nd ed.), 157, Note 2 (1941); (1st ed.), 150-151, Note 2 
(1932) ; 8, 53. Note 2 (1928). (6) Gtinther, Ber. 31, 2136-2137 (1898). (7) Funk, Ber. 36, 2569- 
2570 (1893). (8) Hamonet, Compt. rend. 136, 97 (1903); Bull. soc. chim. (3) 33, 535-536 (1906). 
( 9 ) Manske, J. Am. Chem. Soc. 61, 1203 (1929). (10) Lohmann, Ber. 34, 2633 (1891). 


4-CHLORO-3,6-DIMETHyLPHENOL OH CsHsOCl 



BeU. VI — 
VIi- 
Vl2-(463) 


B.P. 246® M.P. 116® 


See 3 : 3505. Division A: Solids. 
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3:8830 2-CHLORO^n-BUTYLPHENOL OH C 10 H 13 OCI . Beil. S.N. 530-a 



B.P. 247-248° at 760 mm. (1) <4) 

243-244° at 736 mm. (2) 

110-115° at 3 mm. (3) <4) 

[For prepn. of C from p-n-butylphenol (1:1771) by chlorination with CI2 (3), SO2CI2 
(4) (5); or CISO3H (5) see indie, refs.; for prepn. of C from o-chlorophenyl propionate by 
rearr. with AICI3 in nitrobenzene to n-propyl 3-chloro-4-hydroxyphenyl ketone and subse- 
quent reductn. to C see (4) (1).] 

[For studies of bactericidal characteristics of C see (1) (2) (6).] 

C with of-naphthoyl chloride (3 : 6930) yields <2) 4-n-butyl-2-chlorophenyl a-naphthoate, 
m.p. 44-46° (2). 

3:8830 (l) Klarmann, Shternov, Gates, J. Am. Chem. Soc. 66, 2576-2589 (1933). (2) Blicke, 
Stockhaus, J. Am. Pharm. At^soc. 22, 1090-1092 (1933), Cent. 1934, 1 1642, C.A. 28, 4839 (1934). 
(3) Klarmann (to Lehn & Fink Products Corp.), U.S. 2,010,595, Aug. 6, 1935, Cent. 1936, I 810; 
C.A. 29, 6608 (1935). (4) Klarmann (to Lehn & Fink Products Corp.), U.S. 2,139,550, Dec. 

6, 1938; Cent. 1939, 1 1807; C.A. 33, 2285 (1939). (5) Blicke (to Regents of Univ. of Michigan), 
U.S. 1,980,966, Nov. 13, 1934; Cent. 1935, 1 3312; C.A. 29, 476 (1935). (6) Klarmann, Shternov, 

Gates, J. Lab. Chn. Med. 20, 40-47 (1934). 

3:8860 /S-CHLOROETHYL BENZOATE O C9H9O2CI Beil. IX- 112 

<( OCHiCH2Cl 

B.P. S5d-257° at 762 nun. (1) 

26e-257° at 762 nun. (2) 

254r-255° at 749 nun. (3) 

138.8° at 18 nun. (1) 

125-130° at 14 nun. (4) 

120 - 122 ° at 6 nun. (5) 

118-120° at 2 nun. <6) 

Oil, insol. aq.; eas. sol. ale., ether. 

[For prepn. of C from ethylene chlorohydrin (3:5552) with BzCl (3:6240) on htg. 
(yields: 90% (1), 84.5% (6), 55% <2)) <5) see indie, refs.; from ethylene glycol (1:6465) 
with benzoic acid (1:0715) at 100° in pres, of HCl gas (7); from ethylene oxide (1:6105) 
with BzCl (3:6240) at 190° (8); from 1,4-dioxane (1:6400) with BzCl (3:6240) •+• TiCU 
(2 moles) at 150-180° for 10 hrs. (70% yield (9)); from ethylene -f BzOH (1:0715) -f 
CI2 + cat. as directed (10) see indie, refs.) 

[For formn. of C from /3-chloroethyl iminobenzoate on warming (3), from /3-chloroethyl 
p-toluenesulfonate with CeHsCOOMgBr (5% yield (11)), or from 6is-(^-chloroethyl) 
sulfate with NaOBz at 170° (61.5% yield (4)) see indie, refs.] 

C on htg. either alone or with SnCU at 180-200° for 25 hrs. gives (9) ethylene glycol 
dibenzoate, m.p. 73°. 

[C on a mononitration is claimed (1) to 3deld mainly jS-chloroethyl m-nitrobenzoate, but 
this alleged prod, is not described either in the article or elsewhere in the literature.] 

C with Nal (2 moles) in 90% ale. refluxed 6 hrs. gives (80% yield (1)) /3-iodoethyl benzo- 
ate, b.p. 161-163° at 17 mm. (1). 
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3:8860-3:8880 


C with 8cc.-amines splits out HCl yielding the corresp. /3-dialkylaminoethyl benzoate 
hydrochlorides [e.g., for reactn. of C with AT-methylbenzylamine, W-methyL/J-phenyl- 
ethylamine, W-methyl-7-phenylpropylaniine, and JV-methyl-6-phenylbutylamine see (12); 
with 4-methylpiperidine, 2-(/3-phenylethyl)pipcridine, and 4-(^-phenylethyl)piperidine 
see (13); with tetrahydroquinoline, tetrahydroisoquinoline, and cis- and irarw-decahydro- 
quinoline see (14)]. 

[C (1 mole) with iV,iV'-diphenylthiourea (thiocarbanilide) directly or in xylene at 130- 
150^ for several hrs. gives a mixt. contg. W,W'-diphenylurea, phenylisothiocyanate, benzani- 
lide, benzoic acid, and 2,3-diphenylthiazolidine, m.p. ISO'" (15).] 

3:8860 (1> Zaki, J. Chem. Soc. 1930, 2271-2272. (2) Jones, Major, J. Am. Chem. Soc. 40, 1535- 
1536 (1927). (3) Gabriel, Heumann, Ber. 25, 2384 (1892). (4) Suter, Evans, J. Am. Chem. 
Soc. 60, 537 (1938). (5) Lynn, Lofgren, J. Am. Pkarm. Assoc. 14, 970-972 (1925). (6) Kirner, 
J. Am. Chem. Soc. 48, 2751 (1926). (7) Simpson, Ann. 113, 120-121 (1860). (8) Altwegg, 
Landrivon (to Soc. Chim. Usines du Rhone), U.S. 1,393,191, Oct. 11, 1P21; Cent. 1922, IV 947; 
C.A. 16, 422 (1922). (9) Goldfarb, Smorgonskii, J. Gen. Chem. (U.S S.R.) 8, 1516-1522 (1938); 

Cent. 1939, II 4233, C.A. 33, 4593 (1939). (10) I.G., Brit. 460,720, March 4, 1937; Cent. 1937, 
I 4021; C.A. 31, 4675 (1937). 

(11) Gilman, Beaber, J. Am. Chem. Soc. 45, 842 (1923). (12) Cope, McElvain, J. Am. Chem. 
See. 53, 1589-1590 (1931). (13) Bailey, McElvain, J. Am. Chem. Soc. 52, 1637-1638 (1930). 
(14) Bailey, McElvain, J. Am. Chem. Soc. 52, 4013-4017 (1930). (15) 01m, Dains, J. Am. Chem. 
Soc. 52, 3325 (1930). 


4-CHLORORESORCINOL 


OH CsHACl BeU. S.N. 664 



B.P. 269-260° M.P. 105° 

See 3 : 3100. Division A : Solids. 


3:8880 1,9-DICHLORONONANE 

Cl 


C9H18CI2 

Cl 




Hj.CH,.CH 2.CH2.CH2.CH2.CH2.CH2CH, 


:2(!)i 


BeU. 1-166 
Ii-( 63) 
Ir- 


B.P. 358-262° dec. (1) 

138-139° at 17 mm. (2) 

Colorless liq. with agreeable odor; volatile with steam (1). 

(P’or formn. of C from 1,9-diaminononane (enneamethylenediamine) [Beil. IV-272] with 
NOCl (1), or from N,N' (6is-benzoylamino)nonane [Beil. IX-264, IXi- (119)1 with PCI5 
(00% yield (2)), or from 1,9-diphenoxynonane (Beil. VH48] with HCl (1) see indie, refs.] 
C on htg. with sodium phenolate in ale. yields (1) 1,9-diphenoxynonane, white Ifts., 
m.p. 62°, sol. in ale., ether, or CflHe but not volatile with steam. [By loss of HCl during 
this etherification there is also formed a phenoxynonene (no constants) which is volatile 
with steam (1).] 

3:8880 (l) Ssolonina, J. Russ. Phys.-Chem. Soc. 30, 606-632 (1898); Cent. 1809, 1 26. (2) von 
Braun, Danziger, Ber. 45, 1972 (1912). 
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^METHnJ>HENACYL CHLORIDE CaHgOa B^Vn-309 

CHs<^^^CO.CHsa Vni-(165) 

BJ>. 260-263“ M.P. 57-68“ 

iSee 3 : 1 130. Division A : Solids. 


2.CHL0R0Hn)R0QUIN0NE OH C 6 H 6 O 2 CI BeU. VI - 849 

VIi.(417) 
VI 2 (844) 


B.P. 263® M.P. 106® 

3 : 31 30. Division A : Solids. 



2-CHLOROBIPHENYL 

B.P. 274® at 738 mm. M.P. 34® 

See 3 : 0300. Division A : Solids. 



C12H9CI 


BeU. V . 579 
Vi-(272) 
V2-(483) 


3:8940 3<CHLOROBIPH£NYL 
(3-Chloroxenene (1)) 




C12H9CI 


B.P. 284r-285® (2) (6) M.P. +16® (4) 

150-160® at 6 mm. (3) 

87® at 0.16 mm. (4) 


BeU. V - 579 
Vi- 
V2-(483) 


Pale yel. oil. — By eoln. in 2 vols. 96% ale., cooling to - 18®, and scratching, C has been 
obtd. in colorless cryst. from. (4). 

[For prepn. (27% 3rield (2), 16% yield (4), 13-25% yield (3)) from diazotized m-chloro- 
aniline + CeHe see (3) (4) {2).] 

C on oxidn. with CrOa in AcOH + V2O6 yields (5) m-chlorobenzoic acid (3:4392), 
m.p. 154®. 

C on nitration (no details (6)) gives a dinitro compd., 3-chloro-4,4'-dinitrobiphenyl, 
wooly flocks from ale., m.p. 202-203® (6) (9). [No other dinitro-3-chlorobiphenyls are 
recorded; of the possible mononitro-3-chlorobiphenyls only two (both prepd. indirectly) 
are known, viz., 4-nitro-3-chlorobiphenyl, m.p. 78.5-79.5® (7), and 3'-nitro-3-chlorobi- 
phenyl, m.p. 101® <8).] 

3:8840 (1) Hale, J. Am. Chem. Soc. 54, 4468-4459 (1932). (2), Gomberg, Bachmann, J. Am. 
Chem. Soc. 46, 2343 (1924) . (3) Elks, Haworth, Hey, J. Chem. Soc. 1840, 1285. (4) Weissberger, 
S8,ngewald, Z. physik. Chem. 1^20, 154 (1933). (5) Bellavita, Gazz. chim. ital. 05, 639 (1935). 
(6) MasoarelU, Gatti, Gazz. chim. ital. 63, 660 (1933). (7) Schoepfle, Truesdale, J. Am. Chem. 
Soc. 58, 376 (1937). (8) MascareUi, Gatti, AUi accad. sci. Torino, 05, 143-147; Cerd. 1830, II 
1861. (9) Case. J. Am. Chem. Soc. 07, 116, 118 (1945). 
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l-(CHLOROMETHn.)NAPHTHALENB 


B.P.291-292° M.P. 32* 

See 3 : 0250 . Division A: Solids. 



CH2a 


CiiHsQ Beil. V- 566 
Vi- 
V2-(461) 


— 4.CHLOROBIPHENYL Ci 2 H 9 a 

B.P. 391® at 745 mm. M.P. 77® 

See 3 : 1912 . Division A: Solids. 


Bell. V - 579 
Vi~ 
V2-(483) 


4-CHLOROPHTHALIC ANHYDRIDE O CgHaOaCl 



h 


B.P. 394.5® cor. at 720 mm. M.P. 98® 

3 : 2725 . Division A: Solids. 


Beil. XVn - 483 
XVni-(353) 


8-CHLORONAPHTHOL-2 Cl 



C 10 H 7 OCI Beil. VI - 649 
VIi- 
Vl2-(604) 


B.P. 307-308® M.P. 101 ® 

See 3 : 2965 . Division A: Solids. 


6-CHLORO-2-PHENYLPHENOL C 12 H 9 OCI BeU. S.N. 539 



B.P. 313® at 746 mm. M.P. 71-73’ 

See 3 : 1757 . Division A: Solids. 
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3:8980 4-CHLORO-2-PHENYLPHENOL C] 2 H 90 C 1 BeU. S.N. 539 

(6-Chloro-2-hydroxybiphenyl ) 


B.P. 319^ at 746 mm. <1) 

178° at 16 mm. (1) 

160-171° at 10 mm. (2) 

128-130° at 2 mm. (3) 

[See also 6-^hloro-2~phenylphenol (3:1757).] 

Important Note: Through the year 1944 (and perhaps in some cases beyond) the chloro- 
phenyl-phenol of m.p. -f 11° (C) was regarded as having the structure 6-chloro-2-phenyl- 
phenoi ~ 3-chloro-2-hydroxybiphenyl. In 1945, however, this view was corrected by 
the paper of Weissberger and Salminen <3); in this text, therefore, expression of the facts 
is reported in the light of their paper. Particular care is, therefore, required in consulting 
references prior to it since such material is universally expressed in the reverse sense of the 
present view. 

[For prepn. of C from 2-hydroxybiphenyl (1 ; 1440) with CI 2 (note that 6-chloro-2-phenyl- 
phenol (3:1757) is also formed) see (1) (4) (3), for prepn. of C from 5-amino-2-hydroxy- 
biphenyl (5) by diazotization and use of CU 2 CI 2 reaction (27% yield (3)) see indie, refs.] 

C is sol. in aq. 25% NaOH at 60° but on cooling sops. NaA.4H20, m.p. 84-85° (1); 
anhydrous NaA, m.p. 280° (1) (4) (for use in sepn. of C from the isomeric 6-chloro-2- 
phenylphenol (3:1757) see (1)). [For formn. of NaA in org. solvents such as MeOH, 
ether, or toluene see (8).] 

The calcium salt of C is more sol. in aq, than the corresp. deriv. of the isomeric 6-chloro- 
2-phenylphenol (3:1757) (use in sepn. (2)). 

C on mononitration with HNO 3 in AcOH at 15-20° as directed gives (48% yield (3)) 
5-chloro-2-hydroxy-3-nitrobiphenyl, yellow ndls., m.p. 57-58° (3). 

[C on condensation with formaldehyde -|- morpholine yields (6) a prod. m.p. 125-126° 

« 6 ).] 

4-Chloro-2-phenylphenyl benzoate: m.p. 86-87° (7). [Note that this prod, does 

not distinguish C from the isomeric 6-chloro-2-phenylphenol (3:1757) whose benzoate 
has m.p. 88.5°.] 

3:8080 <1) Britton, Bryner (to Dow Chem. Co.), U.S. 1,921,727, Aug. 8, 1933; Cent. 1934, I 
128-129; C.A. 27, 5086 a933); Brit. 396,251, Aug. 24, 1933; Cent. 1934, I 128-129; C.A. 28, 578 
(1934). (2) Rittler, Heller (to Chem. Fabrik von Heyden), Ger. 615,133, June 27, 1935; Cent. 

1936, I 884; C.A. 29, 6247 (1935). (3) Weissberger, Salminen, J. Am. Chem. Soc. 67, 58-60 

(1945). (4) Britton, Bryner (to Dow Chem. Co.), U.S. 1,969,963, Aug 14, 1934; C.A. 28, 6160 

(1934). (5) Vorozhtsov, Troshchenko. J. Gen. Chem. (U.S.S.li ) 8, 431-437 (1938) ; Cent. 1940, 

II 2152; C.A. 32, 7907 (1938). (6) Bruson (to ROhm and Haas Co.), U.S. 2,040,039, May 5, 

1936; Cent. 1936, II 1386-1387; C.A. 30, 4177 (1936). (7) Harris, Christiansen, J. Am. Pharm. 

Assoc. 24, 553-557 (1935). <8) Mills (to Dow Chem. Co.), U.S. 1,955,080, April 17, 1934; Cent. 

1934, II 1991; C.A. 28, 3743 (1934). 



M.P. +11° (1) (4) 
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LIQUIDS WITH < 1.16 


a-CHLOROBENZOPHEHONE 


CuH«Oa Bell. VH - 419 

vni-(**7) 



B.P. 330“ cor. M.P. 45-46“ 

See 3 : 0715 . Division A : Solids. 

4-CHLOROBENZOPHENONE C 13 H 9 OCI BeU. VH - 419 

I I Vni-(297; 



B.P. 332° at 771 mm. M.P. 77-78° 

See 3 : 1914 . Division A: Solids, 



CHAPTER XX 


DIVISION C. LIQUIDS WITH BOILING POINTS REPORTED ONLY 
UNDER REDUCED PRESSURE 


3:9000-3:9299 (Cs-Cs inclusive) 


(Arranged in sequence of empirical formulas) 


3:9030 MALONYL DICHLORIDE 


0==C — CH2 — C=0 C3H202d2 


BeU. n - 582 
ni-(252) 
n2-(529) 


B.P. 58° at 27 mm. (1) <2) (3) 
58^ at 26 mm. (4) 

53.6** at 22 mm. (5) 
53-54® at 19 mm. (4) 

55® at 16 mm. (6) 

47® at 16 mm. <7) 

47** at 13 mm. <4) 


® = 1.4505 <4) 

Bf = 1.4500 (5) 
1.450 (4) 

Bi** = 1.4486 <4> 


n??* = 1.45973 (4) 

ng = 1.4639 (6) 

= 1.46205 (4) 


Colorless liq. turning dark red on stdg. (6). 

[For prepn. of C from malonic acid (1:0480) with SOCI2 (yield 70% (8), 60% (6), 50% 
(9)) <1) (2) or with PCls (yield: 68% (3), 36% <7)) see indie, refs.; for formn. of C from 
carbon suboxide with dry HCl gas see (10) ; for mfg. of C from methylene dichloride (3 : 6020) 
with CO, COS, or COCI2 (3:5000) + cat. at 700® see (11).] 

[C in ether or EtOAc with Ag20, PbO, ZnO, etc., 3rields (8) carbon suboxide, b.p. +7®; 
C treated at 0® with dry HBr gas yields (12) malonyl dibromide, b.p. 65-57® at 11 mm. (12); 
C on cat. hydrogenation as specified (13) yields a condensation prod., m.p. 83®, of formyl- 
glutaconic acid.] 

[C with acetone + CaCOj yields (14) mainly CH3.CO.CH2.CO.CH2.CO.Cl [Beil. IIIi- 
(263)] d- a little phloroglucinol (1 : 1620) (the acid chloride itself, however, is quant, conv. 
to phloroglucinol by further htg. with CaCOa).] 

[C with AICI3 + CeHfi yields (1) dibenzoylmethane (1:1480), m.p. 78®; for reactn. of 
C with AICI3 + naphthalene (1:7200) yielding (16) (16) pen-naphthindandione (1,8- 
malonylnaphthalene) [Beil. VIIi-(391)] see indie, refs.; for reactn. of C with acenaphthene 
(1:7225) yielding (15) (17) pm-acenaphtheneindandione (5,6-malonylacenaphthene) 
which on oxidn. gives (17) (18) naphthalene-1, 4,5,8-tetracarboxylic acid [Beil. IX-1C02, 
IXi-(437)] see indie, refs.] 

C with 4 molra phenylhydrazine yields (2) malon-6z«-(i3-phenylhydrazide) [Beil. XV-272], 
m.p. 184® (2); C with 2 moles ethyl carbamate (urethane) in CeH® refluxed until HCl is no 
longer evolved gives (85% yield (19); malonyl-diurethane, cryst. from ale., m.p. 124® (19). 

C on hydrolysis with aq. yields malonic acid (1 : 0480). [Note that the half acid chloride 
of malonic acid has m.p. 65® dec. (20).] — For the amide, anilide, p-toluidide, and other 
derivB. corresp. to C see malonic acid (1:0480). 

1228 



1229 LIQUIDS (WITH B.P. REPTD. AT RED. PRESS.) 3:9030^:9032 


3:9030 <1) Auger, Ann. ehim. (6) 23, 347-360 (1891). (2) Asher, Ber. 30, 1023-1024 (1897). 
(3) Clark, Bell. Trans. Roy. Soc. Can. (3), 27, III 97-107 (1933). <4) von Auwers, Schmidt, Ber. 

46, 477-478 (1913). (5) Martin, Partington, J. Ckem. Soc. 1936, 1181. (6) McMaster, Ahmann, 

/. Am. Chem. Soc. 60, 146 (1928). (7) Black. Shaw, Walker, J. Chem. Soc. 1931, 276. (8) 
Staudinger, Bereza, Ber. 41, 4463-4465 (1908). <9) Nightingale. Alexander, J. Am. Chem. Soc. 
68, 794-796 (1936). (10) Diels, Wolf, Ber. 39, 696 (1906). 

(11) Wiezevich, Frolich (to Standard Oil Development Co.), U.S. 2,062,344, Dec. 1, 1936; 
Cent. 1987, I 4863; C.A. 31, 708 (1937). (12) Fleischer, Hittle, Wolff, Ber. 53, 1848 (1920). 

(13) FrOschl, Maier, Monatsh. 69, 261, 269—270 (19.32). (14) Komninos, Compt. rend. 167, 781 

(1918) ; Bull. soc. chim. (4) 28, 452-455 (1918). (15) Fleischer, Retze, Ber. 66, 3282, 3285 (1922). 

(16) Badische Anilin und Soda Fabrik, Ger. 283,365, Apr. 10, 1915; Cent. 1915, I 965. (17) 

Eckert (to I.G.), Ger. 439,511, Jan. 14, 1927; CerU. 1927, 1 1527. (18) Eckert (to Grasselli Dye- 

stuffs Corp.), U.S. 1,612,103, Dec. 28, 1926; Cent. 1927, 1 1527, C.A 21, 593 (1927). (19) Baster- 
field. Woods, Whelen, J. Am. Chem. Soc. 49, 2945 (1927). (20) Staudinger, Ott, Ber. 41, 2211- 

2212 (1908). 

3:9031 a-CHLOROACROLEIN CH2=C— CHO C3H3OCI BeU. I — 

(2-Chloropropen-2-al-l ) I Ii — 

l2-(785) 

B.P. 40“ at 30 mm. (1) Z)i® = 1.109 <2> (3) n?? = 1.463 {2) (3) 

39-40° at 30 mm. (2) D'J = 1.806 (3) 

29-31° at 17 mm. (3) if- = 1.378 (3> 

Colorless strongly lachrymatory liq. with pronounced irritating effect on mucous mem- 
branes. 

[For prepn. of C from acrolein (1:0115) in aq. with CI2 (50% yield (2)) or from a,/3- 
dicliloropropionaldehyde (3:9034) by loss of 1 HCl with hot aq. NaOAc (27% 3deld (3)) 
(1) see indie, refs.] 

C readily polymerizes. 

[C in CCI4 with CI2 in cold adds 1 mole halogen giving (2) of,a,/3-trichloropropionaldehyde 
(3: 9033). 1 

[C in dry ether with Br2 in cold adds 1 mole halogen giving (2) a-chloro-a,i8-dibromo- 
propionaldehyde, b.p. 105® at 55 mm., /)?? = 2.17, wU = 1.548.] 

[For conversion of C with EtOH to a-chloroacrolein diethylacctal, b.p. 158-160®, see (4).] 

8:9031 (1) Muskat, Becker, J. Am. Chem. Soc. 62, 816-817 (1930). (2) Berlande, Bull. soc. 

chim. (4) 37, 1392-1393 (1925). (3) Moureu, Robm, Boisemeiiu, Ann. chim. (9) 16, 210-211 

(1921). (4) The Distillers Co., Ltd., Staudinger, Tuerck, Lichtenstein. Brit. 554:, B70, July 9, 

1943; C.A. 39, 312 (1945), 

3:9082 </,/-a,/3-DICHLOROPROPIONYL CHLORIDE C3H3OCI3 BeU. S.N. 163 

CHz— CH— C=0 

ii ii ii 

B.P. 63-64° at 16 mm. (1) = 1.4767 (2> ng = 1.47640 (2) 

43-44° at 10 mm. (2) 

[For prepn. of C from a,/3-dichloropropionic acid (3:0855) with SOCI2 see (1) (2); for 
formn. of C from glyceric acid (a,/3-dihydroxypropionic acid) with PCle see (4) (3) (5).] 

[C with alcohols yields alkyl a,j3-<lichloropropionates; e.g., cf, (1) (2) (3).] 

C on hydrolysis yields a,/3-^chloropropionic acid (3:0855) q.v. 

3:9082 (1) Marvel, Dec, Cooke, Cowan, J. Am. Chem. Soc. 62, 3495-3498 (1940). (2) Leimu, 

Ber. 76, 1046, 1050 (1937). (3) Werigo, Werner, Ann. 176, 163-167 (1874). (4) Werigo, Oku- 

Utch, Ann. 167, 49 (1873). (5) Wichelhaus, Ann. 136, 263 (1865); 143, 3 (1867). 
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3:9033-A /5,/3.DICHLOROPROPIONyL CHLORIDE CsHsOCls Beil. S.N. 163 

CI2CHCH2— 0=0 

ii 

B.P. 43-44** at 10 mm. (1) Df = 1.4557 (1) nf? = 1.47378 <1) 

[For prepn. of C from j8,/3-dichloropropionic acid (3:1058) with SOCI2 at 75-80® for 3-4 
hrs. see (I),] 

[For study of rate of reaction of C in dioxanc with /3-chloroethanol (3:5552) see <!).] 

C on hydrolysis with aq. gives /3,/3-dichloropropionic acid (3:1058). 

3:9032-A <l) Leimu, Ber. 70, 1046, 1050 (1937). 


3 : 9033 a,a,^-TRICHLOROPROPIONALDEHYDE C3H3OCI3 
(2,2,3-Trichloropropanal-l) O 

CII2— C— CHO 

ii i. 

B.P. 63-66° at 46 mm. (1) Z)'i® = 1.470 (2) 

63® at 42-46 mm. (2) 

[For prepn. of C from «-chloroacrolein (3:9031) with CI2 in CCI4 soln. (2), or for formn. 
of C from fl-03'-chl()r()vinyl)acrylic acid dichloride (4,4,5-trichloropenten-2-oic acid-1) 
with ozone (1) see indie, refs.] 

C on oxidn. with fumg. HNO3 gives (2) (1) a,a,/8-trichloropropionic acid (3:1275). 

3:9033 (1) Muskat, Hecker, J. Am. Chem. Soc. 62, 817-818 (1930). (2) Berlande, Bull. aoc. 

chim. (4) 37, 1392 (1925). 


Beil. I — 

11- 

1 2 - ( 691 ) 


nf? = 1.473 (2) 


3;9033-A a,a-DICHLOROPROPIONALDEHYDE Cl C3H4OCI2 

(2,2-Dichloropropanal-l ) I 

C H3 — C — CHO 

The physical constants of authentic pure C are unreported. 

Note, however, that from w-propyl ale. (1 : 6150) by the action of CI2 there has been 
prepd. (1) a prod., m.p. 111-112° u.c., which is regarded (on very meager evidence) as a 
pol3mier of C. 

No further data on C or its relatives can be found in the literature althougli the isomeric 
a,/3-dichloropropionaldehyde (acrolein dichloride) (3:9034) is well known. 

3:9033-A (1) Spring, Tart, Bull. soc. chim. (3) 3, 402-405 (1890). 

8:9034 rf,/-a,/ 3 -DICHLOROPROPIONALDEHYDE C3H4OCI2 Beil. I - 632 
(2,3-Dichloropropanal-l, CH2.CH— CHO Ii— 

acrolein dichloride) l2-(691) 

Di® = 1.400 (1) 


Beil. 1-632 

11— 

12 — 


B.P. 73® at 60 mm. (1) (2) 
69® at 31 mm. (1) 

48® at 14 mm. <1) 


ug* = 1.476» (1) 



1231 LIQUIDS (WITH B.P. REPTD. AT RED. PRESS.) 3:9034-3:9037 


Colorless mobile liq. with strong odor suggesting chloral. 

[For prepn. of C from acrolein (1:0115) with CI 2 iq CCI 4 soln. in cold (74% yield ( 1 )) 
cf. (3); for formn. of C (together with oxalic acid) from 4,5-dichloropenten-2-oic acid 
(vinylacrylic acid dichloride) with ozone see ( 2 ).) 

C with aq. forms a white solid (presumably a hydrate) but not further characterized 
(3)(1). 

C with abs. EtOH evolves heat and yields a prod, which analyzes correctly for the ex- 
pected ethyl alcoholate but has been little studied <3). 

C does not (3) combine with aq. NaHSOj. 

[C with aq. NaOAc on htg. loses HCl giving (27% yield ( 1 )) (2) 2-chloropropen-2-al-l 
(tt'Chloroacrolein ) (3 : 9031 ) .] 

[C with MeOH refluxed 6 hrs. gives (4) «,/3-dichloropropionaldehyde dimethylacetal, 
b.p. 78-82° at 13 mm., Dj* = 1.182, n}> = 1.144 (4); note, however, that C with MeOH/ 
NaOMc not only acetalizes but also loses 1 HCl giving (46% yield (4)) a-chloroacrolein 
dimethylacetal, b.p. 28° at 12 mm., D 4 ® ® = 1.081, ni?® = 1.4305 (4).] 

[For reactn. of C with BrMgC^CMgBr yielding 4,5-dichloropentyn-l-ol-3, b.p. 90-91° 
at 12 mm., Df = 1.306, ng = 1.500 (5), see (5) ( 6 ).] 

3:9034 (1) Moureu, Robin, Boismenu, Ann. chitn. (9) 15, 209-211 (1921). (2) Muskat, Becker, 

J. Am. Chem. Soc 52, 816-817 (1930). (3) Aronstein, Ann Suppl 3, 190-192 (1864/6). (4) 

Naftali, BuU. soc. chim. (5) 4, 337 (1937). (5) Lespieau, Bnll soc. chim. (4) 43, 657-658 (1928). 

(6) Lespieau, Compt. rend. 179, 1606-1607 (1924), 203, 145 (1936). 

3:9036 l,l,l,3-TETRACHLOROPROPANOL-2 C3H4OCI4 Beil. I — 

(/3,^,/3,^'-Tetrachloroisopropyl alcohol) CH2 — C— -CCU Ii — 

i ,! 

B.P. 95-96° at 17 mm. (1) = 1.610 (2) = 1.51453 (2) 

87-89° at 14 mm. (2) 

Liq. with odor suggesting iodoform. 

[For prepn. of C from l,l,l,3-tetrachloropropanone-2 (wTisi/m.-tetrachloroacetone) 
(3:6085) by reduction with Al(OKt )3 or Mg(OEt )2 or EtOMgCl see ( 2 ); from 3,3,3- 
tnchloro-l,2-epoxypropane ( 7 , 7 , 7 -tnchloropropylene oxide) (3 5760) (1) with cone. 
HCl on warming see ( 1 ).] 

C with BzCi + dll. aq, alk. fails (1) to yield a crystn. benzoate. 

3:9036 (l) Arndt, Eistert, Ber. 61, 1122 (1928). (2) Meerwein, von Bock, Kirschnick, Lens, 

Migge, J. prakt Ghent. (2) 147, 212, 225 (1936). 


3:9037 l,l,3,3-TETRACHLOROPROPANOL.2 C 3 H 4 OCI 4 Befl. S.N. 24 

(/3,/3,j3',/3'-Tetrachloroisopropyl alcohol) CI 2 CH — CH — CHCI 2 

(*)H 

B.P. 80-90° at 14 mm. (1) 24® = 1.612 (1) = 1.51334 <1) 

[For prepn. of C from l,l,3,3-tetrachloropropanone-2 (si/m.-tetrachloroacetone) (3:6050) 
by reduction with AI(OEt) 3 , Mg(OEt) 2 , or EtOMgCl see (1).] 

3:9037 (l) Meerwein, von Bock, Kirschnick, I^enz, Migge, J. prakt. Chem. (2) 147, 212, 225 (1936). 
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3:9038 


CH 2 a C 8 H 7 O 2 CI BeU. I - 473 


B.P. 

(Glycerol a-monochlorohydrin, 
a-monochlorohydrin,'' 
Y-chloropropylene glycol) 

H--(^— OH 
(!:!H20H 

11- (346) 

12- (537) 

141® 

at 40 mm. (1) 

i^® = 1.3181 (11) 

n?? = 1.4811 (16) 

135® 

at 32 mm. (2) 

1.317 (10) (15) 

1.4783 (15) 

139® 

at 22 mm. (3) 

1.313 (1) 

1.4781 (10) 

118.6-119.6° at 17 nun. (45) 


1.4778 (15) 

119-119.6° cor. at 14.6 mm. (4) 

w 

ti 

nl? = 1.4811 (5) 

119® 

at 14 mm. (5) 

1.3S14 (5) 

1.4810 (13) 

116® 

at 11 mm. (6) 

1.331 (15) 

1.4809 (12) 

113.5® 

at 10.5 mm. (3) 


1.4800 (15) 

113® 

at 10 mm. (7) (76) 


1.4794 (15) 


113-114® 
101-105® 
98-100® 
93° cor. 
83® 

83-84® 

81® 

80.9® 


at 10 mm. 
at 3 hL mm. 


1 mm. 
1 mm. 
1 mm. 
1 mm. 
0.5 mm. 


(8) 

(9) Z)f ® = 1.333 (G) 

( 1 ) < 10 ) 

< 11 ) 


nU® = 1.4830 (6) 


at 0.53 mm. 


< 12 ) 

(13) 

(14) 
(16) 


Note. B.P. values of 139® at 18 mm. (17), 
135.5-136.0® at 20 mm. (64), and 130-131® at 
18 mm. (18) appear to be on material of doubtful 
purity. 


[See also 2-chloropropanediol-l,3 (glycerol /3-monochlorohydrin) (3:9039).) 

C is misc. with aq.; eas. sol. ale., ether, but aim. insol. pet. ether. — [For f.p./compn. 
data and diagram of system C + aq. over range 0-60% C see (19).] 


USES OF C 

The manifold uses of C both as solvent and chemical intermediate cannot here be treated 
in detail [note, however, the following: for use of C (sometimes together with ethylene 
glycol (1:6465) as solvent in nitration of various carbohydrates and related prods, see 
(20) (21); in cellulose nitrate lacquers see (22); in extraction of ligroin from spruce wood 
see (23); as rodent poison see (24)]. 

BIOCHEMICAL BEHAVIOR OF C 

[For study of action of C on amylase (25), for effect on fermentation (26), for bactericidal 
action (27) (28) see indie, refs.] 


PREPARATION OF C 

C may be prepared from four principal starting points, viz., glycerol (1 : 6540), 3-chloro- 
1, 2-epoxypropane (epichlorohydrin) (3:5358), 3-hydroxy-l ,2-epoxypropane (glycidol), or 
allyl alcohol (1 : 6145) ; also from various miscellaneous starting points. — Note that by 
most of these methods a small proportion, e.g., 10-15%, of glycerol /3-monochlorohydrin 
(3:9039) is also formed. 

[For best working directions for lab. prepn. of 0 see (29).] 

From glycerol (1 : 6540). With HCl without other adds. The earlier methods for prepn. 
of (5 from glycerol involved merely reaction with HCl under various circumstances [e.g., 
from glycerol satd. with HCl gas and htd. at 100® (30) (17), or 120® (32) cf. (15), 130® (19), 
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or at 150-170^ under reduced press. (33), or in inert solvent such as dioxane or C itself 
(34) see indie, refs, and also (4); from glycerol with cone. HCl (9 moles) at 85® for 4 hrs. 
(9% yield (35)) or at 120® under press. (36) see indie, refs.]. 

With HCl in presence of organic acids. The reaction of glycerol with HCl is markedly 
facilitated by the presence of AcOH, other org. acids, or substances which 3rield such acids 
[e.g., for prepn. of C from glycerol -f AcOH with HCl gas (29) (1) (19) (37) (38) (39a) 
(yields: 86% (1) (19), 66% (29)) or with cone. aq. HCl (yields: 86-88% (16), 69-63% (29), 
59% (9)) cf. (37) (396) see indie, refs.; for prepn. of C from glycerol -f other org. acids (37) 
(39) or H- esters of org. or inorg. acids (40) sec indie, refs. ; note also that further reactn. of 
6 with HCl leads to glycerol a,a'-dichlorohydrin (3 : 5985)]. 

With other reagents. [For prepn. of C from glycerol with S2CI2 (41) or with SOCI2 + 
pyridine (42) see indie, refs.) 

From 8-chloro-l, 2-epoxypropane (epichlorohydrin) (3:5358). [For prepn. of C from 
epichlorohydrin with aq. at 100° (43) in s.t. (38) (31) or in s.t. at 125° (3) or on reflux, for 
14 hrs. (80% yield (7)) see indie, refs.; this ring opening is greatly facilitated by pres, of 
dil. acids such as dil. H2SO4 (yields: 85-90% (44) (6), 80% (45)) or formic acid (66% 3deld 
(46)); for study of kinetics of this reactn. incl. influence of various acids and salts see 
(43) (3) (47) (48); for patent on use of dil. acids or acid-reacting salts see (49).] 

From 3-hydroxy-l,2-epozypropane (glycidol ~ epihydrin ale.). [For prepn. of C from 
glycidol with HCl (by oxide ring opening and addn.) under a wide variety of conditions see 
(4) (3) (50); yields may run as high as 90% (4).] 

From allyl alcohol (1 : 6146) by addn. of HOCl. (For formn. of C (together with glycerol 
/3-monochlorohydrin (3:9039)) from allyl ale. by addn. of HOCl see text and corresp. 
citations under the /3-isomer (3:9039).] 

From miscellaneous starting points. [For prepn. of C from propylene by addn. of HOCl 
see (51); from glyceryl triesters of hydroxy acids (e.g., castor oil) with HCl under various 
conditions see (52); from glycerol a-monochlorohydrin diacetate (3:6840) by alcoholysis 
with MeOH/HCI at 60° for 6 hrs. (yields: 86% (13), 81-85% (14)) see indie, refs.; from 
the reaction prod, of C with acetone, i.e. from4-(chloromcthyl)-2,2-dimethyl-l,3-dioxolane 
(see below), by acid hydrolysis see (9) (5).] 

CHEMICAL BEHAVIOR OF C WITH INORGANIC REACTANTS 

Reduction of C. [C in aq. soln. with Na/Hg shaken 2 days at room temp, gives (53) cf. 
(31) propylene glycol (propanediol-1,2) (1:6455); note that reduction of C with cone. HI 
(which might be expected to yield isopropyl iodide) is so slow as to be useless for detn. of 
C (58).] 

Oxidation of C. [C in aq. soln. on oxidn. with cone. HNO3 as directed (54) gives (3deld 
not stated) ^-chloro-a-hydroxypropionic acid (/3-chlorolactic acid) [Beil. III-286, IIIi-(llO), 
IIl2-(209)], eas. sol. aq., ale., ether, cryst. from CeHs (54), m.p. 77° (54), 77-78° (55); for 
resolution of this acid into opt. act. forms, d-form, m.p. 91.5°, see (56). — For oxidation of 
C with HIO4 giving (50% yield) chloroacetaldehyde hydrate (3:7212) see (146).] 

[For study of inflammability of C with solid KMn04 see (57); for titration of C with 
Pb (OAc)4 and use in detn. of C in pres, of the isomeric glycerol jS-monochlorohydrin (3 : 9039) 
see (12).] 

Behavior of C with alkalies. C in the pres, of alkalies may react in at least two ways 
according to conditions: i.e., C may either undergo hydrolysis yielding glycerol (1:6540) 
or loss of HCl and consequent ring closure yielding 3-hydroxy-l, 2-epoxypropane (epihydrin 
ale. « glycidol). 

Hydrolysis of C. [C with aq. under reflux is slowly (33% in 70 hrs. (59)) hydrolyzed to 
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glycerol. — C with aq. alk. (60) (61) (62) or alk. carbonate (61) (62) cf. (63) hydrolyzes to 
glycerol; for study of kinetics of alk. hydrol. see (60) (3) (4) (64) (65). — Note that C with 
ale. NaSH (66) or KSH (67) gives monothioglycerol [Beil. 1-519].) 

Dehydrochlorination of C, [C with ale. NaOH (68) (43) (4), or ale. KOH (16), or ale. 
NaOEt (16), or C in dry ether with Na (16) (63) (50) (71), or C with Na 2 C 03 -f CaS 04 
(63), or C in ether with BaO (31), or C with 2 N aq. NaOH at ord. temp, for 10 min. (69), 
or C with basic cpds. in ale. -f CeHe (70) gives (yields: 66% (68), 60-90% (16), 67% (4) 
55% (71), 50-60% (63), 37% (43)) 3-hydroxy-l ,2-epoxy propane (glycidol) [Beil. XVII- 
104, XVIIi-(50)], b.p 160-16r (50), 65-66" at 2-2 5 mm (16), = 1.1143 (16), n^ = 

l. 4302 (16) (corresp. V-phenylcarbamate, m.p. 60" (16); N- (a-naphthyl) carbamate, m.p. 
102" (16)).] 

[Note that C in dil. aq. alk. loses HCl to give glycidol very much more rapidly (3) (4) 
than does the isomeric glycerol ^-monochlorohydnn; for use of this property in detn. of 
purity of samples of C see (9).] 

Behavior of C with salts of inorganic acids (for NaCN see below under salts of organic 
acids). 

With alkali {or alk.-earth) iodides. [C with alkali iodides (72a) or alk.-earth iodides (726) 
at not above 90° in absence of light gives 3-iodopropanediol-l,2 (glycerol a-iodohydrin) 
[Bed. Ii-(246), l2-(539)], m.p. 48-49° (72) (73), 49-50" (7) (corresp. 6is-(;>-nitrobcnzoate), 

m. p. 102" (74), 102-103° (75)), note that tills prod, comprises the pharmaceutical “ Alival 
(74) (75).] 

With alkali phosphates. [C with aq. K 3 PO 4 (76) or NasPOd (76) (77) cf. (78) (82) gives 
the di alkali salts of glycerol a-phosphoric acid [Beil. 1-517, li-(274), l5r(692)].] 

With alkali arsemtes [For analogous behavior of C with NasAsOs see (79) ] 

Behavior of C with NH3. C with NH3 might be expected to yield 3-aminopropanediol- 
1,2; however, this prod, although known, is usually prepared from other sources. [For 
comments on reactn. of C with NH3 see (80) (81).] 


CHEMICAL BEHAVIOR OF C WITH ORGANIC REACTANTS 
Behavior with Organic Hydroxy Compounds 

With monohydric alcohols. C with monohydric ales, in pres, of corresp. alkoxide splits 
out alkali chloride giving the corresp, glycerol a-monoalkyl ethers. 

[C with MeOH/NaOMe gives (1) (83) (84) glycerol a-methyl ether (3-methoxypro- 
panediol-1,2) [Beil. 1-512, Ii-(271), l2-(589)], b.p. 220° at 760 mm. (1) (15), 196" at 728 mm. 
(83), 135.5-136° at 40 mm (1) (15), 111-112" at 13 ram. (85), Lf = 1.111 (1) (15), Dl^ 
= 1.1189 <85>,nf>® = 1.442(1) (15), = 1.4445(85) (corresp 5r,s-(p-nitrobcn!5oate), m.p. 

108° (86) (87) (15), corresp. 6zs-(V-phcnylcarbamatc), m p. 118-119° (87)). — Note differ- 
ences of these constants from those of the isomeric glycerol jS-methyl ether (2-methoxy- 
propanediol-1,3) [Beil. l2-(589)], viz., b.p. 232" at 760 mm. (1) (15), 148" at 40 mm. (1) 
(15), = 1.124 (1) (15), no = 1.446 (1) (15) (corresp. 6is-(p-nitrobenzoate), m.p. 155° 

(87) (15), corresp. bis- (N-phenylcarbamate), mp 102° (87)); note also tlmt m.p.'s of 
mixts. of the two 6is-(p-nitrobenzoates) (86) and of the two bis- (V-phenylcarbamates) 

(87) are depressed.] 

[C with EtOH/NaOEt gives (75% yield (1)) (88) glycerol a-ethyl ether (3-ethoxypro- 
panediol-1,2) [Beil. 1-512, l2-(590)], b.p. 222° at 760 mm. (1) (15), 118-121" at 21 mm. 

(88) , 114-116" at 10 mm. (15), 112-113" at 10 mm. (1); 7^° = 1.063 (1), 1.058 (15); nl? - 
1.440 (15), nS = 1.441 (1) (corresp. bis-(Ar-phenylcarbamate), m.p. 103-104° (88)).] 

[C with n-PrOH/NaO-n-Pr gives (88) (84) glycerol a-n-propyl ether (3-(n-propoxy)pro- 
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panediol-1,2) [Beil. Ii-(272)1, b.p. 122° at 22 mm. (84), 118-122° at 15 mm. (88>, DJ® = 
1.074 <88), njl = 1.4400 <88) (corresp. 5ts-(yV-phenylcarbamate), m.p. 116® (88)).] 

[C with n-BuOH/NaO-n-Bu gives (88) glycerol a-?i-butyl other (3-(n-butoxy)propanediol- 

l, 2), b.p. 138-140° at 22 mm., Di* == 1.002, n}) = 1.4463 (corresp. 6i5-(iV-phenylcarba- 
mate), m.p. 94-95°).] 

Certain of the glycerol a-monoalkyl ethers contg. long-chain alkyl radicals have special 
interest because of their occurrence in natural prods. Two such cases are represented by 
glycerol or-n-hexadecyl ether (chimyl alcohol) and glycerol a-ri-octadecyl ether (batyl 
alcohol). 

[C with Na n-hcxadecyl oxide fails (88), however, to yield d,i-glycerol a-n-hexadecyl 
ether (chimyl alcohol) [Beil. l2-(590)], Viut prepns. by other methods (89) show following 
props.: m.p. 62-63° (89) (corresp. 6«s-(p-mtrobenzoatc), m.p. 52-53° (89); corresp. bis- 
(iV-phenylcarbamate), m.p. 92° (89)).] 

[C with Na ri-octadccyl oxide fails (88) to yield d,^-glycerol a-n-octadecyl ether (batyl 
alcohol) [Beil. l2-(590)], but prepns by other methods (91) (89) (88) show following props.: 

m. p. 71-71.5° (89), 70-71° (91) (90) (89) (88) (corresp. bfs-(/)-nitrobenzoate), m.p. 73.6- 
74° (89); corresp. /ns- (A^-phonylcarbamate), m.p. 94.5-95° (89), 95-96° (88)).] 

With polyhydric alcohols. [C with cellulose + NaOH gives (92) completely aq. soluble 
cellulose ethers; note, how'cver, that the pres, of as little as 1% of l,3-dichloropropanol-2 
(glycerol a,a'-dichlor()hydrin) (3 : 5985) suffices to render the ether completely aq. insoluble. 
— For use of C in etherification of starch (93) (94), dextrin (94), etc., see indie, refs.] 

With monohydric phenols. C with the sodium salts of monohydric phenols splits out 
NaCl yielding the corresp, glycerol «-aryl ethers. 

[C with phenol (1 : 1420) in EtOH/NaOEt (95), or C with phenol + solid NaOH at 
120® (96) (97), or C with phenol + aq. NaOH at 100° for 2 hrs. (98) gives (yields: 61-64% 
(95), 59% (96)) glycerol a-phenyl ether (3-phenoxypropanediol-l,2) [Beil. VI-149, Vlr 
(86)], m.p. 70® (95), 69° (99), 67-68° (96); note that this prod, on fusion changes to a second 
form, m.p. 53-54° (96) (97), but on stdg. at room temp. m.p. rises again to 68°.] 

Corresponding condensations of C with many other phenols are known but cannot be 
included here. 

Behavior with Carbonyl Compounds 

C with carbonyl cpds. under appropriate conditions yields the corresp. cyclic acetals 
(see also under corresp. subheading of epichlorohydrin (3:5358). 

With aldehydes. [C with aq. formaldehyde soln. (“ formalin ”) (1:0145) + H3PO4 on 
htg. gives (100) 4-(chIoromcthyl)-l,3-dioxolanc [Beil. XlX-8, XIXi-(6l0)], b.p. 126® at 
750 mm. (100). — Note, however, that C with paraformaldehyde (1 :0080) -f dry HCl gas 
reacts differently giving (101) 3-chIoro-l,2-5es-(chloromethoxy)propane, although no 
constants on this prod, appear to have been reported.] 

[C with acetaldehyde (1:0100) directly seems not have been recorded (cf. under epi- 
chlorohydrin (3:5358)): note, however, that C with acetylene in pres, of HgS04 at 60-80® 

(102) or in pres, of BFa/HgO/MeOH (103) gives (72% yield (103)) 4-(chloromethyl)-2- 

methyl-l,3-dioxolane [Beil. XIXi-(610)], b.p. 148° (102), 147-149® (103), - 1.1720 

(103) , nfj - 1.4410 (103).] 

With ketones. [C with acetone (1 :5400) in pres, of HCl (5), P2O6 (5), HCl 4- Na2S04 
(7), or H2SO4 + Na2S04 (9) gives (60% yield (7)) 4-(chloromethyl)-2,2-dimethyl-l,3. 
dioxolane (“ acetone-glycerol a-chlorohydrin ”), b.p. 157° at 767 mm., DJ® =* 1.1079, 
nj[f ~ 1.43750 (7). — Note that this condensation occurs more readily than for the corresp. 
isomeric glycerol /3-monochlorohydrin (3:9039) q.v. and has been employed (5) to enrich 
the proportion of the latter in mixtures of the two.] 
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[C with hexanone-2 directly has not been studied, but C with n-butylacetylene (1:8056) 
in pres, of Et20.BF8/Hg0/Me0H /trichloroacetic acid gives (104) 4-(chloromethyl)-2- 
n-bUtyl-2-methyH,3-dioxolane, b.p. 109® at 25 mm.] 

[C with acetophenone (1:5515) in pres, of H2SO4 or HCl gives (106) a prod, presumably 
4-(chloromethyl)-2-methyl-2-phenyl-l,3-dioxolane, b.p. 153-153.3® at 40 mm., which with 
2 N HCl at 60® is hydrolyzed into its original components.] 

Behavior of C with Salts op Organic Acids 

C reacts with salts of organic acids to give in general the corresp. glycerol ot-esters. 
With salts of aliphatic monobasic acids. [C with Na formate on htg. is claimed to yield 
(106) (46) glycerol «-monoformate [Beil. 11-24, IIi-(19), Il2-(33)1, but owing to the in- 
stability jof this prod, the reliability of its supposed constants has been questioned (8).] 

1C with NaOAc or KOAc in s.t. at 150-160® yields (107) glyceryl a-acetate [Beil. 11-146, 
IIi-(69), Il2-(159)], b.p. 129-131® at 3 mm., DJ® == 1.2060, n|? = 1.4517 (108), but the 
reactn. is accompanied by some formn. of glyceryl diacetate and glyceryl triacetate.] 

[For corresp. reactions of C with sodium salts of n-butyric acid (1 : 1035), isobutyric acid 
(1:1030), n-valeric acid (1:1060), isovaleric acid (1:1050), and n-caproic acid (1:1130) 
see j8).] 

[C with K laurate in s.t. at 180® under CO2 (109) or C with Na laurate at 130® (110) 
gives glyceryl a-laurate (“ a-monolaurin ”) [Beil. 11-362, Il]-(157), Il2-(320)], m.p. 63® 
(lip, cf. (112), 62® (2).] 

[C with K myristate in s.t. at 180® under CO2 (109), or C with sodium myristate at 
110-115® for 8-10 hrs. (110), gives (70% yield (110)) glyceryl a-myristate C a-mono- 
mymtm”) [Beil. 11-366, IIi-(162), Il2-(327)], m.p. 68® (109)_(113), 67.3® (111) cf. (112).] 
[C with K palmitate in s.t. at 180® under CO2 (109), or C with Pb palmitate at 112® 
under CO2 (113), gives (50% yield (113)) glyceryl a-palmitate (“ a-monopalmitin ”) 
[Beil. 11-373, Il2-(338)], m.p. 74-75® (2), 77® (111) cf. (112).] 

[C with K stearate in s.t. at 180® under CO2 (109), or C with sodium stearate at 110- 
115® for 8-10 hrs. (110) cf. (114), gives glyceryl a-stearate (“ a-monostearin ”), m.p. 81.1® 
(111) cf. (112).] 

With salts of amino acids. [For analogous formn. of corresp. glyceryl mono esters 
from C with sodium salts of aminoacetic acid (glycine) (115), a-aminopropionic acid 
(alanine) (115), a-amino-isocaproic acid (leucine) (116) see indie, refs.] 

With alkali cyanides. [C in 95% ale. with aq. KCN (or NaCN) in s.t. at 100® for 36 hrs., 
followed by hydrolysis, gives (9) 28% yield of the lactone of /3,7-dihydroxy-n-butyric acid 
(^-hydroxy-n-butyro-7-lactone), m.p. 22.5-26® (9), accompanied by (23% yield (9)) the 
lactone of 7-hydroxyisocrotonic acid, m.p. +5® (9) (presumably formed by loss of H2O 
from the former).] Cf. behavior of “ glycerol i3-monochlorohydrin (3:9039). 

Behavior of C with Other Non-Nitrogenous Organic Reactants 

With alkyl halides (or their equivalents). [C with Mel + silver oxide (15), or C with 
methyl p-toluenesulfonate at 150® for 5 hrs. (117), or C with diazomethane (118) gives the 
corresp. dimethyl ether, viz., 3-chloro-l,2-dimethoxypropane, b.p. 156-157® at 760 mm. 
(117), 156-168® (118), 156® (15), = 1.08 (15), ng = 1.43 (15).] 

[Note that the corresp. diethyl ether, viz., 3-chloro-l,2-diethoxypropane, b.p. 69.8-70.4® 
at 14 mm., Dj® « 1.026^ nf? = 14246, has been prepd. indirectly (119).] 

With RMgiX cpds. [5 with EtMgBr (2jmoles) reacts in an obscure fashion yielding 
(120) hydroxyacetone (acetol) (1:6455). — C with iso-AmMgBr (4 moles) (perhaps acting 
through intermediate acetol) gives (25% yield (120)) 2,5-dimethylhexanedioH,2 [Beil. 
1-491], b.p. 246-247® at 746 mm., 129-132® at 11 mm.] 
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[C with CeHsMgBr (4 moles) (perhaps acting through intermediate acetol) gives (120) 

(121) (60% yield (120)) 2-phenylpropanediol-l,2 [Beil. VI-930] accompanied by some 3- 
phenylpropanediol-1,2 [Beil. VI-929].] 

Behavior op C with Amines 

With primary amines. With aliphatic primary amines. [C with n-heptadecylamine 

(122) or its hydrochloride gives a prod, which may be the expected V-(^, 7 -dihydroxy- 
n-propyl )n-heptadecylamine. ] 

With aromatic primary amines. [C with aniline (2 moles) + a little aq. refluxed for 1 hr., 
then neutralized, gives (63% yield (124)) JSr-(/3,7-dihydroxy-^propyl)aniline [Beil. XII- 
183], b.p. 249-250*^ at 50 mm. (125), 200-203** (124), m.p. 42** (124), 52** (125).] 

[C with p-aminophenol gives (126) i\r-(/3,7-dihydroxy-n-propyl)-p-aminophenol, m.p. 
192®, used as photographic developer (127); for analogous reactions of C with p-anisidine 
giving iV-08,7-dihydroxy-n-propyl)-p-anisidine, m.p. 75-76® see (126), or of C with p- 
phenetidine giving iV-03,7-dihy^oxy-n-propyl)-p-phenetidine, m.p. 93® (126), 90-92® (128), 
see indie, refs.] 

With secondary amines. With aliphatic secondary amines. [C with Me 2 NH •+• aq. 
NaOH at 20-40® (129) or C with Me 2 NH in s.t. at 100® for 5-6 hrs. (130) (131) cf. (132) 
gives 3- (dimethylamino) propanediol-1, 2 [Beil. IV-302], b.p. 220® cor. at 749 mm. (130), 
111® at 15 mm. (132). —C with Et 2 NH in s.t. at 100® for 5-6 hrs. (131) cf. (130) (132) 
gives 3- (diethylamino) propanediol-1 ,2 [Beil. IV-302], b.p. 233-235® at 748 mm. (130) (131), 
106® at 3 mm. (132) (corresp. Ins-CAT-phenylcarbamate), m.p. 106.5® (133); corresp. bis- 
(V-phenylcarbamate)monohydrochloride, m.p. 109® (133)).] 

With heterocyclic secondary amines. [C with piperidine in s.t. at 100® for 4-6 hrs. (131, 
cf. (132) or in ord. flask at 100® for IH hrs. (134) gives 3- (piperidino) propanediol-1,2 
[Beil. XX-34, XXi-(12)], m.p. 83® (135) (132), 79-80® (136), 67-68® (134) (corresp. bis- 
(p-nitrobenzoate), m.p. 108® (135); corresp. 6w-(iV-phenylcarbamatc)monohydrochloride 
(“ Diothane *’), m.p. 201-202® cor. (137), 197-198® u.c. (?) (133)). — Note that in prepn. 
of “ Diothane *’ the influence of the purity of the piperidine has been studied (137); that 
3- (piperidino) propanediol-1 ,2 yields a mono-(JV-phenylcarbamate)monohydrochloride, m.p. 
176-177® (133); for resolution of d,i-3-(piperidino)propanediol-l,2 into its opt. act. enantio- 
morphs and prepn. of the corresp. opt. act. “ Diothanes ” see (138).] 

With tertiary amines. [C with MeaN anhydrous (139) or in aq. soln in s.t. at 1(X)® for 
8 hrs. (31) or in ale. soln. in s.t. at 100® for 6 hrs. (140) gives trimethyl- 0,7-dihydroxy-7i- 
propyl)-ammonium chloride [Beil. IV-302]. — C with EtaN in s.t. at 100® for 8 hrs. gives 
(141) triethyl- (/3,7-dihydroxy-n-propyl)-ammonium chloride [Beil. IV-303]. — For analogous 
behavior of C with tri-n-propylamine, quinoline, and strychnine see (141). — For quat. 
salt from C with iV,iV'-<iimethyl “ stenyl ** amine sec (142).] 

Behavior op C with Other Nitrogenous Orq. Reactants 

[C with diazomethane gives (118) the corresp. dimethyl ether for which see above under 
behavior of C with alkyl halides.] 

[C with aq. Na 2 NCN stood for 12 hrs., then shaken with benzoyl chloride, gives (143) 
the tribenzoate, m.p. 130® of 5- (hydroxymethyl )-2-aminooxazoline; substitution of benzene- 
sulfonyl chloride for the benzoyl chloride yields (144) corresp. im-(benzenesulfonate), 
m.p. 168®.] Cf. behavior of epichlorohydrin (3:5358). 

Glycerol a-monochlorohydrin a'-acetate (y-chloro-^-hydroxy-n-propyl acetate): 

b.p. 240® (see 3:6775). 
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Glycerol a-monochlorohydrin ^-acetate (j9>cliloro-/3^>hydroxy>isopropyl acetate): 

b.p. 218° (see 3:6517). 

Glycerol a-monochlorohydrin a, /3-diacetate : b.p. 245° (see 3:6840). 

Glycerol a-monochlorohydrin a'-benzoate : unreported. 

Glycerol a-monochlorohydrin /3-benzoate: unreported. 

Glycerol a-monochlorohydrin a', /3-dibenzoate : unreported. 

(P Glycerol a-monochlorohydrin di-(p-nitrobenzoate): m.p. 108-109° u.c. (14), 108° 
(15), 107-108° (2). [From C with p-nitrobenzoyl chloride (2 moles) in pyridine at 
room temp, for several days (93-96% yield (14)) or in CHCI 3 soln. with quinoline as 
acid acceptor (100% yield (2)); note that this prod, depresses m.p. (121-122°) of the 
corresp. deriv. of the isomeric glycerol /3-monochlorohydrin (3:9039) (14).] 

Glycerol a-monochlorohydrin a'-(?)-(Af-phenylcarbamate): m.p. 128-129° (16), 

127-129° (9), 126° (42). [From C with phenyl isocyanate in 7% yield (9); note that 
fcr the corresp. deriv. of glycerol /3-monochlorohydrin (3 : 9039) the m.p. is 133-136°.] 
(P Af-(/3,7-dihydroxy-n-propyl)phthaliniide: m.p. 111.5-112.5° (145), 111° (46). [From 
C with K phthalimide (100% yield (46)), but no details of conditions are stated.] 
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3 : 9039 2-CHLOROPROPANEDIOL-l,3 

(Glycerol /5-monochlorohydrin, 

“ /3-monochlorohydrin,” 
/3-chlorotrimethylene glycol, 
i3,/3'-dihydroxyieopropyl chloride) 


CH 2 OH 
H— <!>— Cl 


DHjOH 


CsHtOjCI 


BeU. I • 476 

11- (847) 

12- (542) 


B.P. [146° at 18 mm. (1) (2)] 

124.5- 1%6° at 14.6 mm. (3) 

124° at 14 mm. (4) 

122.5- 123.5° at 13.6 mm. (5) 


= 1.3319 (4) ng* = 1.4831 <4) 
1.3317 (3) 
cf. (4) 
i>2 = 1.3416 

1.3376 (3> 


Attention is directed to the fact that C is in most respects extremely similar in physical 
constants and chemical behavior to the isomeric glycerol a-monochlorohydrin (3-chloro- 
propanediol-1,2) (3:9038); that C is very readily partially isomerized to the latter, and 
that, therefore, the homogeneity of all prepns. of C or reactn. prods, derived from sup- 
posedly pure C must be accepted with reserve. The literature of the two glycerol mono- 
chlorohydrins is seriously entangled, and reference to the original articles must be marift 
for supporting details. 


PREPARATION OF C 

C has been isolated (3) from the mixed glycerol monochlorohydrins by fractional hydroly- 
sis and distillation; this isolation has been confirmed (4) (6) by methods based on the 
slower condensation of C with acetone (see below). — The mixture of glycerol monochloro- 
hydrins obtd. from glycerol (1 : 6540) with cone. HCl at 120® for 5 hrs. under press, contains 
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[For formn. of C (together with the isomeric o-monochlorohydrin) from a mixt. of 
monochlorohydrin diacetates with abs. MeOH contg. dry HCl gas see (7).] 

[The mixture of the two glycerol monochlorohydrins obtd. from allyl alcohol (1:6145) 
by addn. of HOCl (1) (8) (5) cf. (6) (9) (10) (11) (13) or from epichlorohydrin (3:6368) 
q.v. by addn. of aq. in pres, of acids has been shown (12) to be essentially similar to that 
obtd. from glycerol with HCl, although different proportions of a- and ^ isomers might 
be anticipated (3).] 


CHEMICAL BEHAVIOR OF C 

Reduction of C. [C with Na/Hg in aq. ale. HCl gives (8) trimethylene glycol (1:6490).] 

Behavior with aq. alkalies. [C with aq. alk. loses HCl and ring-<;loses to 3>hydroxy-l,2- 
epoxypropane (glycidol = epihydrin alcohol) : this reactn. occurs with C very much more 
slowly than for the isomeric a-monochlorohydrin (3 : 9038) ; for its use in detn. of purity 
of C see (6) (3) (13) (14).] 

Behavior with alkali cyanides. [C in 95% ale. with aq. KCN (or NaCN) in s.t. at 100® 
for 36 hrs., followed by hydrolysis, does not (6) give the expected j8,/9'-dihydroxyi8obutyric 
acid but instead gives (35% yield (6)) the lactone of /3,7-dihydroxy-i^butyric acid (fi- 
hydroxy-n-butyro^-lactone), m.p. 22.5-26® (6), i.e., the same prod, similarly obtd. from 
glycerol a-monochlorohydrin (3:9038).] 

Behavior with Nal. [C with dry Nal in anhydrous acetone in s.t. at 100® for 12 hrs. 
gives (18% yield (15)) glycerol /3-mono-iodohydrin, m.p. 62-53® (15).] 

Behavior with acetone. [C in acetone with P 2 OB at 2-7® gives (57% yield (4)) a conden- 
sation prod., “ acetone-/J-chlorohydrin,^^ C6Hn02Cl, b.p. 161.5-162.2® cor. at 757 mm., 
Dl^ w 1.1344, wd »= 1.4487; this condensation occurs less readily, however, than the 
analogous reactn. for glycerol a-monochlorohydrin (3:9038), and removal of the latter 
by this means has been used (4) to enrich the proportion of C in a mixt. of the two.] 

Glycerol /3-monochlorohydrin a-acetate: oil, b.p. 230® at 760 mm., 230-234® cor. 

at 750 mm. (10), Dlf = 1.235 (10). (See 3:6648.) 

Glycerol /3-monochlorohydrin a,a'-diacetate: oil, b.p. 101-102® at 4 mm. (15). 

Glycerol /3-monochlorohydrin a-benzoate: unreported. 

Glycerol /3-monochlorohydrin a,a'-dibenzoate: oil, b.p. 210-211® at 1.5 mm. (16). 

Glycerol /3-monochlorohydrin a,a'-&is-(^-nitrobenzoate) : m.p. 121-122® (16) (7). 

[Prepd. indirectly; note that this prod, depresses the m.p. of authentic glycerol a- 
monochlorohydrin 6i«-(p-nitrobenzoate), m.p. 108-109® u.c. (7).] 

Glycerol /3-monochlorohydrin a-(^-phenylcarbamate): m.p. 133-136® (6), 131- 

133® remelting at 133® (12). [Prom C with phenyl isocyanate in 6% yield (6); note 
that, for the corresp. deriv. of glycerol a-monochlorohydrin, m.p. is 128-129® (12).] 

3:9039 (1) Hanriot. Ann. ehim. (5) 17 , 73-76, 76-78 (1879). (2) Gibson, J. Soc. Chem. Ind. 60 , 
949-950 (1931). (3) Smith, Z. physik. Chem. 94 , 723-736 (1920). (4) Smith, Lindberg, Ber. 64 , 
609-516 (1931). (6) Read, Hurst, J. Chem. Soc. 131 , 996-999 (1922). (6) Glattfeld, Leavell, 
Spieth, Hutton, J. Am. Chem. Soc. 63 , 3169-3171 (1931). (7) Rider, J. Am. Chem. Soc. 64 , 
773-776 (1932). (8) Henry, Ber. 6 , 449 (1872) : Bull. acad. roy. Belg. (3) 33 , 110-114; Cent. 1897 , 
I 741. (9) Essex. Ward (to du Pont Co.), U.S. 1,594,608, Aug. 3, 1926; Cent. 1930 , II 1693; 
[C.A. 30 , 3170-3171 (1926)]. (10) Wegseheider, Zmerzlikar, Monatah. 34 , 1071-1072 (1913). 

(11) Brooks (to Standard Alcohol Co.), U.S. 2,311,023, Feb. 16, 1943; C.A. 37 , 4407 (1943). 
(12) Rider. HUl. J. Am. Chem. Soc. 63 , 1621-1627 (1930). (13) Smith, Z. physik. Chem. 03 , 
717-740 (1917). (14) Smith, Lindberg, Ber. 61 , 1712-1717 (1928). (15) Glattfeld, Klass, J. Am. 
Chem. Soc. 66 , 1114-1119 (1933). (16) Fairbourne, Foster, J. Chem. Soc. 1936 , 3150. 
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3:9040 l,4.DICHLOROBUTADI.yNE-l,8 C 4 CI 2 Beil. I ~ 

(Dichlorobiacetylene) Cl — C=sC — CfeC — Cl Ii — 

l2-(246) 

M.P. 1-3® (1) 

Long colorless ndls., which can be distilled under N2 yielding a colorless oil {!). — C 
has odor of dichloroacetylene; readily polymerizes to an insol. dark brown explosive ma- 
terial. — C explodes at 73° (1). 

[For prepn. of C from diacetylene [Beil. 1-266] by actn. of alk. hypochlorite soln. in cold 
and absence of light see (1) (2) <3).] 

C dislvd. in CHCI3 and stood 1 day with I2 in CHCI3 adds 2 moles I2 yielding (1) 1,4- 
dichloro-l,2,3,4-tetraiodobutadicne-l,3, which after careful recrystn. from CcHg/pet. 
ether has m.p. 155-157° {!). 

3:9040 (1) Straus, Kollek, Hauptmann, Ber. 63, 1893-1894 (1930). (2) I.G., Brit. 333,946, 
Sept. 18, 1930; Cmt 1031, I 523. (3) I.G., Ger. 495,787, April 17, 1930. 

3: 9044 l,l,2,3,4-PENTACHLOROBUTADIENE-l,3 C 4 HCI 6 

Cl Cl Cl Cl 

ii 

B.P. 125° at 70-60 mm. <1) 

[From 2,3,4,5,5-pcntacbloropentadicn-2,4-oic acid-1 [Beil. 11-482] by boilg. with aq., 
then distilling with steam; the structure of the acid (and therefore of C) is disputed (2). — 
For two other materials (b.p. 193-200° at 720 mm.) having the composition C4HCI6, 
obtd. from trichloroethylene (3:5170) with AICI 3 , but thought not to be identical with C, 
see <3).] 

3:9044 (l) Zincke, Kiister, Ber. 26 , 2113 (1893). (2) Zincke, Ann. 296 , 143 (1897). (3) Kaufler, 
Ann. 433 , 43-51 (1923). 


Beil. I - 350 

Ii~ 

l2-(325) 


3:9046 


l,l,2,3,4,4-HEXACHLOROBUTENE-2 C 4 H 2 CI 6 

(Liquid stereoisomer) Cl Cl Cl Cl 

I I i 

Hc— c:;=-c— (b— H 



Beil. S.N. 11 


B.P. 97-98* at 10 mm. (1) = 1.651 (1) n5 = 1.63313 (1) 

[Bee oho solid stereoisomer (3:1945).] 


Colorless oily liq. with agreeable odor. 

[For formn. of C (together with its solid stereoisomer (3:1945)) by actn. of CI2 upon 
the high-boilg. fraction obtd. in the prepn. of trichloroethylene (3:5170) from 1, 1,2,2- 
tetrachloroethane (acetylene tetrachloride) (3:5750) see <1); for formn. of C from the 
liq. stereoisomer (3:6150) of l,2,3,4-tetrachlorobutadiene-l,3 4- CI2 see <!).] 

3:9046 (1) Muller, Htither, Ber. 64 , 589-600 (1931); C.A. 26, 3956-3957 (1931). 
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3:9048-3:9054 


3:9048 HEXACHLOROBUTENE-X C 4 H 2 Cle BeiL S.N. 11 

B.P. 100-107.6® at 14 mm. (1) 

[For formn. of C from l,l,2,2,3,4,4r-heptachlorobutane (3:9066) with cone. aq. KOH 
see (1).] 

C reduces Tollens* reagt. (1). 

3:9048 (l) Prins, Rec. trav. chim. 66, 125 (1937); Cent. 1937 , I 3308; C.A. 31 , 2999 (1937). 


3:9060 HEXACHLOROBUTENE-Y C 4 H 2 CI 6 Beil. S.N. 11 

B.P. M.P. 

126.6® at 26 mm. (1) 9.5-11® (1) Df = 1.6880 (1) n|? = 1.6442 (1) 

[For formn. of C (together with other products) by actn. of F2 on trichloroethylene 
(3: 5170) sec (1).] 

C does not add CI2 or Br2 in sunlight {1). 

C differs (1) in prop, from the solid stereoisomer (3:1945) of 1,1, 2,3,4, 4-hexachlorcH 
butene-2. 

3:9050 (1) Miller, J. Am. Chem. Soc. 62, 343 (1940). 

3:9052 l,2,3-TRICHLOROBUTADIENE-l,3 Cl Cl Cl C4H3CI3 BeU. S.N. 12 

H2C==i— i=([!H 

B.P. 33-34° at 7 mm. <1) (2) flf = 1.4060 (1) = 1.5262 (1) 

[For prepn. of C from 1,2,2,3,4-pentachlorobutane (3:9070) (55% yield of C together 
with 25% yield 2,3,3,4-tetrachlorobutene-l (3:9060)) with ale. KOH for 2 hrs. at room 
temp, see <1> (2).] 

C after addition of hydroquinone can be distd. in vac. (1). — C polymerizes more slowly 
than 2,3-dichlorobutadiene-l,3 (3:5220); under ordinary conditions C changes in 10-12 
days to a jelly-like mass contg. 50% unchanged C; after a month polymerization to a 
dark-colored soft friable mass is apparently complete (1). 

3:9052 (1) Carothers, Berchet, J. Am. Chem. Soc 66, 2004-2008 (1933). (2) Carothers, Berchet 

(to du Pont), U.S. 1,965,369, July 3, 1934, Cent 1936, I 3724, C.^l. 28, 5716 (1934). 

3:9064 l,l,l,4,4-PENTACHLOROBUTENE-2 C 4 H 3 CI 6 Beil. S.N. 11 

Cl Cl 

h<!^h=ch— ici 
<!ji <*3 

B.P. 78.6-80° at 11 mm. ( 1 > = 1.611 ( 1 ) = 1.5548 <1) 

76-77.9° at 10 mm. {!) /^} = 1.612 (1) ng = 1.6638 (1) 

[For prepn. of C (in small yield and with much resinification (1)) from either trichloro- 
ethylene (3:5170) -h 1,1,2-trichloroethane (3:5330) -h Aids for 7 days at 40®, or from 
1,2-dichloroethylene (3:5030) + 1,1,1,2-tetrachloroethane (3:5555) + AICI3 for 10 days 
at 40®, see (1).] 



3:9054^:9057 


DIVISION C 


1244 


C is volatile with steam (use in sepn. from accompanying resin (1).) 

C reduces Tollens* soln. but not NH 40 H/AgN 03 without alkali (1). 

C is not attacked by boilg. 0.1% KMn 04 (1). 

C on boilg. with excess N/10 ale. KOH splits off 2.34r-2.6 moles HCl but C cannot be 
titrated (1). 

8:9054 (l) Prins, Rec. trav. chim. 56. 123-124 (1937). 


3:9056 1,1,2,2,3,4,4-HEPTACHLOROBUTANE C 4 H 3 CI 7 Beil. S.N. 10 

Cl Cl Cl Cl 

H — du — (!> — (!) — dyll 

ii i di (!:i 

B.P. 137.5° at 13.6 mm. ( 1 ) = 1.743 ( 1 ) 1.5407 (1) 

97.5° at 2 mm. (1) 

[For prepn. of C (60% yield (1) together with other products) from 1,2-dichloroethylene 
(3:5030) + pentachloroethane (3:5880) -|- AICI 3 for 12 days at 40® see {!).] 

C in CCI 4 gives with AICI 3 a yel. color; no HCl is evolved on boilg., and on addn. of 
water the solution is completely decolorized (1). 

C with Zn dust in ale. gives (50% yield {!)) of a trichlorobutadiene, b.p. 161®, 52® at 
12 mm. <1). 

8:9656 (1) Prins, Rec. trav. chim. 56, 124-125 (1937). 


3:9057 l,2-DICHLOROBUTADIENE-l,3 Cl Cl C 4 H 4 CI 2 Beil. S.N. 12 

ch2=ch— 

B.P. 60-65° at 106 mm. (4) D}i = 1.307(1) nL® = 1.5078 (1) (5) 

46.75-47.5° at 86 mm. (5) 

60-65° at 40 mm. (1) Dl^ = 1.199 (5) nj, = 1.4698 (2) 

C polymerizes slower than chloroprene (3:7080) yielding a rubberlike polymer which 
on vulcanization gives an ebonite-like subst. ( 1 ). 

[For prepn. of C (56% yield (4)) from l-chloro-2-vinylacetylene (3:7070) by treatment 
as directed at room temp, with cone. HCl -f CuCl -f NH 4 CI see ( 4 ); for formn. from vinyl- 
acetylene -f- CI 2 see (3); for prepn. of C from l,2,4-trichlorobutene-2 (3:9062) with EtOH/ 
KOH see (5).] 

C on oxidn. with KMn 04 yields (3) oxalic acid dihydrate (1:0445). — C on ozonization 
in CCI 4 (3) yields oxalic acid (1:0535) and formic acid (1 : 1005) ; under specified conditions, 
however, a,| 8 -dichloroacrylic acid (3:2265), m.p. 85-86®, has been isolated (3). 

C fails to add maleic anhydride (3). — [For behavior of C with HOBr or with HgO -f 
I 2 -f- MeOH see ( 6 ).] 

8:9657 (1) Klebanskif, Tzyurikh, Dolgoporski!, Bull. acad. acir^U.S.S.R. 1935, No. 2, 189-226; 
Rubber Chem. Tech. 9, 383-408 (1936) ; Cent. 1935, II 3844; C.A. 36, 1259 (1936). (2) KlebanskiK, 
Volkenshtein, Orlova, J. Oen. Chem. (U.S.S.R.) 5, 1255-1267 (1935); Cent. 1936, 1 3414; C.A. 86 , 
1025 (1936); J. prakt. Chem. (2) 145, 1-17 (1936). (3) du Pont Co., Brit. 389,122, April 4, 1933; 
Cent. 1984, II 2609. (4) Petrov, J. Oen. Chem. {U.S.S.R.) 13, 250-256 (1943); C.A. 38, 1467 
(1944). (5) Petrov, J. Oen. Chem. {U.S.S.R.) 18, 102-107 (1943); C.A. 38, 329-330 (1944). 
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3:9058-3:9082 


3:9058 1,3,4,4-TETRACHLOROBUTBNB-l C 4 H 4 CI 4 

(l,l,2,4-Tetrachlorobutene-3) Cl Cl Cl 

Hi=CH— in — <!;h 


BdL SJT. 11 


il 


B.P. 82-83° at 17 mm. (1) 

(For prepn. of C from 1,2-dichloroethylene (3 : 5030) by pol}rmerization in pres, of peroxide 
cat. see ( 1 ).] 

3:9058 (1) Bauor, U.S. 2,267,712, Dec. 30, 1941; C.A. 36, 2564 (1942). 


3:9060 2,3,3,4-TETRACHLOROBUTENE-l a Cl Cl C 4 H 4 CI 4 Beil. S.N. 11 
(l,2,2,3-Tetrachlorobutene-3) I I I 

CH 2 =C — C — CH 2 


B.P. 41-43® at 7 mm. (1) Df = 1.4603 <1) nf? = 1.5133 ( 1 ) 

[For formn. of C (25% yield {!)) from 1,2,3,3,4-pentachlorobutane (3:9070) with MeOH/ 
KOH at room temp, for 2 hrs. (together with 55% yield l,2,3-trichlorobutadiene-l,3 
(3:^9052)) see (1).] 

C on oxidn. with excess aq. KMn 04 yields ( 1 ) a,a,/3-trichloropropiomc acid (3:1275), 
m.p. 48-50®, Neut. Eq. 176.4 (calcd. 177.5) ( 1 ). 

[A liquid, b.p. 90-110® at 25 mm., = 1.473, no “ 1.514, and believed to be a mixt. 
of tetrachlorobutencs, has been obtd. ( 2 ) from monjvinylacetylene + CI 2 ; it may or may 
not have contained C.] 

3:9060 (1) Berchet, Carothers, J. Am. Chem. Soc. 55, 2004-2008 (1933). (2) Rengert, 
Schumacher, Ber 73, 1025-1042 (1940); C.A. 35, 1027 (1941). 

3:9063 l,2,4-TRICHLOROBUTENE-2 C4H5CI3 Beil. S.N. 11 

(l,3,4-Trichlorobutene-2) ^ Cl Cl 

CH2— CH=C— CHz 

B.P. 67-69® at 10 mm. (3) Df = 1.3843 <1) n?? * 1.5176 (1) 

64-65® at 10 mm. (1) 

63-65® at 11 mm. (2) Df = 1.3576 <3) n}? = 1.6131 (3) 

[For formn. of C from 4-chlorobutadiene-l,2 (3:7225) -+■ CI 2 (together with 2 , 3 , 4 - 
trichlorobutene-1 (3:9064) and 1,2,2,3,4-pentachlorobutane) see (1) (2); for formn. of 
C from 2 -chlorobutadiene- 1,3 (Chloroprene) (3:7080) -f CI 2 (together with 2,3,4-trichloro- 
butene-1 (3:9064) and 1,2,2,3,4-pentachlorobutane (3:9070)) see <1) (2) (3).] 

C with EtOH/KOH as directed (3) loses HCl giving l,2-dichlorobutadiene-l,3 (3:9057). 
C on oxidn. with aq. KMn 04 yields ( 1 ) (3) chloroacetic acid (3:1370), m.p. 63®, Neut. 
Eq. 95.1 (calcd. 94.5) ( 1 ). 

3:9062 (1) Carothers, Berchet, J. Am. Chem. Soc. 55, 1628-1631 (1933). (2) Carothers, Berchet 
(to du Pont), U.S. 1,965,369, July 3, 1934; Cent. 1935, I 3724; C.A. 28, 6716 (1934). (3) Petrov, 
J. Oen. Chem. iU.S.S.R.) 13, 102-107 (1943); C.A. 38, 329 (1944). 
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3:9064 2,3,4-TRICHLOROBUTENE-l a Cl Q C4H*C1* BeU. S.N. 11 
(l,2,3-Trichlorobutene-3) 

B.P. 40-41*’ at 10 mm. (1> = 1.3430 {1» n?>® = 1.4044 (1) 

37-41° at 10 mm. (2) 

3a-40° at 6 mm. <2) 

(For formn. of C from 4-chlorobutadiene-l,2 (3:7225) (together with 1,2,4-trichloro- 
butene-2 (3:9062)) especially at low temps., e.g., —60 to —70°, see <1). Note that at 
40-60° C formed by this rcactn. reacts further with the by-product l,2,4-trichlorobutene-2 
(3:9062) to yield (1) as the principal product 1,2,3,3-totrachlorobutane (3:9080) q.v.; for 
formn. of C from 2-chlorobutadienc-l,3 (Chloroprenc) (3:7080) with CI2 see (2) (3).] 

C with alk. as specified (2) gives 2,3-dichlorobutadienc-l,3 (3:5220), b.p. 98° at 760 
mm. (2). 

C on htg. with 2 pts. aq. + calcd. amt. powdered CaCOa for 4 hrs. at 70° fails (4) to 
hydrolyze (diff. from l,2-dichlorobutene-2 (3:5615) or 1 ,3-dichlorobutene-2 (3:5550)]. — 
C does react, however, with hot aq. K2CO3 losing HCl and yielding (4) aim. 100% 2,3- 
dichlorobutadiene-1,3 polymer (4). 

C on oxidn. with aq. KMn04 yields (1) «,/3-dichloropropionic acid, (3:0855), m.p. 49-50°, 
Neut. Eq. 141 (calcd. 143) (1). 

3:9064 (l) Carothers, Borohet, J. Am Chem. Soc 55, 1628-1631 (1033) (2) Carothers, Berchet 

(to du Pont), U.S. 1,965,360, July 3, 1934, Cent 1935, 1 ;i724, C A. 28, 5716 (1934). <3) Coffmann 

(to du Pont), U.S. 1,964,720, July 3, 19:i4, Cent 1934, II 3180; C.A 28,5080 (1934) (4) Tish- 

chenko, J. Gen. Chem. (U.S S.R.) 7, 658-662 (1937), Cent. 1937, II 371; C A. 31, 5754 (1937). 

3:9066 l,3-DICHLORO-2-(CHLOROMETHYL)PROPENE-l C 4 H 6 CI 3 Beil. I — 

CH2CI Ii— 

CH,(UciI ■’-'***> 

i, i, 

B.P, 62-64'* at 9 mm. (1) <2) 

[For formn. of C (together with other products) from 1 ,3-dichloro-2-chloromethyl-2- 
nit^opropane [Beil. l2-(92)] with Na/Hg (2) or from 2-nitro-2-hydroxymethylpropanediol-l,3 
(Beil. I2-(596)J with PCIs (1) see (1) <2).J 

C on cat. hydrogenation with Pt black in ale. yields (2) l,3-dichloro-2-methylpropane 
(3:J960), b.p. 45° at 10 mm. 

C in CHCI3 on shaking with Cl2/aq. adds CI2 yielding (2) l,l,2,3-tetrachloro-2-chloro- 
methylpropane (3:9072), b.p. 99-101° at 12 mm. — C with Br2 in CHCI3 adds Br2 yielding 

(2) l,2-dibromo-l,3-dichloro-2-(chloromethyl)propane, colorless odorless oil, b.p. 140° 
at 10 mm. 

(For reactn. of C with sodio-malonic ester sec (3>.l 

3:9066 (1) Kleinfeller, Ber. 62, 1585-1587 (1929). (2) Kleinfeller, Ber. 62, 1594-1595 (1929). 

( 3 ) Kleinfeller, Frercks, J. prakt. Chem. (2) 138, 195-196 (1933). 


3: 9068 1,1,2,3,4-PENTACHLOROBUTANE C 4 H 6 CI 6 

(Liquid diastereoisomer) Cl 

a,2,M.^Pcntachlorobutane CHr-CH-CII-ifi 
(hquid diastereoisomer)) i (() (j) 


B.P. 95.3-95.5° at 11 mm. (1) 

[See aUo solid diastereoisomer (3:0750).] 


Beil. S.N. 10 
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3:0068-3:9074 


[For prepn. of C (30-60% yield of mixed solid and liquid stereomers (1)) from l,2^ichloro- 
ethylene (3:5030) + 1,1,2-trichloroethane (3:6330) + 1% AICI3 for 5 days at 35-40® 
see (1).] 

C in CCI 4 treated with AICI 3 gives a dark violet soln. which on boilg. evolves HCl ( 1 ). 

C in ale. treated wih Zn dust gives (60% yield (1)) l-<;hlorobutadiene-l,3 (3:7210), 
b.p. 68® <1). 

C dissolved in hot ale. and titrated with iV/10 KOH splits off 1.51-1.59 moles HCl (1). 

[A pentachlorobutane obtained (2) from trichloroethylene (3:5170) -f- 1,1-dichloroethane 
(3:5035) + AICI 3 may or may not be identical with C.] 

3:0068 (l) Prins, Rec. trav. chim. 56, 121—123 ^19.37). (2) Consortium ftir Elektrochem. Ind., 

Brit. 453,414, Oct. 8, 1936; Cent. 1937. I 1012. 

3:9070 1,2,2,3,4-PENTACHLOROBUTANE Cl C 4 H 6 CI 6 BeU. S.N. 10 

(1,2,3,3,4-Pentachlorobutane) I 

H 2 C — CH — C — CH 2 

ii da da d:i 

B.P. 86° at 10 nun. (1) = 1.5543 (1) = 1.6167 (1> 

78-84® at 9 mm. (2) 

82-86® at 6 mm. (2) 

[For prepn. of C from l,3-dichlorobutene-2 (3:5550) by actn. of CI 2 at low temps. (—60 
to —70®), much HCl being evolved and 2,3,4-trichlorobutene-l (3 : 9064) also being formed, 
see <1); note also that chlorination of 4-chlorobutadiene-l,2 (3:7225) gives mixts. of 2,3,4> 
trichIorobutene-1 (3:9064) and l,2,4-trichlorobutene-2 (3:9062) which react further to 
yield C (1).] [For patents on these processes see (2) (3>.) 

C with alk. yields (2) both l,2,3-trichlorobutadiene-l,3 (3:9052), b.p. 34® at 7 mm. (2), 
and 2,3,3,4-tetrachlorobutene-l (3:9060), b.p. 42® at 7 mm. (2). 

3:9070 (1) Carothers, Berchet, J. Am. Chem. Soc. 66, 1628-1 G31 (1933). (2) Carothers, Berchet 

(to du Pont), U.S. 1,965,369, July 3, 1934; Cent 1936, I 3724; C.A, 28, 5716 (1934). (3) Coff- 

mann (to du Pont), U.S. 1,964,720, July 3, 1934, Cent. 1934, II 3180; C.A. 28, 5080 (1934). 

3:9072 l,l,2,3-TETRACHLORO-2- (CHLORO METHYL) PROPANE Beil. I — 

CH 2 CI C 4 H 6 CI 6 Ii— 

ClCIIj— i— CHCI 2 Is-(8») 

d:i 

B.P. 99-101° at 12 nun. (1> 

[For prepn. of C from l,3-dichloro-2-(chloromethyl)propene-l (3:9066) by shaking 
in CHCI 3 with Cl 2 /aq. see (l).l 

3:9072 (1) KleinfeUer, Ber. 62, 1595 (1929). 


3 : 9074 2,3-DlCHLOROBUTENE-l 


a Cl 


i=CH2 


C4H6CI2 


BeU. S.N. 11 


H 

Di* - 1.1319 (1) nj? « 1.4503 (1) 


B.P. 111-113® at 2 mm. (1) 
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[For prepn. of C in 55% yield (1) from 2-chlorobutene-2 (3:7105) by treatment with 
1 mole CI 2 4-1.5 moles NaHCOs at 0® (accompanied by 46% yield 2,2,3-trichlorobutane 
(3:5680)) see (1); with CI 2 in pres, of light and O 2 as directed see (2).] 

8:9074 (1) Tishchenko. J. Gen. Chem, (U.S.S.R.) 8, 1232-1246 (1938); Cent. 1939, II 4223; C.A, 
88, 4190 (1939). <2) Hearne (to Shell Development Co.), U.S. 2,296,614, Sept. 22, 1942; C.A. 
87, 1129 (1943). 

3:9078 l,2,2,3.TETRACHLOROBUTANE Cl Cl Cl C 4 H 6 CI 4 Beil. 1-119 

CHs — (!> — i — ([)H2 

B.P. 63.0-63.5'’ at 11 mm. (1) = 1.4376 (1) = 1.4893 (1) 

[For prepn. (100% yield <!)) from l,2-dichlorobutene-2 (3:5615) with 1 mole CI 2 4- 
1.6 moles NaHCOa at 0® see (1).] 

[The product obtained (2) cf. (3) from 2,2,3-trichlorobutanol-l (3:1336) with PCls may 
have been impure C.] 

3:9078 <1) Tishchenko, J. Gen. Chem. {U.S.S.R.) 8. 1232-1246 (1938); C.A. 33, 4190 (1939). 
(2) GarzaroUi-Thurnlaekh, Ann. 213, 372-373 (1882). (3) Norton, Noyes, Am. Chem. J. 10, 
432 (1888). 


8:9080 1,2.3, 3 .TETRACHLOROBUTANE Cl Cl a C 4 H 6 CI 4 Beil. S.N. 10 

a i 

B.P. 90° at 33 mm. (!) 1^® = 1.4904 {1] = 1.4958 <1) 

55-57" at 10 mm. (1) 

[For formn. of C (together with other products) from l,3-dichlorobutenc-2 (3:5550) 
at 40-60® with CI 2 see (1). Note, however, that at very low temps. (—60 to —70®) much 
HCl is evolved during chlorination and the principal products are then 2,3,4-trichIoro- 
butene-1 (3:9064), b.p. 40-41® at 10 mm. (1), and 1,2,3,3,4-pentachlorobutane (3:9070), 
b.p. 85® at 10 mm. (1).] [For patents on this process see <2) (3).] 

8:9080 (1) Carothers," Berchet, J. Am. Chem. Soc. 65, 1629-1631 (1933). (2) Coffman (to du 
Pont), U.S. 1,964,720, July 3, 1934; Cent. 1934, II 3180; C.A. 28, 6080 (1934). (3) Carothers, 
Berchet (to du Pont), U.S. 1,965,369, July 3, 1934; Cent. 1935, I 3724; C.A. 28, 5716 (1934). 



1,2,8,4-TETRACHLOROBUTANE 
(Solid isomer) 


H H 

CH2 — i — (jy — ( 


CH 2 — C — C — CH 2 

<!a da (!ii 


CiHeCl, 


Beil. I - 119 
Ii-( 38) 
^ — " 


B.P. 139-134" at 40 mm. 

See 3 : 1760. Dimaton A: Solida. 


M.P. 73' 
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3:9082 1, 2, 3, 4-T£TRACHL0R0BnTAN£ (liquid isomer) C 4 H 8 CI 4 Beil. I - 119 
(Butadiene tetrachloride (liquid isomer) ; CH 2 — CH — CH — CH 2 Ii-( 38) 

erythrene tetrachloride (liquid isomer)) (jjl ([jl (j;i (jj — 

B.P. 110 - 111 *’ at 40 mm. (1) (2) 


For formn. and reactns. see solid form, m.p. 73® (3 : 1760). 

3 : 9082 (1 } Muskat, Northnip, J. Am. Chem. Soc. 52, 4053-4055 (1930) . (2) Muskat (to du Pont), 
U.S. 2,038,593, Apr. 28, 1936; CerU. 1936, II 3359; C.A. 30, 3912 (1936). 


3:9084 l,l,3-TRICHLORO-2-(CHLOROMETHyL)PROPANE C 4 H«Cl 4 BeU.l — 

CH 2 CI Ii— 

ClCHi!— (LcHa, I«-(89) 

B.P. 77-80“ at 9 mm. ( 1 ) 

Oil with odor like CCI 4 but with irritating actn. on eyes. — Volatile with steam. 

[For formn. of C in small amt. (together with other products) from 2-nitro-2-hydroxy- 
methylpropanediol-1,3 (nitro-isobutylglycerol) with PCls see (1).] 

3:9084 (1) Kleinfeller, Ber. 62, 1585 (1929). 


3 : 0086 l,l,3.TRICHLOROBUTANE 


B.P. 160® at 720 mm. (1) 


Cl 


CHa— (f;— C 

k 


C4H7CI3 

H2.CHCI2 


Beil. S.N. 10 


A trichlorobutane which may have this structure has been reported (1) when vinyl 
chloride (3:7004) + AICI 3 at 20® reacts with the material obtd. from ethylidene dichloride 
(3:5035) + AICI 3 + chlorinated ethylenes. 

3:9086 (l) Consortium fur Elektrochera. Ind., Brit. 453,414, Sept. 10, 1936; Cent. 1937, 1 1012; 
C.A. 31, 1046 (1937). 


d,f-a,a'-DICHLOROSUCCINYL (DI)CHLORIDE C 4 H 2 O 2 CI 4 

co-a 

H— i— a 
a-^H 
io-ca 

B.P. 78.6" at 7 mm. M.P. 39“ 


Beil, n — 

Hi- 

ai-(668) 


See 3 : 0395. Division A: Solids. 



a: 8087-3:9098 


DIVISION C 


1250 


3: 9087 mes»oK«'-mCHLOROSUCCmYL(Dl)CHLORIDE G 4 HiOia 4 BeU. n - 619 

CO— Cl ni-( 867 ) 

H-t-a 

H — ^ — Cl 


io— c] 


B.P. 105-106** at 46 mm. ( 1 ) 
85-86** at 22 mm. <1) 
79-80® at 16 mm. (2) 


Colorless viscous lachrymatory oil. 

[For prepn. of C from fumaryl (di)chloride (3:5875) in CCI 4 soln. with CI 2 in direct 
sunlight (100% yield (3)) (1) (2) see indie, refs.) 

C with aq. reacts only very slowly on mere standing (1), but on continuous shaking 
with cooling readily hydrolyzes yielding ( 1 ) ( 2 ) mgso-a,a'-dichlorosuccinic acid (3:4930). 

[C with CftHe + AICI3 gives (60% 3 n[eld <3)) mesol,2-dichloro-l,2-dibenzoylethane 
(mg 5 o- 2 , 3 -dichloro-l, 4 -diphenylbutandione-l, 4 ), ni.p. 167® (4) (5), accompanied under 
certain conditions (3) by some a,/ 3 -dichloro-Y, 7 -diphenylbutyrolacctone, m.p. 141-142° (3), 
presumably arising from reactn. of C in the unsymmetrical (phthalide type) form.] 


3:9087 (l) Michael, Tissot, J. prakt. Chem. (2) 46 , 394-395 (1892). (2) Holmberg, J. prakt, 

Chem. (2) 84 , 148 (1911). (3) Lutz, J. Am. Chem. Soc. 49 , 1109-1110 (1927). (4) Conant, 

Lutz, /. Am. Chem. Soc. 47 , 885-886 (1925). <5) Lutz, J. Am. Chem. Soc. 48 , 2908, 2911 (1926). 


3: 9088 7 -CHLOROACETOACETYL CHLORIDE C 4 H 4 O 2 CI 2 Beil. HI — 

( 7 -Chloro-/?-keto-n-butyryl chloride) CH 2 — C — CH 2 — C=0 HIi — 

I I I HIz- 

C1 O Cl 

B.P. 117-119° at 17 mm. ( 1 ) Df = 1.4397 <1) n|? * 1.4860 (1) 

93-96® at 8 mm. ( 1 ) 

Orange-colored liq. which fumes in air. 

[For prepn. of C from acetylketene (ketene dimer) ( 2 ) (3) with CI 2 in cold CCI 4 soln. 
see ( 1 ).] 

C with aq. yields chloroacetone (3:5425) + CO 2 + HCl (note that this method gives 
chloroacetone free from higher chlorination products (3)). 

[C with excess abs. EtOH at 0® gives ( 1 ) <3) ethyl 7 -chloroacetoacetate (3:6375).] 

C with aniline in CsHe yields ( 1 ) <3) 7 -chloroacetoacetanilide, cryst. from ether, m.p. 
140-141® (1). 

3:9088 <1> Hurd, Abernathy, J. Am. Chem. Soc. 62 , 1147-1148 (1940). (2) Hurd, Williams. 

J. Am. Chem. Soc. 68 , 962-9^ (1936). (3) Boese, Jnd. Eng. Chem. 32 , 16-22 (1940). 


3:9092 DIGLYCOLOYL DICHLORIDE Cl C 4 H 4 O 3 CI 2 

CHr- (!!==0 


BeiL S.N. 220 


/ 

\ 


CH,-C=0 

k 


B.P. lie* St 12 mm. (1) 
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3:909S>3:9096 


Colorless oily liq. with odor suggesting succinyl dichloride (3 :6200). 

[For prepn. of C from diglycolic acid (1:0495) by susp. in CHCI3 and treatment with 
PCI5 see (1) (note also that insufficient PClg leads (1) to diglycolic anhydride, m.p. 97®, 
b.p. 120® at 12 mm. (3)); for mfg. from a,a'-dichlorodimethyl ether (3:5245) by treatment 
at 25-50® and elevated press, with CO and suitable catalysts such as AICI3 or ZnCl2 see 
(2>J 

C with excess MeOH yields (1) (3) dimethyl diglycolate, m.p. 35® (3), 36® <1). 

C with aq. readily hydrolyzes (1) yielding diglycolic acid (1:0495); for the anilide, p- 
toluidide, and other derivs. corresp. to 0 see the acid (1 :0495). 

3:9092 (l) Anschutz. Bicrnaux. Ann. 273, 64-66 flSOS). (2) Scott (to du Pont Co.), U.S. 
2,084,284, June 15, 1937; Cent. 1937, II 2261; C.A. 31, 5383 (1937). (3) Darapsky, Stauber, 

J. prakt. Chem. (2) 146, 212 (1936). 


3:9094 a,a,7-TRICHL0R0-n-BUTyRALDEHYDE Cl C4HBOCI3 BeU. 1-666 

CHi— CHr-<!>-CHO 

i i, 


No physical consts. on C are reported; it is characterized only as a liquid which at —78® 
becomes a glassy solid (I). — Spar. sol. aq. (1). 

[For prepn. of C from a,7“dichlorocrotonaldehyde [Beil. 1-731], with dry HCl gas at 
0® see [!).] 

C oxidizes only very slowly in air but with fumg. HNO3 in cold gives (1) a,a,7-trichloro- 
n-butyric acid (3:1831), m.p. 73-75® (1). 

C does not add aq. to form a hydrate but on shaking with satd. aq. NaHSOa soln. evolves 
heat and ppts. a NaHSOs cpd. (1). 

C on boilg. with aq, contg. BaCOa gives an amorphous prod., very easily sol. in aq. and 
possessing carbohydrate characteristics; for details see (2). 

3:9094 <1) Natterer, Monatsh. 4, 651 (1883). (2) Natterer, Monatsh. 5, 251-256 (1884). 


3:9096 METHYL a-CHLOROACRYLATE Cl C4H6O2CI BeU. S.N. 163 

CH,=^^OOCHs 

B.P. 67-69° at 66 mm. (1> = 1.189 (1) nf? = 1.44SO <11) 

41-44° at 28 mm. (U) 1.4400 (1) 

[For prepn. of C from methyl o,^-dichloropropionate (3 : 9103) by distn. with quinoline 
(yield: 73% (1), 60% (11)) or other dehydrochlorinating agent such as Na2C03 (2) see 
indie, refs.; from trichloroethylene (3:5170) with CH2O -[* MeOH H2SO4 4- CuCOs 
as directed (73% yield) see (10).] 

[C readily polymerizes on standing, especially in light or pres, of peroxides (for study 
of polymers and polymerization see (1)). For examples of industrial prepn. and use of 
polymers of C for molding resins, etc., see (3) (4) (5) (6); for examples of co-polymers of 
C with butadiene-1,3 or chloroprene (7), styrene (8), or vinyl acetate (9) see indie, refs.] 

[For comments on other esters of C see of-chloroacrylic acid (3:1445).] 

[For study of ester interchange of C with various alcohols see (11).] 

3:9096 (1) Marvel, Cowan, J. Am. Chem. Soc. 61, 3156-3160 (1939). (2) Pollack (to Pittsburgh 

Plate Glass Co.), U.S. 2,246,647. June 10, 1941; C.A. 35, 5908 (1941); Brit. 536,806, May 28, 
1941* C.A. 36, 1614 (1942). (3) R6hm <& Haas Co., Brit. 411,860, June 13, 1934; Cent. 1935, 
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I 1528-1629; C.X. 28, 6956 (1934). (4) Ireland, Brit. 627.494, Oct. 10. 1940; C,A, 85» 7066 
(1941). (6) Strain, PoUack (to Pittsburgh Plate Glass Co.). U.S. 2.247,790, July 1. 1941; C,A, 
36, 6362 (1941). (6) PoUack (to Pittsburgh Plate Glass Co.), U.S. 2,282.088, May 6, 1942; 
C.A. 36, 6922 (1942). (7) Anderson, HUl. Morgan (to Imperial Chem. Ind., Ltd.), Brit. 614,912, 

Nov. 21. 1939; C.A. 36, 4996 (1941). (8) Arnold (to du Pont Co.), U.S. 2,268,177, Dec. 30, 
1941; C.A. 36, 2660 (1942). <9) Crawford. McLeish (to Imperial Chem. Ind.. Ltd.). U.S. 2,286,- 

264; C.A. 36, 7188 (1942). (10) Roberts (to Imperial Chem. Ind., Ltd.), U.S. 2,379,104, June 26. 
1946; C.A, 89, 4621 (1946); McLeish, Crawford (to Imperial Chem. Ind., Ltd.), Brit. 614,619. 
Nov. 14. 1939; C.A. 36, 4396 (1941); Mead (to Imperial Chem. Ind., Ltd.), Brit. 660,863, Jan 27; 
1943; C.A. 38, 1761 (1944): Roberts (to Imperial Chem. Ind., Ltd.), Brit. 660,864, Jan. 27. 1943, 
C.A. 38, 1761 (1944). 

(11) ^ank, David, Drake, McPherson, J. Am. Chem. Soc. 66, 1509-1610 (1944). 


3:9098 ACETOACETYL CHLORIDE C 4 H 6 O 2 CI Bea.m — 

(/3-Keto-w-butyryl chloride) CHs — C — CH 2 — C==0 IHi — 

I h 

This compound cannot be preserved at temperatures above —20® <1) cf. (4); m.p. —60 
to -51® (1). 

[For prepn. of C from acetylketene (ketene dimer) (2) (3) <5) with dry HCl gas at —7 
to —60® see (I).] [For anal, of C by reactn. with dil. alk. see (l).l 
C on warming to room temp, undergoes bimolecular condensation with elimination of 
2 HCl and yields (1) dehydroacetic acid (1:0700), m.p. 109®. 

C in dry ether at —60® treated with abs. EtOH gives (27% yield (1)) ethyl acetoacetate 
(1:1710). 

C in dry ether at —60® treated with aniline gives (49% yield (1)) acetoacetanilide [Beil. 
XII-618, XIIi- (275)1, ro.p. 85®; note, however, that C with aniline at room temp, yields 
l-phenyl-2,6-dimethylpyridone-4-carboxylic acid-3 (l-phenyUutidonecarboxylic acid-3) 
[Beil. XXII-303], m.p. 260-265® dec., Neut. Eq. calcd. 243, found 235 (1). 

C with CeHe + AICI 3 or with CeHsMgBr in ether at —50® gives (27% and 12% yield 
respectively (1» benzoylacetone (1:1450), m.p. 69® (1). 

3:9668 (1) Hurd, Kelso, /. Am. Chem. Soc. 62, 1648-1549 (1940). (2) Hurd, Abernathy, J. Am. 

Chem. Soc. 62, 1147-1148 (1940), (3) Hurd, Williams, J. Am. Chem. Soc. 68, 962-968 (1936). 

(4) Staudinger, Schota, Ber. 63, 1109 Note 1 (1920). (5/ Boese, Jnd. Eng. Chem. 32, 16-22 (1940). 


3:9098-A METHYL (CHLOROFORMYL) ACETATE C 4 H 6 O 3 CI 
(Carbomethoxyacetyl chloride) COOCH3 

in,— c— Cl 

BJ>. 07-59* at 12 mm. (1) 

[See ako ethyl {chl^oformyl)acet(Ue (3:9246).] 

Note that C is both an acid chloride and an ester; it comprises the half acid chloride/ 
half methyl ester of malonio acid (1 : 0480). 

[For prepn. of C from potassium salt of methyl hydrogen malonate with SOCI 2 in dry 
ether (68% 3 rield) see (1).] 

C on htg. or on repeated distn. or by action of quinoline in dry ether at 0® loses HCl and 
undergoes condensation to methyl 6-methoxy-2,4-diketo-2,3-dihydropyran-3-carboxylate 
(BeU. XVIIIi-(540)], ndls. from CHCh, m.p. 148-150® (1) cf. (2). 


Beil, n - 582 

111- (252) 

11 2 - 
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O a)-(Carbomethoxyacet)anilide: ndls. from ether/pet. eth., imp. 42-43"* (1). [From 
C with aniline <1).] 

a)-(Carbomethoxyacet)-^-toluidide: unreported. 

3:9tMI8-A (1) Staudinger, Becker, Ber. 50, 1019-1020 (1917). (2> Leuchs, Ber. 30, 2643 (1906), 


(A) 

3:9099 ^-HyDROXYETHYL HOCH2CH2— O— CO.CCI3 C4H60«Cl3 Beil. S.R. 160 


TRICHLOROACETATE 


2691 

(2-Hydroxy- 2- (trichloromethyl)-l ,3- 

CH2-O OH 


dioxolane) 

1 X 

(B) 

B.P. 130-140® at 12 mm. (1) 

CH2— 0 CO, 

ng - 1.4762 (3) 

89® at 1.76 mm. <2) 

83® at 0.8 mm. (2) 

- 1.632 

ng = 1.48378 (2) 

68® at 0.026 mm. (3) 


1.4776 (3) 


Note that C may react either in the eater form (A) or the dioxolane form (B) and doubt- 
less exists as a tautomeric equilibrium of both; in this equilibrium, however, form (A) 
probably predominates (2), but variations in the equilibrium may account for the observed 
variation in nf? (see above). 

Colorless odorless oil, spar. sol. aq. (2). — C on long stdg. is claimed (2) to dispropor- 
tionate to ethylene glycol &is-(trichloroacetate) (not, however, otherwise described in the 
literature) and ethylene glycol (1:6465). — C on attempted distn. at usual water-pump 
vac. (14-17 mm.) (3) or C in presence of a trace of pyridine (3) decomposes yielding mono- 
meric ethylene glycol carbonate [Beil. XIX-100], m.p. 38®, and CHCb (3:5060). 

[For prepn. of C from ethylene glycol (1:6465) with trichloroacetyl chloride (3:5420) 
in 1,4-dioxane soln. (82% yield (2)) or from ethylene oxide (1:6105) with trichloroacetic 
acid (3:1150) (28% yield based on latter (1) (3)) see indie, refs.) 

C on shaking with aq. and simultaneously titrating with N/10 aq. NaOH hydrolyzes to 
ethylene glycol (1:6465) and trichloroacetic acid (3:1150) as shown by Sap. Eq. of 207.8 
(2) (calcd. 207.5). 

[C with diazomethane (1) best in CCI4 soln. (2) gives (yields: 78% (2), 39% (1)) the 
methyl ether corresp. to structure (B), viz., 2-methoxy-2-(trichloromethyl)-l,3-dioxolane, 
pr. tbis. from ale., m.p. 78-78.5® <1), 77-78*» <2) (4), b.p. 114r-115® at 12 mm. (4), 112-113® 
at 10 mm. (1); this product although resistant to saponification by alkalies is hydrolyzed 
by dil. acids (4). — Note that the isomeric methyl ether corresponding to structure (A), 
viz., /3-methoxyethyl trichloroacctate, although not obtainable from C, has nevertheless 
been prepd. (82% yield (4)) from /3-methoxyethanol (methyl “ cellosolve ”) (1:6405 
with trichloroacetyl chloride (3:5420), has quite different physical props., viz., m.p. 14.6- 
14.8® <4), b.p. 92-93® at 10 mm. (4), and is easily hydrolyzed <4) on shaking with aq. alone 
to /9-methoxyethanol (1:6405) and trichloroacetic acid (3:1150). — Note also that the 
first of the above two methyl ethers, i.e., 2-methoxy-2-(trichloromethyl)-l,3-dioxolane, by 
<rons^terification with alcohols (e.g., EtOH <2), n-PrOH (4), n-BuOH (2)) can be con- 
verted to its higher homologs.] 

C with acid chlorides gives esters corresp. to the acylic structure (A) : e.g., C with AcCl 
(3:7065) gives (71% yield (4)) the mixed ester, ethylene glycol acetate-trichloroacetate 
(/5-acetoxyethyl trichloroacctate) b.p. 122® at 11 mm. (4); C with SOCI2 gives (70% yield 
(4)) /9-chloroethyl trichloroacctate (3:6510). 

3:9093 <1) Meerwein, Hina, Ann. 484, 16-17 (1930). (2) Meerwin, S5nke, /. prakL Chem, (2) 
137, 295-298, 308-311 (1933). (3) Hibbert, Grieg, Can. J. Research 4, 261-263 (1931). (4) 

Meerwin, Sdnke, Ber. 64, 2375-2381 (1931). 
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3:0100 d,t-/3-CEL0R0-it-B0TYRYLCBL0RIDB CtHgOClz Beil. U - 278 

CH3.CH.CH2.C=0 Hi— 

h k 

B.P. 67-60° at 41 mm. {!> “ = 1.2163 (4) ng* = 1.4625 (3) 

65-67° at 40 mm. (2) <3> 1.4511 (4) 

51-53° at 21 mm. (4) ( 6 ) 

40-41° at 12 mm. (2) 

[For prepn. of C from /3-chloro-n-butyric acid (3:0035) with SOCI2 (4) (6) (3) (90% yield 
<2)) see indie, refs.; from n-butyryl chloride (3:7370) with SO2CI2 + dibenzoyl peroxide 
in CCI4 (55% yield C + 15% a- (3:5570) and 30% 7- (3:5970) isomers <3)) or with CI2 
in CCI4 (1) see indie, refs ] 

[C with methyl p-tolyl ether (1 : 7495) + AICI3 in CS2 yields (4) 3- (/3-chloro-7i-butyryl)-4- 
methylphenol (b.p. 167-170° at 20 mm. (4)) which in ale. soln. on addn. of dil. Na2C03 
loses HCl yielding 2,6-dimethylchromanone, m.p. 54-55° (5).] 

C with benzene + AICI3 in CS2 yields (6) (by Friedel-Crafts reactn. of both halogen 
atoms) /J-phenylbutyrophenone (phenyl /3-phenyl-w-propyl ketone) [Beil. VII-453], m.p. 
74° (6). 

C on hydrolysis with aq. yields /3-chloro-n-butyric acid (3:0035) q.v. (note, however, 
that hydrolysis with alk. will cause loss of HCl and formn. of crotonic acid (1:0425). 

For the anilide, p-toluidide, and other derivs. corresp. to C sec /8-chloro-n-butyric acid 
(3:0035). 

3:9100 (1) Michael, Ber. 34 , 4052 (1901). (2) Abderhalden, Floischmann, Fermentforschung^ 
10 , 203 (1928); Cent. 1020 , I 2318; C.A. 23 , 1388 (1929). (3) Kharasch, Brown, J. Am. Chem. 

Soc. 62 , 928 (1940). (4) von Auwers, Ann. 421 , 37-39 (1921). (5) von Auwers, Ber. SZ, 128 
(1919). (6) von Auwers, Muller, J. prakt. Chem. (2) 137 , 128 (lOSS"). 


3:9101 /3-CHLORO-ISOBUTYRYL CHLORIDE C 4 H 6 OCI 2 Beil. 11-295 

CH2— CH-C =0 Hi— 

ii inj Cl 

B.P. 171-1718° at 766 mm. (1) ng® = 1.4643 ( 2 ) 

161-163° ( 2 ) 

Because of the serious disagreement in b.p. and the lack of data to decide between them, 
C is placed in this division. 

[For prepn. of C from isobutyryl chloride (3:7270) with CI2 in CCI4 soln. (30-40% yield 
C + 60-70% a-isomer (3:5385) (1)), with CI2 in activating light (3) (6), or wdth SO2CI2 -f- 
dibenzoyl peroxide in CCI4 (80% yield C -f- 20% a-isomer (3:5385) (2)), see indie, refs.; 
for formn. of C from phosgene (3:5000) H- propylene -f cat. see (5).] 

C as liq. with dehydrohalogcnating cat. loses HCl giving (4) a-mcthacryloyl chloride. 

C with aniline gives (1) (2) /3-chloro-isobutyranilide, m.p. 109.0-109.5° (2), 104-105° (1); 
note that the isomeric a-dichloro-isobutyranilide has m.p. 71-71.5° (2), 69-70° (1). 

8:9101 ( 1 ) Michael, Garner, Ber. 34 , 4054-4055 (1901). (2) Kharasch, Brown, J. Am. Chem. 

Soc. 63 , 925-929 (1940). (3) Schmidt, Schloffer (to I.G.), Ger. 738,398, July 15, 1943; C.A. 38 , 

3992 (1944). (4) I.G., French 873, 389, July 7, 1942; Cent. 1043 , II 2535; not in C.A. <5) Reid 

(to du Pont Co.), U.S. 2,028,012, Jan. 14, 1936; Cent. 1936 , II 866; C.A. 30 , 1387 (1936). (6) 
Schmidt, Schloffer (to I.G.), Ger. 738,398, July 15, 1943; C.A. 88 , 3992 (1944). 
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3:0102 a,^-DICHLORO.n-BUTYRALDEHYDE C 4 H 6 OCI 2 BeU. I — 

(Crotonaldehyde dichloride; Cl Cl — 

2,3-dichlorobutanal-l) CIL C C C HQ l2-(734) 

k k 

B.P. 58-60’’ at 20 mm. (1) = 1.2666 (1) ng = 1.4618 (1) 

48-40° at 13 mm. (2) 2>i® = 1.2716 (1) 

Colorless liq. with odor suggesting chloral. — C on exposure to light or on distn. at ord. 
press, turns brown and decomposes with evoln. of HCl. — C is insol. aq.; sol. ale., ether, 
CHCI3, or CCI4. 

(For prepn. of C from crotonaldehyde (1:0150) with CI2 directly at —5° (3) cf. <4), or 
in CCI4 soln. at 0° (98% yield (1)), or in CS2 in freezing mixt. (2) see indie, refs.] 

C with NaHSOa soln. gives (2) a crystn. addn. compound. 

[C in MeOH contg. 1% HCl gas refluxed 4 hours gives (40% yield (5)) a,/8-dichloro-n- 
butyraldehyde dimethylacetal, oil, b.p. 86-90° at 13 mm., = 1.179, n}> ® — 1.4498 (5); 
note that the presumably corresp. behavior of C with EtOH and the a,j8-dichloro-n-butyral- 
dehyde diethylacetal are unreported.] 

(C with ethylene glycol (1:6465) at 100° for 1 hour even in absence of cat. gives (50.3% 
yield (3)) corresp. cyclic acetal, viz., 2-(a,/3-dichloro-n-propyl)-l,3-dioxolane, b.p. 100-105° 
at 13-15 mm. (3).] 

[C with aq. NaOAc on distn. with steam splits out 1 HCl giving (70-80% 5deld (6» 
<1) J3) (7) a-chlorocrotonaldehyde (3:8117), b.p. 147-150° at 760 mm. (3).] 

(C with EtMgBr in dry ether followed by usual hydrolysis gives (80% yield (2)) 4,5- 
dichlorohexanol-3 [Beil. M39], b.p. 88-93° at 12 mm., D4® = 1.1685, ni> = 1.4709 (2). — 
Similarly, C with CeHsMgBr gives (66% yield (2)) a,/3-dichloro-ri-propyl-phenyl-carbinol, 
b.p. 162-168° at 14 mm., Dl^ = 1.2355, n}? = 1.5500 (2).] 

(Note that suitable oxidn. of C would be expected to yield cither or both crotonic acid 
dichloride (3:1375), m.p. 63°, or isocrotonic acid dichloride (3:1903), m.p. 78°, but that 
such oxidation has not actually been reported.] 

[For use of C as component of insecticides sec <8).] 

a,j8-Dichloro-n-but3rraldoxime: oil, not further characterized (2). 

a,/3-Dichloro-n-butyraldehyde phenylhydrazone : unreported. (Note, however, that 

C reacts vigorously with phenylhydrazine (2).] 

® a,/3-Dichloro-7i-butyraldehyde semicarbazone : m.p. 96-97° (2). 

3:9102 (1) Moureu, Murat, Tampier, Bull. soc. chim. (4) 29 , 31-32 (1921). <2) Helferich, 

Besler, Ber. 57 , 1277-127S (1924). (3) Hibbert, Houghton, Taylor, J. Am. Chem. Soc. 51 , 613 

(1929). (4) Zeisel, Monatsh, 7 , 360 (1886). (5) Naftali, Bull, see chim. (5) 4 , 338 (1937). 

f6) Chattaway, Irving, Outhwaite, J. Chem. Soc. 1933 , 994. (7) Chem. Fabrik vorm. Weiler- 

ter-Meer, Ger. 351, 137, April 3, 1922; Cent, 1922 , IV 155; not in C.A. (8) Soc. des Usines Chim. 
Rh6no-Poulenc, Ger. 528, 194, June 26, 1931; Cent. 1931 , II 1910; [C.A. 25 , 4653 (1931)]. 

3 : 9103 METHYL d,f-a,/3-DICHLOROPROPIONATE C 4 H 6 O 2 CI 2 Beil. S.N. 162 

CH2— CH~C00CH3 

k k 

B.P. 72-75° at 21 mm. (1) 

(For prepn. of C from technical methyl acrylate (1 : 3025) in MeOH soln. below 40° by 
treatment with CI2 (85% 3deld) see (1 ).] 
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C on distn. with quinoline (2), with dimethylaniline (1), with quinaldine <1), or with 
other dehydrohalogenating agents (such as Na2C03 (3)) (4) loses HCl giving (73% yield 
{2)) methyl occhloroacrylate (3:9096). 

C on boilg. with 20% HCl hydrolyzes (1) yielding MeOH (1:6120) and a,/3<dichloro- 
propionic acid (3:0865) q.v. 

8:9163 (1) Marvel, Dec, Cooke, Cowan, J. Am. Chem. Soc. 62 , 3495-3498 (1940). (2) Marvel, 
Cowan, J. Am. Chem. Soc. 61 , 3158 (1939). (3) Pollack (to Pittsburgh Plate Glass Co.), U.S. 

2,246.647, June 10, 1941; C.A. 35 , 6908 (1941); Brit. 536,806, May 28, 1941; C.A. 86 , 1614 (1942). 
(4) Bauer, Lauth (to lldhm, Haas Co.), Ger. 648,820, June 23, 1937; Cent. 1937 , II 2072. 


3:9105 2,3-DICHLORODIOXANE 


O 


HsC'^ ^CHQ 

Hzi inci 


V 


C4H,02Cl2 


B.P. 100-101® 

at 24-25 mm. 

(1) 

M.P. 30° <2) 

97-98° 

at 20 mm. 

<2) 

88-30° {4) <9) 

88-89® 

at 16-17 mm. 

(3) 


86® 

at 15 mm. 

<4) 


83° 

at 14 mm. 

(6) 



Beil. S.B. 8668 


C is theoretically capable of existing in cia and trans forms; collateral evidence exists 
that both may actually be present, but they have not yet been isolated as such. 

Although comml. C is liq. extremely pure samples may, after inoculation (9), be obtd. 
in cryst. form. 

(For prepn. of C from 1,4-dioxane (1 :64(X)) by actn. of CI2 at 90® in presence of catalyst 
such as SnCh or I2 (96.6% yield (6)), or with CI2 at 90® for 16 hrs. without catalyst (61% 
yield <4)), see (6) (4) <7).] 

[For studies of further chlorination of C see (3) <8); for studies of reaction of C with 
alcohols and phenols see (5) (9) (2) <10) <11) (17); for studies of reaction of C with R.MgX 
cpds. see (12) (13) (4) (14) (15); for reaction of C with Mg -f I2 yielding dioxadiene see 
(16).] 

C on boiling with aq. for 10 min. gives clear soln. containing hydrolysis products, viz., 
ethylene glycol (1:6465) and glyoxal. After cooling, making alk., and shaking with BzCl 
the former can be converted to ethylene glycol dibenzoate (1 :2293), extracted with ether, 
recrystd. from MeOH, m.p. 73® (70-72° (3)); another portion of the aq. soln. of hydrol3rsis 
products gives on treatment with p-nitrophenylhydrazine hydrochloride a 97% yield of 
glyoxal-p-nitrophenylosazone, yel. cryst., m.p. 306° (310°) (3). 

8:9195 ( 1 ) M6dard, J. chim. phys. 33 , 627 (1936). (2) Baker, Shannon, J. Chem. Soc. 1933 , 1598. 
(3) Butler, Cretcher, J. Am. Chem. Soc. 54 , 2987-2988 (1932). (4) Summerbell, Bauer, J. Am. 

Chem. Soc. 57 , 2365 (1935). (5) Bdesekon, Tcllegen, Henriquez, Rec. trav. chim. 50 , 909-914 

(1931). (6) Kucera, Carpenter, J. Am. Chem. Soc. 57, 2346-2347 (1935). (7) Lintner, Scheuer- 

man (to I.G.), Ger. 705.435, March 20, 1941; C.A. 36 , 1955 (1942); Ger. 717,953, Feb. 12, 1942; 
C.A. 88, 2350 (1944). (8) Bdeseken, Tellegen, Henriquez, J.Am. Chem. Soc. 55 , 128^1288 U933). 
(9) Bdeseken, Tellegen, Maltha, Rec. trav. chim. 53 , 1067-1072 (1933). (10) Bdeseken, Tellegen, 
Plusje, Rec. trav. chim. 57 , 73-78 (1938). 

(11) Tellegen, Rec. trav. chim. 57 , 667-672 (1938). (12) Summerbell, Christ, J. Am. Chem. 

54 , 3777-3778 (1932). (13) Christ, Summerbell, J. Am. Chem. Soc. 55 , 4547-4548 (1933). 

(14) Summerbell, Bauer, J. Am. Chem. Soc. 58 , 759-761 (1936). (15) Summerbell, Umhoefer, 
J. Am. Chem. Soc. 61 , 3016-3019 (1939). (16) Summerbell, Unhoefer, J. Am. Chem. Soc. 61 , 

3020-3022 (1939). (17) McNally, Schmitt (to Eastman Kodak Co.), U.S. 2,069,962, Feb. 9, 

1937; Cent. 1937 , I 4056. (18) Bitler, NichoU (to Kay-Fries Chemicals, Inc.), U.S. 2,327,865, 
Aug. 24, 1943; C.A. 38 , 752 (1944). 
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3:9107 U-HTDROXTETHYLDICHLOROACETATE C4Hii03a2 (A) BeU. S.N. 160 
(2-Hydroxy>2-(dichloromethyl}-l,3-dioxolane) Beil. S.II. 2691 


H0CH*.CHs.0.C0.CHCl2 


(A) 

B.P. 106” at 0.08 mm. (1) (3) 
82” at 0.6 mm. (2) 
81-82° at 0.6 mm. (2) 



= 1.438 (2) n|>® = 1.4730 (1) 

1.429 (2) 

nl,® = 1.4743 (3) 
ng = 1.47345 (2) 
1.47253 (2) 


Note that C may react either in the acyclic ester form (A) or the dioxolane form (B) 
and doubtless exists as a tautomeric equilibrium of both; in such an equilibrium, however, 
form (A) greatly predominates (2); but variations may account for the variation in constants 
(see above). 

Colorless oil, spar. sol. aq. — C on long stdg. is claimed (2) to disproportionate to ethylene 
glycol W5-(dichloroacetate) (not, however, further described in the literature) and ethylene 
glycol (1:6465). 

[For prepn. of C from ethylene glycol (1:6465) with dichloroacetyl chloride (3:5290) 
in 1,4-dioxane soln. (75% yield (2)) or from ethylene oxide (1:6105) with dichloroacetic 
acid (3:6208) (yields: 34% (2), 15% (IJ) see indie, refs.] 

C on shaking with aq. and simultaneously titrating with N/IO aq. NaOH hydrolyzes 
to ethylene glycol (1:6465) and dichloroacetic acid (3:6208) as shown by Sap. Eq. of 
170.8 (2) (calcd. 173). 

[C with diazomethane gives not only the methyl ethers of both forms (A ) and (B) but 
also other unexpected products including ethylene glycol (1 : 6465), ethylene glycol dimethyl 
ether (1:6141), methyl dichloroacetate (3:5655), etc Note that the methyl ether of 
structure (B), viz., 2-methoxy-2-(dichloromethyl)-l,3-dioxolane, has b.p 91-92.5® at 
9 mm, (2), = 1.387 (2), = 1,47032, and is stable to aq. alk.; that corresp. to the 

acyclic structure (A), viz., /3-methoxyethyl dichloroacetate (methyl-** cellosolve " dichloro- 
acetate), best prepared (100% yield (2)) from ^-methoxyethauol (1:6405) with dichloro- 
acetyl chloride (3:5290) in CHCI3), has b.p. 55-56® at 0.5 mm. (2), Dj® = 1.309 (2), 
= 1.45157 (2).] 


3:9107 (1) Allen, Hibbert, J, Am. Chem. Soc. 56 , 1399 (1934). (2) Meerwein, Sonke, J. prakL 
Chem. (2) 137 , 298-301, 311-310 (1933). (3) Hibbert, Greig, Can. J. Research 4 , 262 (1931). 


3:9109 a-CHLORO-n-BUTYRALDEHYDE C4H7OCI Beil. S.N. 87 

(2-Chlorobutanal-l ) CH3.CH2.CH.CHO 

ii 

No record of this compound can be found in the literature. However, for the isomeric 
/S-chloro-n-butyraldehyde (3:9110), 7-chlorcwi-butyraldehyde (3:9111), and a-ohloro- 
isobutyraldehyde (3:7235) see indie, refs. 
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3:9110 /S-CHLORO-n-BUmtALDEHYDE CfHTOa Beil. I — 

(3-Chlorobutanal-l) CHs.CH.CH2.CHO Ii— 

^ l2-(7»4) 

BJ>. 28-33* at 13 mm. (1) 

[See also the trimer of C (3:2650).] 

Spar. sol. aq. but misc. with org. solvents. 

[For prepn. of C from crotonaldehyde (1:0150) with 1 mole HCl in ether (50% yield) 
see <!}.] 

C is difficult to preserve because of rapid polymerization to its trimer, para-^-chloro-n- 
butyraldehyde (3:2650), m.p. 96-07°. [The product supposed by (2) to have been C was 
actually (1) this trimer.] 

[C with 3 moles acetaldehyde (1:0100) in the cold gives (53% yield (1)) 2,4-dimethyl- 
6-(/9-chloro-n-propyl)trioxane-l,3,5 [Beil. S.N. 2952], b.p. 83-85° at 13 mm., Dj® = 1.0937, 
1.4373 (1).] 

[C with excess EtMgBr yields (1) 5-chlorohexanol-3 [Boil. I2-(438)J b.p. 78-79° at 13 
mm., DI® = 1.0012, nj? = 1.4433 (1), together with other products.] 

C with methylhydrazine in dry ether yields (3) 1,5-dimethylpyrazoline, b.p. 124-132® 
(picrate, m.p. 112-113° (3)). 

3:9110 (1) Helferich, Besler. Ber. 57 , 1280 (1924). (2) Kekul6, Ann. 162 , 100-102 (1872). 
(3) von Auwers, Heimke, Ann. 458 , 204 (1927). 


3:9111 y-CHLORO-n-BUTYRALDEHYDE C4H7OCI Beil. S.N. 87 

(4-Chlorobutanal-l ) CH2.CH2.Cn2 CHO 

da 

B.P. 50-51° at 13 mm. (1) Dfs® = 1.107 (1) ii|>® = 1.44G62 (1) 

[For prepn. of C from 5-chloropentanediol-l,5 (1) by oxidn. with Pb(OAc)4 see (1).] 

C polymerizes readily on htg. (1). 

® 7-Chloro-n-butyraldoxime: m.p. 74.5° (1). 

® 7-Chloro-n-butyraldehyde ^-nitrophenylhydrazone: m.p. 110° (1). 

® 7-Cbloro-/i-butyraldehyde 2,4-dimtropbenylhydrazone; m.p. 134-136° (1). 

8:9111 (1) Paul, Compt. rend. 815, 303-305 (1942); C.A. 38, 4907 (1944). 


3:9113 /5-CHLORO-ISOBUTYRALDEHYDE CH3 C4H7OCI Beil. S.N. 87 
(3-Chloro“2-methylpropanal-l ) 


No physical constants for C are recorded. 

[For prepn. of C from 3-chloro.2-methylpropen-2-ol-l (3:8340) by treatment with acids 
as specified see (1).] 

No other record of C appears in the literature. 

8:9118 <l) N. V. de Bataafsche Petroleum Maatschappij, French 763,286, April 26, 1934; Cent, 
1984 II 1631; [C.A. 88, 6077 (1934)]. 


ch2-<:;h— CHO 
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3:9113 d,/-2-CHLOROBUTEN.8-OL-l C 4 H 7 OCI BeU. S.N. 25 

H2(>=CH-~CH--CH2 

(!a Ah 

B.P. 69.5-70.0° at 30 nun. (1) (2) .. 1.4665 (1) (2) 

66.5-67.0° at 30 nun. {3) 

[See also l-c/iZoro6it<€n-3-ot-2 (3:8110).] 

[For prepn. of C from 3,4-epoxybutene-l (1) <2) with cone. HCl (2 moles) in ether below 
6° (61% yield (2)) or with cold cone. HCl (60% yield (3)) see indie, refs.; note that by 
these methods C is accompanied by a small amt. (2% (2)) of 4-chlorobuten-2-oH (1-chloro- 
buten-2-ol-4) (3:9114).] 

C with Br2 gives (3) 2-chloro-3,4-dibromobutanol-l, b.p. 133.5-135.5® at 10 mm. (3). 

C with KOH (3) loses HCl, ring-closing to 3,4-epoxybutene-l, b.p. 67° at 750 mm. (3>, 
65.0-65.8® at 739 mm. (2); Df = 0.8745 (2) (3); n!? = 1.4170 (2) cf. (3). 

[For study of hydrolysis of C with aq. NaOH see (1).] 

2-Methoxybuten-3-ol-l (C methyl ether): b.p. 70® at 50 mm. (2); = 1.4290 (2): 

corresp. 3,5-dinitrobenzoatc, m.p. 68-71® (2). [From C with MeOH/NaOMe re- 
fluxed 30 min. (52% yield (2)).] 

l-Chlorobuten-3-yl-l acetate: b.p. 79.5-80® at 30 mm. (3). [Note that with KOH 

this prod, loses AcOH, ring-closing <3) to 3,4 epoxybutene-1 (above).] 

l-Chlorobuten-3-yl-l 3,6-dinitrobenzoate: m.p. 65.6® u.c. (2). [Note that this 

prod, depresses m.p. of corresp. deriv. (m.p. 61.5-63.5® u.c.) from l-chlorobuten-3-ol-2 
(3:8110).] 

3:9113 (1) Kadesch, J Am. Chem. Soc 68, 46-48 (1946). (2) Kadosch, J. Am. Chem. Soc. 08, 
41-45 (1946). (3) Petrov, J. Gen. Chem. (U.S.S.R.) 11, 991-995 (1941) , C.A. 37, 1699 (1943). 

3:9114 4-CHLOROBUTEN-2-OL-1 C4H7OCI Befl. S.N. 25 

(l-Chlorobuten-2-ol-4) CH2 — CH==CH — CH 2 

Cl OH 

B.P. 67-69° at 4-6 nun. <2) ng ® = 1.4792 (1) 

64r-65° at 2 nun. (2) 

54-55° at 2 mm. ( 1 ) = 1.4845 (2) 

[For form, of C in small amount (18.6% yield (2)) from 3,4-epoxybutene-l with HCl see 
(1) (2); note that the main product of this reaction is 2-chlorobuten-3-oH (3:9113) (1) (2).] 
[For study of hydrolysis of C with aq. or aq. NaOH see (2).] 

4-Chlorobuten-2-yl-l 3,6-dinitrobenzoate: unreported. 

® 4-Chlorobuten-2-yl-l 7V-(a-naphthyl)carbamate: m.p. 88-89® (1). 

3:9114 (l) Kadesch, J. Am. Chem. Soc. 68, 45 (1946). (2) Kadesch, J. Am, Chem. Soc. 68, 

46-48 (1946). 



Beil. S.N. 25 


» 1.46282 <1) 



3:9115-3:9130 


DIVISION C 


1260 


[For prepn. of C from either the low-boilg. (3:5360) or high-boilg. (3:6615) stereoisomers 
of l,2-dichlorobutene-2 (together with 2-chlorobutene-2-ol-l (3:8240)) by hydrolysis with 
2 pts. aq. -f 1 mole CaCOa for 4 hrs. at 70® see ( 1 ); note that C is formed by virtue of allylio 
transposition during the process and that Cent, and C.A. do not agree on the boilg. pt. 
(orig. inaccessible). 

<8 3-Chlorobuten-3-yl-2 N-(a-naphthyl)carbamate: m.p. 92-92.5® (1). 

3:9115 (1) Tishchenko, /. Oen, Chem. (U.S.S.R.) 7, 658-662 (1937); Cent. 1987, II 371; C,A, 81, 
6764 (1937). 

3 : 9130 d,f-a-CHLORO-/i-BUTYRIC ACID C 4 H 7 O 2 CI 

CHr- CH 2 .CH.COOH 


• B.P. 109.5® at 24 mm. <1) « 1.1796 (13) 

101.25® at 16 mm. (2) 

Viscous liq.; spar. sol. cold aq.; eas. sol. hot aq. 

[For prepn. of C from diethyl a-ethyl-a-chloromalonate by hydrol 5 rsi 8 and subsequent 
htg. of the resultant a-ethyl-a-chloromalonic acid (90% yield <1)) (2) see indie, refs.; from 
n-butyric acid (1:1035) with SO 2 CI 2 + acetyl chloride (3:7065) (3) or with SO 2 CI 2 + 
dibenzoyl peroxide in CCI 4 (10% C + 45% /3- (3:0035) and 45% y- ( 3 : 0020 ) isomers) see 
(4); from n-butyric acid with CI 2 and suitable cat. see (5); from a-chloro-n-butyryl chloride 
(3:5570) by hydrolysis with aq. see (7).] 

C with SOCI 2 (1) yields a-chloro-n-butyryl chloride (3:5570), b.p. 129-132®. 

[C (in the form of CaA 2 ) on cat. hydrogenation with Pd/BaS 04 in aq. ale. is completely 
converted ( 6 ) to n-butyric acid; C itself is only partially ( 6 ) reduced.] 

[For study of rate of hydrolysis of the halogen in NaA by aq. at 70® see ( 8 ).] 

Methyl d,/-a-chloro-n-butyrate: b.p. 145-146® at 756 mm. (See 3:8103.) 

Ethyl d,Z-a-chloro-n-butyrate: b.p. 163-164° at 760 mm. (See 3:8307.) For 

study of rate of esterification of C with EtOH see (9).] 

O d,l-a-Chloro-n-butyramide: cryst. from CeH®, m.p. 81® (10), 78.4-78.9® (11). [From 
methyl o-chloro-n-butyrate (3:8103) with cone. aq. NH 4 OH (60% yield (10)).] 
d,f-a-Chloro-n-butyranilide: m.p. not reported.* [From a-chloro-n-butyryl chloride 
(3:5570) with aniline (1).] 

® d,f-a-Chloro-n-butyro-A-toluidide: m.p. 98® (12). 

8:9139 (1) Blaise. Bull. soc. chim. (4) 16, 668 (1914). (2) Cloves, Ann. 319, 357-358 (1901). 
(3) Blank, Ger. 157,816, Jan. 18, 1906; Cent. 1995, 1 414. (4) Kharasch, Brown, J. Am. Chem, 

Soc. 93, 925-929 (1940). (5) Bass (to Dow Chem. Co.), U.S. 2,010,685, Aug. 6, 1935; Cent. 

1936, I 880; C.A. 29, 6608 (1935). (6) Paal, Schiedewitz, Ber. 62, 1937-1938 (1929). (7) 
Markownikow, Ann. 153, 241 (1870). (8) Simpson, J. Am. Chem. Soc. 49, 679 (1918). (9) 
Liohty, Ann. 319, 372 (1901). (10) De Boosere, Bull. soc. chim. Belg. 32, 44-45 (1923). 

(11) Vandewijer, BvU. soc. chim. Belg. 45, 255 (1936). (12) Wolffenstein, Holle, Ber, 41, 736 

(1^8). (13) Sohjanberg, Z. physik. Chem. A-172, 231 (1935). 

d,/./3.CHLORO-n-BUTYRIC ACID C 4 H 7 O 2 CI Beil. H - 277 

CHr-CJH.CH 2 .COOH ni-(123) 

^ ib-Casa) 

B.P. 116° at 83 mm. MJ>. 16-16.5° 2^ - 1.1898 - 1.4481 

See 3 : 0035. Division A: Solids. 


Beil, n - 276 
ni-(i23) 
Il2-(J353) 


ng = 1.4411 (13) 



1261 


LIQUIDS (WITH B.P. REPTD. AT RED. PRESR) 


3:9132-3:9140 


Y-CHLORO-n-BUmuC ACID C 4 H 70 :C 1 Beil, n - 278 

CH^CH*.CH».COOH ni-(124) 

(Ij 118.(253) 

B.P. 196” at 22 mm. M.P. 16” = 1.2236 = 1.4612 

See 3 : 0020. Division A: Solids. 



BeU. 11-294 
Hi- 
112 — 


3:9132 /S-CHLORO-ISOBUTYRIC ACID C4H7O2CI Beil. S.N. 162 

CH2— CH— COOH 

ii ins 

B.P. 128-133” at 60 mm. (1) 

[For prepn. of C from isobutyric acid (1 : 1030) with CI2 in pres, of S (2) (3) or in activating 
light (1) (note that some a-chloro-isobutyric acid (3:0235) is also formed) see indie, refs.; 
for prepn. of C from isobutyric acid (1 : 1030) with SO2CI2 in presence of diben^oyl peroxide 
in CCI4 soln. (85% yield C -h 15% ae-isomer) see (4).] 

C should by conventional means such as SOCI2, etc., be convertible to the corresp. 
chloroisobutyryl chloride (3:9101), but no record of such transformation appears in the 
literature, the expected product having been prepd. by indirect means. 

Methyl /3-chloroisobutyrate ; b.p. 151-165® at 750 mm., 85-90® at 60 mm., D}® 

= 1.1101 = 1.4297 (1). [From C in MeOH with H2SO4 in 70% yield <1> cf. (3); 

note that this prod, on htg. with quinoline (1) or passing over hot silica gel (3) loses 
HCl giving (87% yield (1)) methyl methacrylate.] 

Ethyl i9-chloroisobut3Tate: b.p. 56-58® at 10 mm. (5). [From ethyl /5-hydroxy- 

isobutyrate with PCls in dry ether (40% yield (5)).] 

/5-Chloroisobutyramide: unreported. 

/S-ChloroisobutyranUide; m.p. 109.0-109.5® (4), 104-105® (6). 

/S-Chloroisobutyr-^-toluidide: unreported. 

3:9132 (1) Zal’kind, Markov, /. Applied Chem. (U S.S.R.) 10, 1042-1044 (1937); Cent. 1938, II 
2421; C.A. 32, 1652 (1938); note that in C.A. reference isobutyric acid has been erroneously 
rendered as “ isooleio acid ’* and chloroisobutyric acid as “ chloroisooleic acid ” throughout. 
(2) Loder, Ries (to du Pont Co.), U.S. 2,043,670, June 9, 1936; Cent. 1936, II 2229; C.A. 30, 6240 
(1936). (3) Loder (to du Pont Co.), Brit. 428,223, June 6, 1935; Cent. 1936, I 179; C.A. 29, 
6607 (1935). (4) Kharasch, Brown, J. Am. Chem. Soc. 62, 925-929 (1940). (5) Rydon. J. 

Chem. Soc. 1936, 1448. <6) Michael, Garner, Ber. 34, 4054-4055 (1901). 

3:9140 /5-METHOXYETHn. CHLOROFORMATE C4H7O3CI Beil. S.N. 199 
(Methyl “ oeUosolve ” chloroformate; CH8.O.CH2.CH2.O.CO.CI 
/3-methoxyethyl chlorocarbonate) 


B.P. 58.7” at 18 nun. <1) 


= 1.1905 (1) - 1.4163 (1) 
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Colorless liq. insol. aq. 

[For prepn. (93% yield (1)) from /3-methoxyethanol (methyl “ cellosolve ”) (1:6405) -|- 
phosgene (3:5000) see (1).] 

® ^-Methoxyethyl carbamate: from C + aq. NH4OH in poor yield (13.3% (1)); m.p. 
46.8® (1). 

3:9140 (1) Ashburn, Collett, Lazzell, J. Am. Chem. Soc. 60, 2933-2934 (1938). 

3:9145 l,3-DlCHLOROBUTANOL-2 H H C4H8OCI2 Beil. 1-373 

CHr-i — (!; — cHi JiZ 

ii ia i, 

B.P. 63-64° at 10 mm. <1} nf? = 1.4766 <1) 

= 1.3870 (1) nL® = 1.4790 (1) 

[For prepn. of C from 3-chloro-l, 2-epoxybutane (a-chloroethylethylene oxide) or from 
l-chloro-2,3-epoxybutane (a-(chloromethyl)-a'-methylothylene oxide) by addn. of HCl 
see <1); for possibly similar processes cf. (2).] 

C on oxidn. gives (1) l,3-dichlorobutanone-2 (3:5900). 

IjS-Dichloro-scc.-butyl acetate: b.p. 82.5-83.5® at 10 mm., />4® =* 1.2185, £>1® == 

1.2229; nl? - 1.4530, nl>® = 1.4550 (1). 

3:0146 (1) Petrov. J. Am. Chem. (U.S S R.) 11, 713-721 (1941); Cmi. 1942, I 2867; C.A. 86. 
404 (1942). (2) Zikes, Monatsh. 6, 348-355 (1885). 


3 : 9150 a,/?'.DICHLORODIETHyL ETHER 
(er-Chloroethyl-/8-chloroethyl ether) 


Cl C4H8OCI2 
CHy-C 


Beil. I — 

Ii- 

Ia-(674) 


Cl.CH2.CH2 

BJ».65-67’atl7mm. (1) = 1.1867 (2) nf? = 1.4473(2) 

61° at 10 mm. (2) Hi? = 1.1833 (1) ni?;* = 1.4497 (1) 

Colorless liq. fumg. in air and decomposing on distn. at ord. press. (1). 

[For prepn. (60'% yield <2)) from ethylene chlorohydrin (3:5552) -f acetaldehyde 
(1:0100) (2) or paraldehyde (1 :0170) (1) + dry HCl see (1) (2).] 

C rapidly dis. in cold aq. yielding by hydrolysis )3-chloroethanol (3:5552), acetaldehyde 
(1:0100), and HCl (1). 

3:9160 (1) Grignard, Purdy, BvM. soc. chim. (4) 31, 984-985 (1922). (2) Lingo, Henze, J. Am, 
Chem. Soc. 61, 1674-1575 (1939). 


3:9160 2-CHLOROBUTANOL-l H C4H9OCI Beil. S.N. 24 

O-Chloro^butyl alcohol) cH,.CH2.<!).CH20H 

ii 

B.P. 74r-76® at 26 mm. (1) = 1.062 (1) n|f * 1.4410 <1) 

[For prepn. of C (83% yield (1)) by saponification of the corresp. trichloroacetate obtd. 
by chlorination of n-butyl trichloroacetate (3:6315) see <1).] 
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C with SOCI 2 H- pyridine gives ( 1 ) 1 , 2 -dichlorobutane (3:7680), b.p. 127®, » 1.4420 

( 1 ). 

/ 3 -Chloro-n-butyl acetate: unreported. 

^-Chloro-n-butyl benzoate: unreported. 

/ 3 -Chloro-n-butyl p-nitrobenzoate: unreported. 

/3-Chloro-n-butyl 3,5-dinitrobenzoate: unreported. 

(© /3-Chloro-n-butyl i^-phenylcarbamate: m.p. 52.5-53.5® (1). 

2-(iV-Phthaliniino)butanol-l: unreported. 

3:9160 (1) Waddle, Adkins, J. Am. Chem. Soc. 61 , 3363 (1939). 


3:9166 3-CHLOROBUTANOL-l 
( 7 -Chloro-n-butyl alcohol) 


B.P. 67-68® at 16 mm. (1) 
61® at 10 mm. ( 2 ) 


H C 4 H 9 OCI BdL S.N. 24 

CH3— dv- ch2.ch,oh 

ii 

= 1.06218 (1) = 1.44464 (1) 


C on distn. at atm. press, or on htg. with quinoline loses HCl and yields crotonyl ale. 
CH 3 .CH=CH.CH 20 H, b.p. 120-121® at 755 mm., Ijf - 0.85306, n|? = 1.42976 (iV- 
phenylcarbamate, m.p. 79.4r-80®) (1). 

[For prepn. of C from butanediol-1,3 (1:6482) 4* HCl see (1) (3); from 7 -ehloro-n-butyl 
butyrate by hydrol. with HCl see ( 2 ); from Cglle + 30% CH 2 O -f HCl at 50® see <4).] 

[6 over AI 2 O 3 at 250® gives (3) butadiene-1,3.] 


7 -Chloro-n-butyl acetate: unreported. 

7 -Chloro-n-butyl benzoate: unreported. 

7 -Chloro-n-butyl ^-nitrobenzoate : unreported. 

7 -Chloro-n-butyl 3,6-dinitrobenzoate: unreported. 

7 -Chloro-n-butyl iV-phenylcarbamate: unreported. 

3-(JV-Phthalimino)butanol-l: unreported. 

3:9166 (1) Verhulst, Bull soc. chim. Belg. 40, 85-90 (1931). (2) Hoyse (to I.G.), Ger. 624,435, 
May 7, 1931; Cent. 1931, II 767. (3) Runge, Miiller-Cunradi (to I.G.), Ger. 678,038, June 12, 

1933, Cent. 1933, II 935. (4) I.G., Brit. 465,467, June 3, 1937; Cent. 1937, II 1445. 


3:9170 4-CHLOROBUTANOL-l C 4 H 9 OCI 

( 6 -Chloro-n-butyl alcohol , ClCH 2 .CH 2 .CH 2 .CH 2 .OH 
tetramethylene chlorohydrin) 


Beil. I — 

11- 

12- (398) 


B.P. 84-85® at 16 mm. ( 1 ) 

86 ® at IS.mm. ( 2 ) 
81-82° at 14 mm. (3) (4) 
72-75® at 10 mm. (5) 
70-71® at 7 mm. (4) 
64-65® at 3 mm. ( 6 ) 

57® at 0.6 mm. (7) 


= 1.186 <5> 

= 1.0883 (1) 
1.0867 < 8 ) 


nf,® 1.4661 <5) 
ng = 1.4618 (1) 
1.4629 ( 8 ) 


Colorless liq. — On distn. above 16 mm. splits off HCl ( 1 ) ( 2 ) 3 rielding tetrahydrofuran, 
b.p. 63°. 

[For prepn. from tetrahydrofuran [Beil. XVII- 10 ] by actn. of HCl gas (yield; 64^7% 
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<d), (4) <8)) see <3) (4) (8); from tetramethylene glycol (1:6516) with SOCI 2 + pyridine 
(47% yield <!)) or S 2 CI 2 (2) see (1) (2); from 6-chlorobutyl acetate by alcoholysis with 
MeOH (80% yield) see {6)j for nifg. from ethylene oxide + C 2 H 6 CI + AlCla (or other 
catalysts) see (9).] 

C (2 moles) treated with PBrs (1 mole) gives (98% yield (3)) tetramethylene chloro- 
bromide, b.p. 175-176®, D 4 ® « 1.488, nU = 1.4885 (3). [For study of reaction of C with 
HBr8ee(7).l 

a-Chloro-n-butyl acetate: oil, b.p. 92-93® at 22 mm. (6), 92-94® at 22 mm. (10); 

= 1.0805 (6); wd = 1.43439 (6). [From tetrahydrofuran [Beil. XVII-10] with 
AcCl (6) as directed cf. (10) or with AcOH + HCl + cat. (11).] 

5-Chloro-n-butyl benzoate: oil, b.p. 140-142.5® at 4 mm., *= 1.1429, nf? — 

1.52028 (6). [From tetrahydrofuran [Beil. XVII-IO] with benzoyl chloride + ZnCl 2 
(54.5% yield (6)).] 

d-Chloro-n-butyl p-nitrobenzoate: oil, b.p. 205-206® at 7 mm. (12). [From tetra- 
hydrofuran [Beil. XVII-10] with p-nitrobenzoyl chloride -f- SnCl 2 (12).] 

6-Chloro-n-butyl 3,6-dinitrobenzoate: unreported. 

£-Chlorobutyl N-phenylcarbamate: cryst. from pet. eth. (1); m.p. 54® (1), 54-55® 
<5). 

® a-Chlorobutyl N-(a-naphthyl)carbamate: cryst. from pet. eth. (1); m.p. 69-70® (1), 
69® (3), 66® (2). 

8:9170 (1) Kirner, Richter, J. Am^ Chem. 80 c. 51 , 2606-2506 (1929). (2) Bennett, Heathcoat, 

/. Chem. Soc. 1929 , 272. (3) Starr, Hixon, J. Am. Chem. Soc. 56 , 1696-1696 (1934). (4) Starr, 
Hixon, Org. Syntheses, Coll. Vol. 2 (1st ed.), 671-672 (1943). (6) Waddle, Adkins, J. Am. Chem» 
Soc. 61 , 3363 (1939). (6) Cloke, PUgrim, J. Am. Chem. Soc. 61 , 2667-2669 (1939). (7) Bennett, 

Reynolds, J. Chem, Soc. 1935 , 139. (8) Yur’ev, Minacher, Samurskaya, J. Gen.Chem. (U.S.S.R.) 

9 , 1710-1716 (1939) ; C.A. 34 , 3731 fl940). (9) I.G., Brit. 364,992, Sept. 10, 1931; Cent. 1931 , 
II 3645. (10) Manchen, Schmidt (to I.G.), Ger. 736,428, May 6, 1943; C.A. 38, 2966 (1944): U.S. 
2,314,454, March 23, 1943; C.A. 37 , 5078 (1943>. 

(11) Seidenfaden, BrOker (to I.G.), Ger. 725.628, Aug. 13, 1942; C.A. 37, 6985 (1943). (12) 
Smorgonskii, Gold’farb, J. Gen. Chem. {U.S.S.R,) 10, 1113-1119 (1940); C.A. 35, 4011 (1941). 


3:9175 (f,M.CHLOROBnTANOL-2 H C 4 H 9 OCI 

(l-Chlorobutanol-3) cICH,.ChJ^H. 


BeU. I — 

Ii-( 188 ) 


DH 


B.P. 70® at 13 mm. (1) 


[For prepn. from 3-chloropropanal-l (/5-chloropropionaldehyde) (3:6676) -f- CHsMgl 
see (1) (2).] 

[4-Phthalimidobutanol-2, cryst. from pet. eth., m.p. 47-48®, although never recorded 
by reactn. of C with K phthalimide, has been prepd. indirectly (3).] 

8:9175 (1) Foumeau, Ramart-Lucas, BuU. soc. chim. (4) 25, 367 (1919). (2) Backer, Bilt, Rec, 

tra». chim, 54 , 69-70 (1935). (3) Robinson, Suginome, J. Chem. Soc. 1932 , 308. 

3:9180 8-CHLORO-2-METHYLPROPANOL-1 C4H9OCI BeiL S.N. 84 

CHs 

ClCHr-d)— CH,OH 


- 1.083 ( 1 ) 


B.P. 76-78° «t 31 mm. (1> 


- 1.4460 (1) 
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[For prepn. (76% yield (1)) via hydrolysis of the corresp. triohloroaoetate (obtd. by 
chlorination of isobutyl trichloroacetate) see <1).] 

/3-Chloro-a-methyl-n-propyl Af-phenylcarbamate: m.p. 63.5-64'* (1). 

8:9180 <1) Waddle, Adkins. J. Am. Chem. 8oc. 61 , 3363 (1939). 


3:9185 2-(j8-CHLOROETHOXY)ETHANOL-l C4H»02C1 BeU. I - 467 

(Diethylene glycol chlorohydrin; CHg — CH* — O — CHa — CHaOH Ii — 

ethylene glycol mono-/3-chloroethyl I Ia-(519) 

ether; /3-chloroethyl /3-hydroxyethyl 
ether; /3-chloro-/3'-hydro:Qrdiethyl ether) 

B.P. 180-186® <1) 

92- 100° at 12 mm. (2) 

93- 96° at 11 mm. (3) 

Colorless mobile highly refractive liq. — Very sol. aq. but can be salted out by addition 
of KaCOa. — Misc. with ale. or ether. [For study of toxicity see (11).] 

[For prepn. of C from ethylene chlorohydrin (3:5552) with ethylene oxide (1:6105) at 
140° (4) in pres, of SnCU, AICI3, etc. (2), or acidified hydrosilicate cat. (3), or cone. H2SO4 
(30-35% yield (5)) (together with numerous other prods.), or with ethylene glycol (1:6465) 
+ HCl gas as directed (1) see indie, refs.; for prepn. from ethylene oxide (1:6105) satd. 
with HCl gas see (4); for formn. of C during extractn. of lignin from pine wood by means 
of ethylene chlorohydrin -f HCl see (6).} 

[For use of quat. salts obtd. from C by treatment with oleic acid followed by pyridine 
or from C with »-octadecylamine followed by pyridine and cliloroacetic acid see (7); for 
use of C as rat poison see (8).] 

[C with hot aq. alk. ring-closes with loss of HCl giving (90-95% yield (9)) 1,4-dioxane 
(1:6400).] 

[C (1 mole) with MeaNH (3 moles) in CeHe in 8.t. at 120° for 8 hrs. gives (75% yield (5)) 
2-(/3-dimethylaminoethoxy)ethanol-l, b.p. 95° at 15 mm. (B.picrolonate, m.p. 110°; 

B. TT^-nitrobenzoate.HCl, m.p. 142°) (5).] 

2-(^-Chloroethoxy)ethyl acetate; oil, b.p. 94-95° at 11 mm. (6). 

2-(/3-Chloroethozy)ethyl p-toluenesulfonate: oil; consts. not reported. [From 

C (1 moIe)jWith p-toluenesulfonyl chloride (0.75 mole) at 142° for 10 hrs. (yield 59% 
(10)); for use in introduction of 2-(/3-chloroethoxyethyl) group see (10).] 

8:9185 (1) Lourenco, Ann. chim. (3) 67 , 290-292 (1863). (2) Haussmann. G6ts, Ger. 670,419, 
Jan. 18, 1939; Cent. 1939 , II 560; C.A. 33 , 3031 (1939). (3) I.G., Brit. 354,357, Sept. 3, 1931; 

Cent. 1931 , II 2657; C.A. 26 . 3885 (1932). (4) Wurta, Ann. chim. (3) 69 , 338-341 (1863). (5) 
Fourneau, Ribas, Bull. soc. chim. (4) 41 , 104(^1051 (1927). (6) Freudenberg, Acker, Ber. 74 , 

1406 (1941). (7) I.G., Brit. 474,671, Dec. 2, 1937; Cent. 1938 , 2063; C.A. 32 , 3518 (1938) : French 
819,000, Oct. 7, 1937; Cent. 1938 , 2063; C.A. 32 , 2653 (1938). (8) I.G., Brit. 474,677, Dec. 2, 
1937; Cent. 1938 , I 2045; C.A. 32 , 3064 (1938): French 805,557, Nov. 24. 1936; Cent. 1937 , I 
3397; C.A. 31 , 4417 (1937). (9) Webel (to I.G.), Ger. 526,478. Oct. 8, 1932; Cent. 1933 , 1 1019; 

C. A. 27 , 737 (1933). (10) Butler, Renfrew, Cretcher, Souther, J. Am. Chem. Soc. 69 , 228-229 

(1937). 

(11) Smyth, Carpenter, J. Jnd. Hyg. Toxicol. 26, 269-273 (1944). 



d:dl90-d:dd00 


DIVISION C 


1266 


3:9190 d^-8-CHL0R0.2-METHyLPR0PANEDI0L-l,2 C4H9O2CI Beil. S.N. 30 
(/3-Methylglycerol-a-monochlorohydrin) CH2CI 

CHs— <!>-0H 

iHiiOH 

B.P. 80° at 1.6 mm. (1) = l.»362 (U - 1.4748 (1) 

Colorless viscous liq., misc. in all proportions with aq., ale., ether (1). 

(For prepn. of C from l-chloro-2-methyl-2, 3-epoxypropane (“ /3-methylepichlorohydrin 
(3|_7657) by warming with 0.1% aq. H2SO4 (95% yield (1)) see (1) (2).] 

C with aq. 15% NaOH at 10-20° reacts very rapidly (by loss of HCl and ring closure) 
giving (70% yield <1)) <3) by ether extraction 2,3-cpoxy-2-methylpropanol-l (/S-methyl- 
glycidol), colorless liq. misc. with aq., ale., or ether, b.p. 68° at 25 mm., Dj® = 1.0420, 
riD =* 1.4299 (1). [This prod, on further hydration in the aq. soln. yields 2-methyl- 
propanetriol-1,2,3 (^-methylglycerol), b.p. 115-120° at 1.6 mm., £>1® = 1.1863, wf? = 
1.4730 (1).] 

3:9190 (1) Hearne, DeJong, Ind. Eng. Chem. 33 , 940-943 (1941). (2) Groll, Hearne (to Shell 

Development Co.), U.S. 2,086,077, July 6, 1937; Cent. 1937 , II 2433; C.A. 31 , 5813 (1937). (3) 

GroU, Hearne (to Shell Development Co.), U.S. 2,070,990, Feb. 16, 1937; Cent. 1937 , II 2433; 
C.A. 31 , 2612 (1937). 


3:9195 l-CHLORO-2-(CHLOROMETHYL )BUTADIENE-1,3 C6H6CI2 BeU. I — 

CH 2 CI Ii— 

CH,=CH— i=ClI ^ 

No physical constants on C are cited by the abstract journals. 

[For formn. of C from 2-(chloromethyl)-l,2,3-trichlorobutanc (3:5230) with boilg. ale. 
KOH (2-(chloromethyl)-l,3-dichlorobutene-l (3:9201) is also formed) see <1).] 

C readily polymerizes <1). 

C with maleic anhydride (1:0625) forms addn. prods. <1). 

3:9195 (1) Tishchenko, J. Oen. Chem. (U.S.S.R.) 6,1116-1132 (1936); Cent. 1937 , I 573; C.A. 
31 , 1003 (1937). 

3:9200 l.CHLORO-2-METHYLBUTADIENE-l,3 C^RiCl Beil. S.N. 12 

(“ Isoprene monochloride ") CH3 Cl 

H2(>==CH--C===CH 

B.P. 50.4® at 100 mm. (1) Z)f = 0.9710 (1) nf? * 1.4792 (1) 

G has pleasant odor resembling isoprene. 

[For prepn. of C (38% yield (1) together with other products) from 2-methylbutadiene- 
1,3 (isoprene) with CI2 in CCI4 see <1); for formn. of G (30% yield {2) together with other 
products) from l,2,3-trichloro-2-methylbutane (3:6100) with 2 moles of quinoline at 185- 
226° see (2).] 

C with 4 pts. liq. SO2 gives (1) l-chloro-2-methylbutene-2 1,4-sulfone, white rhombic 
plates from water (which effectively separates the accompanying tar), or from ether, m.p, 
73° cor. (1). [This prod, is a potent sternutator and skin irritant; its soly. in aq. is about 
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2.4 g. at 15*" and 7.2 g. per 100 ml. aq.; in boilg. aq. it gives a tar, and aq. solns. are there- 
fore coned, under reduced press.; on htg. to 140® under 100 mm. press, it regenerates (77% 
3rield) C and thus constitutes a convenient means for storing C in stable form. (1).] 

C polymerizes at a rate comparable to that of isoprene (for details see (1)). 

C (6 g.) + 1,4-naphthoquinone (1:9040) (3.5 g.) htd. under N2 for 4 hrs. at 80® gives 
(1) on cooling l-chloro-2-methyltetrahydroanthraqumone, pale yel. ndls. from acetone, 
colorless ndls. from ale., m.p. 146® cor. (I); this prod, on oxidn. with air in ale. NaOH yields 
l-chlorO“2-methylanthraquinone, cryst. from AcOH or ale., m.p. 171-172® cor. (1) <3) 
[dif. from 3-chloropentadiene-l,3 (3:7360) q.v.l. 

C with maleic anhydride (1:0625) evolves HCl and yields <2) a dianhydride. 

3:9200 ( 1 ) Jones, Williams, J. Chetn. Soc. 1934 , 829-835. (2) Tishchenko, J. Oen. Chem. 

(U.S.S.R.) 6, 1116-1132 (1936) ; Cent. 1937 , 1 573; C.A. 31 . 1003 (1937). (3) Keimatsu, Hirano, 

J. Pharm. Soc. Japan, 49 , 140-147 (1929); C.A. 23 , 3466 (1929). 

3:9201 2-(CHLOROMETHYL)-l,3-DICHLOROBUTENE-l CsHyCls BcU. S.N. 11 

CH2CI 

CHa— CH— <!>=CH 

ii 

B.P. 77-84' at 16 mm. <t) Dj* = 1.33 (1) n{? = 1.4976 (1) 

(For prepn. of C from 2-(chloromethyl)l,2,3-trichlorobutane (3:5230) by loss of HCl 
with boilg. ale. KOH (l-chloro-2-(chloromethyl)butadiene-l,3 (3:9195) is also formed) 
see (2); for formn. of C from 3“Chloro-2-(chloromethyl)butene-l (3:9206) with CI2 *f 
NaHCOs at 0® (yield 6% C together with 90% 2-(chloromethyl)-l,2,3-trichlorobutane 
(3:5230)) see (I).] 

C on ozonolysis yields (2) l,3-dichlorobutanone-2 (3:5900) and formic acid (1:1(X)5). 

3:9201 (1) Tishchenko. J. Gen. Chem. (U.S.S.R.) 8, 1232-1246 (1938), Cent. 1939 , II 4223; 
C.A. 33 , 4190 (1939). (2) Tishchenko. J. Gen. Chem. {U.S.S.R.) 6, 1116-1132 (1936); Cent. 

1937 , I 573; C.A. 31 , 1003 (1937). 


3:9202 2,6-DICHLOROPENTENE-2 CsHgClj Befl. S.N. 11 

Cl a 

(laij-CH,— CH=<!^-cais 

B.P. 40-41° at 8 mm. <1) = 1.1188 (1) ® = 1.4683 (1) 

(For prepn. of C (92% yield (1)) from cyclopropyl methyl ketone (Beil. VII-7, VIIi-(5)J 
with PClg below 20® see (1); for formn. of C from 5-chloropentanone-2 (see below) with 
excess 50% KOH see (1).] 

C with cone. H2SO4 gives (43% yield (1)) 5-chloropentanone-2 (3:9267). 

C cannot be hydrolyzed with aq. + CaCOg but on protracted re6ux (210 hrs.) with 
excess KOAc in abs. ale. gives 2-chloro-5-acetoxypentene-2, b.p. 81.5® at 13 mm., Di® ** 
l.Om, n{?j = 1.4499 (1). 

C on oxidn. with 3% KMn04 gives (1) acetic acid (1 : 1010) and acrylic acid (1 : 1020). 

C on ozonolysis yields (1) ^hloropropionic acid (3:0460). 

3:9999 (l),D’yakonov, J. Oen. Chem. {U.S.S.R.) 19 , 414-412 (1940); C.A. 34, 7861 (1940). 
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3:9204 l,4-DICHLORO-2-M£THYLBUT£N£-2 C 6 H 9 CI 2 Beil. S.N. 11 

Cl Cl 

<!!Hr-CH=C— <! h* 

B.P. 03* at 60 nun. (1) = 1.1686 (1) - 1.4038 (1) 

66° at 10 mm. <1) 

Colorless lachrymatory liquid. — Sol. in cold cone. H2SO4 with yel.-br. color. 

[For prepn. from 2-methylbutadiene-l,3 (isoprene) (1:8020) in CCI4 by treatment with 
CI2 see (1) (l>chloro>2-methylbutadiene-l,3 (3:9200) is also formed (1)).] 

C in ale. added dropwise to a suspension of Zn dust in hot ale. gives (77% yield (1» 
2-methylbutadiene-l,3 (isoprene) (1:8020), b.p. 34®. 

C on oxidn. with KMn04 in acetone at ~5® gives (1) l,4-dichloro-2-methylbutanediol- 
2,3, ndls. from ether, m.p. 106.5® cor. <1). 

C in CHCI3 treated with O3, then with aq., yields (1) chloroacetone (3:5425) and chloro- 
acetaldehyde (3:7212); ozonolysis of C without solvent followed by KMn04 oxidn. gives 
(1) chloroacetic acid (3:1370). 

S:9204 (1) Jones, WilUams. J. Chem, Soc. 1934, 829-834. 

3:9206 d,f-3.CHLORO-2.(CHLOROM£THVL)BUT£NE-l C6H8C12 Beil. S.N. 11 

Cl cH2a 

CHr-in— i=CH, 

B.P. 39-40° at 7 mm. (1) />J» = 1.1388 (1) 3- "c = 1.4713 (1) 

[For formn. of C from 3>chloro-2-methylbutene-l (3:7300) with CI2 + NaHCOs at 0® 
see (1) (yield of C is 35% accompanied by 30% l,3Hiichloro-2-methylbutene-2 (3:8170) 
and 30% l,2,3-trichloro-2-methylbutane (3:6100)) (1).] 

C upon ozonolysis yields (1) l,3-dichlorobutanone-2 (3:5900). 

3:9206 (1) Tishchenko, J. Om. Chem, iU.S.S.R.) 8, 1232-1246 (1938); Cent. 1939, II 4223; 
C.A. 33, 4190 (1939). 


l,3-DICHLORO-2,2-dis-(CHLOROM£THirL)PROPANE CsHgCU BeU. I - 141 

CH2CI Ii— 

acHj-(!!-CH,a ^-(1®^) 

B.P. 110° at 12 mm. M.P. 97° 

See 3 : 2675. Diviaion A: Solids. 


3:9214 2.(CHLOROM£THyL)BUTEN£.l CH2a C6H9C1 
Ol-EthyMyl chloride) cH.CH,XcH, 

C has not been obtd. in pure form. 


BeU. I - 211 

11- 

12- (187) 


[For formn. of C together with l-chloro-2-methylbutene-l (3:7303) + l-chloro-2-methyl- 


butene-2 (3:7485) from l-chloro-2-methylbutanol-2 (3:8175) by distn. with anhydrous 
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oxalic acid see (1); for formn. of C (together with other products) from 2-methylbutene-l 
(1:8210) by actn. of CI2 see (2).] 

[For behavior of C with Nal in acetone see (2); for use in prepn. of unsatd. cellulose 
ethers see (3).] 

C with O3 followed by hydrolysis yields (2) chloromethyl ethyl ketone (3:8012). 

3:9214 ( 1 ) Chalmers, Trans. Roy. Soc. Can. (3) 22, III 73, 76 (1928). (2) Gutner, Tishchenko, 
Oen. Chem. (U.S.S.R.) 8, 1062-1067 (1938); Cent. 1939, II 4221; C.A. 33, 3766 (1939), <3) 
Hahn (to du Pont), U.S. 2,082,797, June 8, 1937; Cent. 1937, II 3838; C.A. 31, 6677 (1937). 


3:9916 4,4,4-TRICHLORO-2-M£THYLBUTAN£ CsHgCls 

(“ Isobutylchloroform *’) Cl CH3 

ai— CH,— (I j-chs 


k k 


/ BeU. 1-136 
li- 
fe- 


No physical constants of C have been reported. 

[For formn. of C from diisoamyl sulfide [Beil. 1-405, Ii-(200), l2-(435)] by action of 
CI2 see <l).l 

C on htg. in a s.t. for 5 hrs. at 110* with AgsO -f aq. yields (1) isovaleric acid (1:1060). 


3:9216 (1) Spring, Lecrenier, Butt. soc. chim. (2) 48, 627 (1887). 


3:9318 d,M,3-DICHLORO-2-(CHLOROMETHYL)BUTANE CsHoCls Beil. S.N. 10 

Cl a 
CHr-<!;-CH— in, 

B.P. 79-81° at 16 mm. (1) 1>1* = 1.2793 (1) = 1.4899 (1) 

= 1.4970 {IJ 

[For formn. of C from l,3-(iichloro-2-methylbutane (3:9228) or from 3-chloro-2-methyl- 
butene-1 (3:7300) with CI2 see <l).l 

C with CI2 as specified <1) yields l,2,3-trichloro-(2-chloromethyl)butane (3:6230). 

C with KOH or with quinoline gives (1) only resins. 

3:9218 (1) Tishchenko, J. Qen. Chem. {U.S.S.R.) 6, 1116-1132 (1936); Cent. 1937, I 673; C.A. 
31, 1003 (1937). 


3:9990 d,M,3-DICHLOROPENTANE Cl Cl CsHioCk 

CH3.CH2— i— CH2— iH2 


Beil. S.N. 10 


B.P. 80.4* at 60 mm. (1) 


Df = 1.0834 (1) 


Hd 


1.4485 (1) 


[For prepn. of C (30% yield (1) together with other products) from 1-chloropentane 
(3:7460) by vapor-phase photochemical chlorination see (1).] 

C on refluxing 24 hrs. with Nal in acetone gives (90% yield (1)) 3-chloro-l-iodopentane, 
b.p. 60.5* at 2.5 mm., D?? * 1.6611, wd « 1.5229 (1). (A small amt. of 1,3-diiodopentane, 
b.p. 80-82* at 2.5 mm., is also formed (1).) [For reactn. of 3-chloro-l-iodopentane with 
diethylamine to give (74% yield) 3-chloropentyl-diethylamine HCl, m.p. 98.5*, see (I).) 

3:9220 (1) Hass, Huffman, /. Am. Chem. Soc. 03, 1233-1236 (1941). 



8:92^4-3:0230 


DIVISION C 


1270 


3:9224 d,Z-l,4-DICHLOROPENTAN£ Cl Q C 6 H 10 CI 2 

k 


BeU. 1-131 
Ii- 


BJ>. 88.1* at 60 mm. (1) = 1.0840 <1) = 1.4803 (1) 

69-70* at 88 mm. (3) 

89-61° at 17 mm. (2) 

88-60* at 16 mm. (2) 


[For prepn. of C (31% yield (1) together with other prods.) from 1-chloropentane (3 : 7460) 
by vapor-phase photochemical chlorination see (1); from 2-methyltetrahydrofuran [Beil. 
XVII-12] on htg. in s.t. for 4 hrs. at 60° with 2 vols. cone. HCl (2) or from pentanediol- 
1,4 by treatment in boilg. aq. with HCl (2) see indie, refs. — For formn. of C (together 
with other prods.) from pentane (1:8505) + CI 2 see (3).] 

C on boilg. with aq. <2) or aq. K 2 CO 3 (3) yields pentanediol-1,4 [Beil. 1-480] [6i»-(iV- 
phenylcarbamate), m.p. 125-125.5° (3)]. 

C on refluxing 24 hrs. with Nal in acetone gives (90% yield (1)) 4-chloro-l-iodopentane, 
b.p. 61.3° at 3.5 mm., D?? = 1.6580, = 1.5248 (1) (a small amt. of 1,4-diiodopentane, 

b.p. 100° at 5 nun. is also formed (1)). [For reactn. of 4-chloro-iodopentane with diethyl- 
amine to give (42% yield) 4-chloropentyl-dicth3damine hydrochloride, m.p. 99°, see (1).] 


3:9224 (1) Hass, Huffman. J. Am. Chem. Soc. 63, 1233-1235 (1941). (2) FrObe, Hochstetter, 

Monaiah. 23, 1087-1088 (1902). (3) Lemke. Tishchenko, J. Gm. Chem. (U.S.8.R.) 7, 1995 -1998 

(1937); Cent. 1939„ I 2398; C.A. 32. 482 (1938). 


3:9228 d,M,3-DICHLORO-2-METHYLBUTANE C 6 H 10 CI 2 BeiL S.N. 10 

Cl CII3 

CH3 — — d) — CH2 

k k 

Note that C has never been reported; the prod, originally supposed by (1) to have been 
C was later <2) found to be 2-(chloromethyl)-3-chlorobutene-l (3:9206) q.v. 

By chlorination of opt. act. l-chloro-2-methylbutane with SO2CI2 in pres, of benzoyl 
peroxide followed by subsequent fractionation (3) both opt. act. forms of C are alleged to 
have been obtd.; dextro form, b.p. 155° at 760 nun. (calcd.), 91° at 100 mm. (obs.); kvo 
form, b.p. 153° at 760 mm. (calcd.), 89.2° at 100 mm. (obs.) (3). Note, however, that 
in (3) the authors were apparently unaware of the correction mentioned above. 

3:9228 (l) Tishchenko, J. Gen. Chem. (U.S.S.R.) 6, 1116-1132 (1936); Cent. 1937, I 573; C.A. 
31, 1003 (1937). (2) Tishchenko, J. Gen. Chem. 8, 1232-1246 (1938); Cent. 1939, II 4222. (3) 
Brown, Kharasch, Chao, J. Am, Chem. Soc. 62, 3437 (1940). 


3:9230 d,f.3,3-DICHLORO-2-METHVLBUTANE C 5 H 10 CI 2 BeU. 1 -135 

Cl CH3 

No data on physical properties of C appear to be recorded. 

[For prepn. of 0 from isopropyl methyl ketone (1:5410) with PCU see (1).] 

0 with ale. KOH at 130° yields <1) isopropylacetylene (1:8010), b.p. 28°. 

3:9239 (1) B6hal, Ann, chim, (6) 15 , 285-286 (1888). 
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3:9240 TIGLYL CHLORIDE 

CH,.C.H C^HtOCI 

Beil, n- 431 

(cw-o-Methylcrotonoyl chloride; 

ch,.I!;.o=o 

Hi- 

cw-a,i3-dimethylacryloyl choride) 

Il2~' 

B.P. 64® at 36 mm. (1) 

L/l 


45® at 12 mm. (2) 




[For prepn. of C from tiglic acid (1:0420) with PCI3 (yield 90% (1» (2) see indie. refs.J 
C with hydrazine hydrate (2 moles) yields (3) iVjiST'-ditiglylhydrazide, m.p. 182-183® (3). 
C on hydrolysis yields tiglic acid (1:0420), m.p. 64.5-65®, q.v. for the corresp. amide, 
anilide, p-toluidide, and other derivs. 

8:9240 (1) Barger, Martin, Mitchell, J. Chem. Soc. 1937, 1822. (2) Blaise, Bagard, Ann. chinu 
(8) 11, 120 (1907). (3) Freri, Atti congr. intern, chim. 3, 150-154 (1939) ; Cent. 1939, II 3975; 
C.A. 34, 100 (1940). 


3:9242 ETHYL a-CHLOROACRYLATE 


Cl 


C6H7O2CI 


CH2= 


(!>-COOCaHi 


B.P. 51-53“ at 18 mm. (1) 


BeU. S.N. 163 


nS 1.4384 (1) 


[For prepn. of C from ethyl a,j3-dichIoropropionate (3:6090) by htg. with dimethylaniline, 
quinoline, or quinaldine at 100® for 10 min. under N2 (81% yield) see (I).] 

See also a-chloroacrylic acid (3:1445) and methyl a-chloroacrylate (3:9096). 


3:9242 (1) Marvel, Dec, Cooke, Cowan, J. Am. Chem. Soc. 62, 3495-3498 (1940). 


3 : 9244 METHYL ^-CHLOROCROTONATE 


C6H7O2CI 


CHa— C— Cl 
H— ii— COOCHs 


BeU. n — 

ni-(i89) 

IIi-(396) 


BJ>. 64-67° at 14 mm. (1) = 1.1555 (1) 

Df*.. 1.1564 <1) = 1.46275 (1> 

= 1.157 (1) 

{See also methyl ^hloroisocrotonate (3:8028).] 


[For prepn. of C from /3-chlorocrotonic acid (3:2625) in MeOH (1:6120) with dry HCl 
see (1).] 

[C with Na salt of benzyl mercaptan gives (2) methyl /3-(benzylmercapto)crotonate, 
cryst. from ether and McOH, m.p. 69-70® (2), 73® (3), also obtd. (78% yield (3)) from Na 
thioenolate of methyl )3-mercaptocrotonate with benzyl chloride (3:8535); note that this 
(and also other, analogous products) are also obtd. starting with the stereoisomeric methyl 
/3-cliloroisocrotonate (3:8028) q.v.] 

3:9244 <l) von Auwers. Ber. 43, 2806-2807 (1912). (2) Scheibler, Voss, Ber. 38, 384 (1920). 
(3) Scheibler, Topouzada, Schulze, J. prakt. Chem. (2) 124, 20 (1940). 
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3:9246 STHYL (CHLOROFORMYL) ACETATE CsHtOsCI 

(Carbethoxyacetyl chloride) COOCjHe 

h 

B.P. 76-77® at 17 mm. (1) 

71® at 15 mm. (2) 

63<70® at 13 mm. (3) 

63-64® at 10 mm. (4) 

See also methyl {chloroformyl)acetate (3:909S-A).] 

Note that C is both an acid chloride and an ester; it comprises the half acid chloride/ 
half ethyl ester of malonic acid (1:0480). 

[For prepn. of C from ethyl hydrogen malonate with SOCI 2 (3) or better from potassium 
ethyl malonate with SOCI 2 at 0® (1) or in ether (4) (yields: 70% (1), 45% (4)) cf. (6) or 
with PCIb <6) see indie, refs.] 

C boils at ord. press, about 170-180® with serious decompn. (3). — C on repeated distn. 
even under reduced press. <4) or C with quinoline in dry ether at 0® (4) loses HCl and under- 
goes condensation yielding ethyl ^ethoxy-2, 4-diketo-2,3-dihydropyran-3-carboxylate 
[Beil. XVIIIi- (540)1, cryst from CS 2 , m.p. 86-86® (4) cf. (7). 

[For behavior of C with 2,4-dimethylpyrryl MgBr (8), with indolyl MgBr (5), with 
indolyl Mgl <9), or with imidazolyl MgBr (10) see indie, refs.] 

(For behavior of C with atoxyl see (1).J 

(C with urea (2 moles) reacts as an acid chloride giving (2) ethyl ipalonurate [Beil. 
III-66], m.p. 128® (2). — C with thioformamide condenses with loss of H 2 O -h HCl giving 
(11) (12) (13) ethyl thiazole-5-carboxylate, b.p. 103.5-104.5® at 12 mm. (13), which on 
hydrolysis gives thiazole-5-carboxylic acid, m.p. 196-197® cor. (11).] 

w-(Carbethoxyacet)anilide: unreported. 

cD-(Carbethozyacet)-A-toluidide: m.p. 83® (4). 

S:9246 (1) Morgan, Walton, J. Chem. Soc. 1931, 1744-1745. (2) Boehringer und 86hne, Ger. 
193,447, Dec. 28, 1907; Cent. 1908, I 1000; C.A. 2, 1862-1863 (1908). (3) Marguery, BtUl. 

8OC. chim. (3) 33, 546-547 (1905). (4) Staudinger, Becker, Ber. 50, 1023 (1917). (5) Oddo, 

Albanese, Gazz. chim. ital. 67, 833-834 (1927). (6) van’t Hoff, Ber. 7, 1672 (1874). (7) Leuchs, 

Ber. 39, 2642-2643 (1906). (8) Ingraffia, Gazz. chim. ital. 64, 780-782 (1934). (9) Majima, 

Shigematsu, Rokkaku, Ber. 57, 1454-1455 (1924). (10) Oddo, Quintino, Gazz. chim. ital. 58, 
595-596 (1928). 

(11) Erlenmeyer, von Meyenburg, Hdv. Chim. Acta 20, 205 (1937). (12) Soc. Chem. Ind. 
Basel, Swiss 192,849, Nov. 16, 1937; Cent. 1938, I 3659; C.A. 32, 4286 (1938). (13) Soc. Chem. 
Ind. Basel. Ger. 658,353, March 29, 1938, Cent. 1938, II 354; C.A. 32, 4727 (1938). 


Beil, n - 58B 
ni-(252) 
JIs-(529) 


3: 9247 METHYL ^-(CHLOROFORMYL)PROPIONATE BeU. S.N. 172 

(G9-Carbomethoxy)propionyl chloride) CH 2 — COOCHa 


i] 


Cl 


A 


BJ>. 03* at 18 mm. (1) (2) 
93-93* at 18 mm. (3) 
89-90* at 16 mm. (3) 
88-87* at 16 mm. (4) 
86.6-87* at IS mm. (3) 
84* at IS mm. (6) 
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Note that C is both an acid chloride and an ester; C is an important reagent for intro- 
ducing the three-carbon radical — CH2.CH2.CXX)H. 

[For prepn. of C from methyl hydrogen succinate, m.p. 68® (itself obtd. (yields: 95-96% 
(3), 83% (4) (1)) from succinic anhydride (1:0710) with MeOH (1:6120)) by action of 
SOCI2 (yields: 100% (6), 90-93% (3), 90% (5)) or of PCls (92.5% yield (4)) see indie, 
refs. Note that C on distn. (except at low press.) tends to lose MeCl (3:7006) giving (3). 
succinic anhydride (1:0710). 

Examples of utility of C in synthesis include the following: C + ethyl sodio-acetoacetate 
(6); C + ethyl sodio-a-acetyl-n-undecanoate (7); C + ethyl sodio-a-acetyl-y-phenoxy-n- 
butyrate (8); 0 + ethyl sodio-y-phenoxypropylacetoacetate (9); C + methyl 7- (6-methoxy- 
l-naphthyl)butyTate <10); C + methyl sodio-a-acetylpropionate (11); C 1-methyl- 
cyclohexene-1 (5); C + ethyl a-acetyi-n-tridecanoate (1); C + Cd diisoamyl (4).l 

/3-(Carbomethoxy)propionamide: unreported. 

/3-(Carbomethoxy)propionanilide: ndls. from ether or It. pet./CeHe, m.p. 97-99® (1). 

[From C with aniline (1).] 

3:9247 (1) G. M. Robinson, R. Robinson, J. Chem. Soc. 127, 180 (1025). (2) Clutterbeck, 
R. Robinson, Biochem. J., 19, 385-306 (1925); Cent. 1925, II 1516. (3) Cason, Org. Syntheses 

25, 10-22 (1045). (4) Cason, J. Am. Chem. Soc. 64, 1107 (1042). (5) Nenitzescu, Cioranescu, 

Przemetzky, Ber. 73, 314 (1040). (6) Ruggli, Maeder, Helv. Chim. Acta 25, 943 (1942); C.A. 37, 

1714-1715 (1943). (7) G. Robinson, R. Robinson, J. Chem. Soc. 1926, 2206. (8) R. Robinson, 

Watt, J. Chem. Soc. 1934, 1539. (0) Barger, R. Robinson, Smith, J. Chem. Soc. 1937, 724. 

(10) R. Robinson, Thompson, J. Chem. Soc. 1938, 2011. 

(11) R. Robinson, Seijo, J. Chem. Soc. 1941, 585. 


3:9250 /S-METHOICYETHYL TRICHLOROACETATE CsHtOsCU BeU. S.N. 160 
(Methyl “ cellosolve ” trichloroacetate) CH2OCH8 

iHsOCOCCla 

B.P. M.P. 

98.0-99.5° at 17 mm. (2) 14.6-14.8° (1) = 1.3866 {3> = 1.45626 (2) 

92-93° at 10 mm. (1) 1.3836(2) 1.45833(2) 

61° at 0.9 mm. (3) 

Colorless liq. with agreeable odor. 

[For prepn. (82% yield (1)) from /3-methoxyethanol (1:6405; + trichloroacetyl chloride 
(3:5420) see (1).] 

C on shaking with ac. is smoothly saponified (1) to /3-methoxyethanol (1:6405) + tri- 
chloroacetic ac. (3 : 1 150). 

3:9256 (1) Meerwein, SOnke, Ber, 64, 2379 (1931). (2) Palomaa, Salmi, Korte, Ber. 72, 797 (1939). 
(3) Meerwein, SOnke, J. prakt. Chem. (2) 137, 309 (1933). 


3 : 9260 d,f-7-CHLORO-n-VALERYL CHLORIDE CsHaOCla 

CH8.CH.CH2.CH2~-C=0 

da da 

B.P. 61® at 8 mm. (1) 

[For prepn. of C from 7 -chloro-n- valeric acid (3:9270) with si. excess of SOCI 2 ( 100 % 
yield) see ( 1 ).] 

[C with EtZnI at —15® to —20® yields (2) 7-chloro-n-butyl ethyl ketone (6-chlorohepta- 


Beil. n — 
ni-(i32) 
Hy- 
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noiie-3) [Beil. Ii-(359)], b.p. 79® at 13 mnL (2) (semicarbazone, m.p. 129-129.5® (2), p- 
nitrophenylhydrazone, unrecryst. oil (2)); C with CeHfiZnBr at 0® yields (3) y-chloro-fi- 
butyl phenyl ketone [Beil. VIIi-(173)l, b.p. 155-166® at 15 mm. (3) (semicarbazone, m.p. 
123® (3)).] 

C on hydrolysis with aq. yields (1) r-chloro-n-valeric acid (3:9270); for the amide, 
anilide, and other derivs. corresp. to C see the acid (3:9270). 

8:9260 {1} Wohlgemuth, Compt. rend. 159 , SO (1914); Ann. chim. (9) 2, 301 (1914). (2) Wohlge- 
muth, Ann, chim. (9) 2, 405-406, 410-^12 (1914). (3) Ref. 2 , 417-419. 

3:9264 d-CHLORO-n-VALERYL CHLORIDE CsHgOCb Beil. S.N. 162 

CH 2 .CH 2 .CH 2 .CH 2 — C==0 

da da 

B.P. 75-80° at 6-8 mm. (1) 

[For prepn. of C from 5-chloro-n-valeric acid (3:0075) with SOCI 2 see (l).l 
3:9264 (1) Child, Pyman, J. Chem. Soc. 1931 , 41. 


3:9266 CHLOROPIVALYL CHLORIDE 

(^-Chloro-ajO-dimethylpropionyl 

chloride) 

B.P. 85-86® at 60 mm. (1) 


CHs CgHgOCb Beil. S.N. 162 
CHj— i — c=o 
dii djHa d:i 

= 1.4539 (1) 


[For prepn. of C from pivalyl chloride (trimethylacetyl chloride) (3:7450) with SO2CI2 + 
dibenzoyl peroxide in CCI4 see {1 ).l 


Chloropivalamide: pi. from aq., m.p. 108-109® (1). 

3:9266 (1) Kharasch, Brown, J. Am. Chem. Soc. 62, 925-929 (1940). 


3: 9267 6-CHLOROPENTANONE.2 CsHgOCl Beil. I — 


(■y-Chloro-?t-propyl 

CHz— CHz— CH2— C— Cllg 

k ■ 

Ii— 

methyl ketone) 

l2-(738) 

B.P. 76° at 34 mm. (6) 

74-75° at 23 mm. {!) 
71-78° at 20 mm. (2) 

Z)l® = 1.0671 <1) 

nj? = 1.4461 (1) 
nt* = 1.4371 <1) 


[For prepn. of C from 2,5-dichloropentene-2 (3:9202) by hydration with cone. H 2 SO 4 
(43% yield) see (1); from 2,5-epoxypentene-l (‘* a-methylenetetrahydrofuran *') (for 
whose prepn. + characteristics see (3)) by ring cleavage with cone. HCl see (4); from 
cyclopropyl methyl ketone cyanohydrin (“ acetyltrimethylene cyanohydrin'') with cone. 
HCl by ring cleavage and loss of HCN see (6); from a-acetobutyrolactone with HCl as 
directed see (6).] 

[C with 60% excess KOH on refluxing loses HCl and ring-closes giving (60% 3rield (2)) 
(6) cyclopropyl methyl ketone [Beil. VII-7, VIIi-(7)], b.p. 112-113® (5), D4® ~ 0.8993, 
** 1.4244 (corresp. semicarbazone, m.p. 120-121® (5)).] 

® 6-Chloropentanone semicarbazone: m.p. 92-93® (5), 91-92® (1). 



1276 LIQUIDS (WITH B.P. REPTD. AT RED. PRESS.) d:d267-B:d268 


8:9267 (1) D’yakonov, J. Gen. Chem. (U.S.S.R.) 10, 414-426 (1940); C.A. 34, 7861 (1940). 
(2) Zelinsky, Dengin, Ber. 65, 3360 (1922). (3) Paul, Bull. soc. chim. (4) 53, 425-426 (1933); 

(5) 2, 762-764 (1935). (4) Topchiev, Russ. 57,345. June 30, 1940; C.A. 36, 2509 (1942). <5) 

Khaletskii, J. Gen. Chem. (U.S.S.R.) 11, 319-323 (1941) ; Cent. 1942, 1 1364; C.A. 35, 5863 (1941) 

(6) Boon (to Imperial Chem. Ind. Ltd.), U.S. 2,370,392, Feb. 27, 1946; Brit. 558,286, Dec. 30 
1943; C.A. 39, 4090 (1945). 

3 : 9368 l-CHLOROPENTANONE-3 CfiHsOCl 

(/3-Chloroethyl ethyl ketone) CH3.CH2->C— CH2.CH2 

(i. 

B.P. eS'’ at 20 mm. (1) 

48-56^ at 13 mm. <2) 

57^ at 9 mm. (1) 

[For prepn. of C from propionyl chloride (3:7170) with ethylene -f AICI3 with or without 
diluent (50% yield (4)) (2), or over suitable cat. at 100-300° and at 20-200 atm. press. (3), 
see indie, refs.; from /3-chloropropionyl chloride (3:5690) with ZnEt2 in toluene (70% 
yield) see (I).] 

C with hot aq. alk. or alk. carbonates gives only resins, but C on boilg. with dry di- 
ethylaniline loses HCl yielding (y ethyl vinyl ketone [Beil. 1-731, l2-(791)], b.p. 96°. 

[C with diethyl sodio-malonate in ether gives (5) diethyl a-(7-keto-n-amyl)malonate, 
b.p. 166° at 14 mm. (5); C with sodio-acetylacetone yields (5) the triketone 3-acetyloctane- 
dione-2,6, b.p. 154° at 16 mm. (5); C with ethyl sodio-acetoacetate in ether yields (6) the 
expected ethyl octandione-2,6-carboxylatc-3 (3-carbethoxyoctanedione-2,6), b.p. 150° at 
8 mm. (6).] 

[C with diethylamine in ether in cold, followed by treatment with dil. aq. alk., yields (7) 
l-diethylaminopentanone-3, b.p. 84° at 13 mm., no = 1.4368 (7).] 

[C with aniline (2 moles) a little water reacts vigorously on warming yielding (8) 
l-anilinopentanone-3 [Beil. XII-214], this, from ether, m.p. 65.5° (8); note, however, that 
C with aniline htd. in abs. ale. or CeHe (8), or C with aniline htd. with cone. HCl (or 40% 
H2SO4) + nitrobenzene (or H37\s04), gives (9) (4) 4-ethylquinoline [Beil. XX-406, XXi- 
(153)].] 

[C with hydrazine hydrate in MeOH gives (80% yield (10)) by ring closure 3-ethyl-A*- 
pyrazoline [Beil. XXIII-32], liq., b.p. 76° at 22 mm. (10) (corresp. picrate, B.PkOH, yel. 
ndls. from 95° ale., m.p. 117° (10)). — C with phenylhydrazine in ether gives (10) by ring 
closure 3-ethyl-l-phenyl-A^-pyrazoline [Beil. XXIIl-32], oil, b.p. 155° at 9 mm. (10).] 

[C with NH2OH.HCI + K2CO3 in aq. MeOH htd. for a few minutes gives (20% yield 
(10)) by ring closure 3-ethyl-A^-isoxazoline [Beil. XXVII-13], oil, b.p. 69° at 11 mm. (10).] 

® l-Carbamido-3-ethyl-A^-pyrazoline: cryst. from EtOAc or CoHe, m.p. 96° (10). 
[Note that C with 1 equiv. semicarbazide HCl NaOAc in aq. immediately ppts. the 
corresp. semicarbazone; this on htg. with strong aq. NaOAc (or C + semicarbazide 
HCl -I- strong NaOAc soln. htd. directly) loses HCl and ring-closes to the indie, deriv. 
( 10 ).] 

3:9268 (l) Blaise, Maire, BuB. soc. chim. (4) 3, 268-271 (1908); Compt. rend, 142, 216 (1906). 
(2) Schoeller, Zdllner (to I.G.), U.S. 1,737,203, Nov. 26, 1929; Cent. 1939, II 1133; Brit. 282,412, 
Feb. 16, 1928; Cent. 1929, I 143. (3) Frolich, Wieaevich (to Standard Oil Development Co.), 

U.S. 2,006,198, June 25, 1936; Cent. 1936, I 2827. (4) Kenner, Statham, Ber. 69, 16-17 (1936). 
(6) Blaise, Maire, Bull. soc. chim. (4) 3, 421, 423 (1908). (6) Blaise, Maire, Bull. soc. chim. (4) 

3; 413-417 (1908). (7) Adamson, McQuiliin, Robinson, Simonsen, J. Chem. Soc. 1937, 1678. 

(8) Blaise, Maire, BuU. soc. chim. (4) 3, 659-660, 662-665 (1908). (9) Schering-Kahlbaum, A.G., 

Brit. 283,577, March 7, 1928; Cent. 1929, I 3148. (10) Blaise, Maire, Bull. soc. chim. (4) 3, 

272-279 (1908). 
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3:9269 l-CBXORO-8-MBTHn.Btn'ANONB-3 CH 3 CsHaOa 

chj-o-<!;h— CH s 


BeU. S.N. 87 


h 


B.P. 60-62° at 16 mm. (1) 


[For prepn. of C from 2-methylbutanon-3-ol-l (/3-acetyl-w- propyl ale.) [Beil. Ii-(422)] 
with 3 moles HCl (satd. at 0®), preferably in pres, of 6-10% AICI3 (60% yield, accompanied 
by some 2-methylbuten-l-one-3, b.p. 96-99®) see (1).] 

3:IKm (1) Deoombe, Compt. rend. 202, 1686-1687 (1936); Cent. 1036, II 1525. 


d,l-/3-CHLORO-n-VALEiaC ACID C6H9O2CI 

CHS.CH2.CH.CH2COOH 


B.P. 112® at 10 mm. 


M.P. 33® Df = 1.1484 


BeU. S.N. 162 


ni? = 1.4462 


See 3 : 0270. Division A: Solids. 


3:9270 <f,/-y-CHLORO-n-VALERIC ACID ^ C6H9O2CI 

CH3.CH.CH2.CH2.COOH 

k 


ni-(i3i) 

112 — 


B.P. 117° at 10 mm. (1) 
115-116° at 10 mm. (2) 


= 1.1614 (1) 
1.1610 (1) 


= 1.4468 (1) 
1.4466 (1> 


[For prepn. of C from r-n-valerolactone (1:5080) with cone. HCl at 150° see (2); from 
/J-ethylidene-propionic acid (penten-3-oic acid-1) [Beil. 11-426, Hi- (191), II2- (400)1 or 
from allyl-acetic acid (penten-4-oic acid-1) [Beil. 11-426, IIi-(191), ll2-(399)] with dry HCl 
gas in ether or heptane at —15® see (1).] [For opt. act. isomers of C see Beil. Il 2 -( 268 ) 
and subsequent literature.] 

C with SOCI2 yields (2) y-chloro-ri-valeryl chloride (3:9260). 

Methyl 7-chloro-n-valerate: unrecorded. 

Ethyl 7-^oro-n-valerate: b.p. 196® (see 3:8703). 

® 7-Chloro-n-valeramide: tbls. from ether, m.p. 79-79.6® (2). [Prom 7-chloro-n- 
valeryl chloride (3:9260) with cone. aq. NH4OH (2).] 

® 7-Chloro-n-valer-anilide: ndls. from pet. eth. + a little AcOH, m.p. 104® (2). [Prom 
7-chloro-n-valeryl chloride (3:9260) with aniline in ether soln. (2).] 

® 7-Chloro-n-valero-phenylhydrazide: ndls. from EtOAc, m.p. 100® (2). [From 7- 
chloro-n-valeryl chloride (3:9260) with 2 moles phenylhydrazine in ether (2).] 

3:6370 (1) Schjanberg, Ber. 70, 2385-2391 (1937). (2) Wohlgemuth, Compt, rend. 158, 1577 
(1914); Ann. chim. (9) 3, 298-304 (1914). 


CHLOROPIVALIC ACID 


CH3 

CHs— <! j-CC)OH 

ii ins 


C,H|, 0 ,CI 


Beil. S.N. 169 


B.P. 196-199° at SO mm. 

See 3 : 0140. JHneim A: SoUde. 


M.P. 40-49' 
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3:9280 f3-BTHOX7ETHYL CHLOROFORMATB CtHfOjCl Bett. S.H. 190 
(" CeUosolve " chloroformate; ( 32 H».O.CH 2 .CHj.O.CO.a 
/5-ethoxyethyl chlorocarbonate) 

B.P. 67.2“ at 14 mm. (1> I^ - 1.1341 (1) - 1.4169 (1) 

Colorless liq. insol. aq. 

[For prepn. (77% yield <1)) from /3-ethoxyethanol C CeUosolve ”) (1:6410) + phosgene 
(3:5000) see (1).] 

® jS-Ethoxyethyl carbamate: m.p. 62.2® ( 1 ). [From 6 + aq. NH 4 OH in 39% yield; 
cryst. from propylene chloride < 1 ).] 

3:9280 (1) Asburn. Collett. Lazzell, J. Am. Chem. 80 c. 60, 2933-2934 (1938). 


3:9285 /S-METHOXYETHYL CHLOROACETATE CBH 9 O 3 CI BeU. S.N. 160 
(Methyl “ ceUosolve ** chloroacetate) CH 2 .O.CH 3 

<!::h2.o.co.ch4C1 

B.P. 85-86“ at 9 mm. ( 1 ) = 1.2015 (1) = 1.43821 (1) 

60® at 1.3 mm. ( 1 ) 

Colorless oil. 

[For prepn. (80% yield <1)) from ethylene glycol monomethyl ether (1:6405) -f chloro- 
acetyl chloride (3:5235) in CHCI 3 sec (I).] 

C on shaking with aq. saponifies to )3-methoxyethanol (1:6405) -f chloroacetic ac. 
(3: 1370); titration of aq. soln. neutralizes 1 equiv. alk. (i.e., Sap. Eq. = 188.5). 

3:9286 (l) Meerwein, S^inke, J. prakt. Chem. (2) 137, 319-320 (1933). 


3:9287 fer-AMYL HYPOCHLORITE CH 3 CsHuOCl 

(Dimethyl^thyl-carbinyl cH 2 .CH 2 -(UcH, 

(!)a 


hypochlorite) 


B.P. see text. 


= 0.8547 (1) 


BeU. I — 

li- 

Ii-(423) 


{See also ter-bviyl hypochlorite (3:7165).] 

Yellow mobile liquid with irritating odor and giving vapor which violently attacks eyes 
and mucous membranes ( 1 ). — C boils with considerable decomposition; a thermometer 
in the vapor recorded 76° at 752 mm., but this cannot, of course, be regarded as a b.p. ( 1 ). 

C is relatively stable and even after 2 months (in dark) is practically unchanged ( 1 ); 
for study of stability of C in aq. or in CCI 4 see ( 2 ). — C on exposure to bright sunlight 
dec. quietly with evolution of heat leaving a colorless liq. contg. acetone (1:5400) and 
other prods. 

[For prepn. of C from ^-amyl ale. (1 : 6160) with CI 2 in aq. alk. < 1 ) < 3 ) or alk. earth ( 4 ) 
or with aq. HOCl in pres, of CCI 4 (90% yield (5)) { 2 ) see indie, refs.] 

C with KI 4* AcOH liberates I 2 quant, according to equation CbHuOCI + 2HI 
CftHiiOH + HCl + I 2 (use in quant, detn. of C {!)). 

[For reactn. of C with R 2 C=NMgX cpds. to yield AT-chloroimines see (3); for reactn. 
of C with Schiff’s bases see (5) < 6 ).] 



3:9287*3:9295 


DIVISION C 


1278 


8:9287 (1) Chattaway, Backeburg, J. Chem. Soc. 128 * 2999-3003 (1923). (2) Taylor, MaoMuUen, 
Gammal, J. Am, Chem, Soc, 47 * 397-398 (1925). (3) Hauser, Humble, Haus, J, Am, Chem, 
Soc. 54 * 2476-2480 (1932). (4) Deanesly (to Shell Development Co.), U.S. 1,938,176, Dec. 5 , 
1933; Cent. 1984 * 1 1709; C.A. 28* 1053 (1934). <5) Fusco, Musante, Gazz. chim. iUd. 66* 258-264 
(1936); Cent. 1936 * II 2341; C.A. 31 , 1777 (1937). (6) Musante, Fusco, Gazz, chim, itoL 66 , 

639-648 (1936); Cent. 1937 , I 1674; C.A. 31 * 3459 (1937). 


3 : 9290 d,/-2-CHLORO-2-METHYLBUTANOL-3 
(oe-Chloroisopropyl-methyl-carbinol) 

CHs- 


CbHiiOCI 
H CHa 

— i-cH» 

in <!)i 


BeU. I - 392 
Ij-(196) 

I,- 


No physical constants on C appear to be recorded. 

[For prepn. of C from 2,3-epoxy-2-methylbutane (trimethylethylene oxide) [Beil. XVII- 
18) by addn. of HCl see (1).] 

C passed over clay at 350° and 18 mm. pressure yields (2) 2-methylbutadiene-l,3 (iso- 
prene) (1:8020). 

8:9290 (1) Henry, Compt. rend. 144 , 311 (1907) ; Rec. trav. chim. 26 , 430-433 (1907). (2) Badische 

Anilin und Soda Fabrik, Ger. 255,519, Jan 3, 1913; Cent. 1913 , 1 476. 


3 ; 9295 6-CHLOROPENTANOL-l 

(<o-Chloro-n-amyl alcohol) 

B.P. 114° at 16 mm. <1) 


CH 2 .(CH 2 ) 3 .CH 20 H 




C5H110C1 


Beil. S.N. 24 


[For prepn. of C from a, w-pcntamcthylcne glycol (1:6519) ^^ith SOCI2 (35% yield <2)) 
or with S2CI2 (35% yield (1)) see indie, refs.] 

C with aliphatic mercaptans has apparently not been studied. [However, 5-chloro-n- 
amyl acetate (see below) with MeSH in MeOH/KOH yields (1) 5-hydroxy-n-amyl methyl 
sulfide, b.p. 121° at 16 mm., Df® = 0.9846, = 1.488185 (corresp. iV-phenylcarbamate, 

m.p. 43.5°); this prod, with SOCI2 gives (75% yield (3)) 5-chloro-n-amyl methyl sulfide, 
b.p. 94° at 15 mm., = 1.0300, — 1.48597. — Similarly 5-chloro-n-amyl acetate 

with EtSH in ale. KOH gives (68% yield (4)) 5-hydroxy-n-amyl ethyl sulfide, b.p. 135° 
at 20 nun.; this prod, with SOCI2 + diethylaniline in CCI4 gives (64% yield <4)) 5-chloro-n- 
amyl ethyl sulfide b.p. 122° at 25 mm. <4).] 

C with aromatic mercaptans has apparently not been studied. [However, 5-chloro-n- 
amyl acetate (see below) with thiophenol in ale. KOH gives (1) 5-hydroxy-n-amyl sulfide, 
ndls. from It. pet., m.p. 31.5° (corresp. iV-phenylcarbamate, m.p. 59°); this prod, with 
SOCI2 + dimethylaniline in CHCI3 gives <3) 5-chloro-n-amyl phenyl sulfide, b.p. 174° at 
14 mm., si. dec., 140° at 1 mm., = 1.1065, nf? = 1.56040.] 

C with Et2NH appears never to have been studied. [However, the prod, to be expected, 
viz., 5-(diethylamino)pentanol-l, b.p. 131° at 23-24 mm. (5), 125° at 18 mm. (6), Dio == 
0.8842 (5), nf? = 1.4642 (5), has been reported by other means; this prod, with SOCI2 in 
CHCI3 would be expected to yield 5-(diethylamino)-7j-amyl chloride, but this cannot be 
isolated in the free state owing to its isomerization (7) to N~ethy\ l-ethyl-2-methylpyrrolidi- 
nium chloride.] 

C with morpholine gives (8) aim. quant. 5-(4-morpholinyl)pentanol-l, b.p. 133.0-133.5° 
at 5 mm., DJ® = 1.005, ni> = 1.4755 (corresp. N-phenylcarbamate, m.p. 55.5-57.0° cor.) 
(8). — C (1 mole) with N-phenylpiperazine (2 moles) at 100° for 5 hrs. ^ves (2) in aim. 
100% yield (as salt) iV-(5-hydroxy-n-amyl)-i\r'-phenyIpiperazine, m.p. 74.0-76.0° cor. 
(corresp. N-phenylcarbamate, m.p. 100.0-101.5° cor.) (2). 
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3:9295 


5-Chloro-n-amyl acetate: b.p. 103® at 18 mm., - 1.0648, rff =* 1.43791 (1). 

(S 6-Chloro-n>amyl ^-phenylcarbamate: m.p. 72® (1). 

3:9295 (1) Bennett, Heathcoat, J. Chem. Soc. 1929 , 273-274. (2) Anderson, Pollard, J. Am. 
Chem. Soc. 61 , 3439^3440 (1939). (3) Bennett, Heathcoat, Mosses, J. Chem. Soc. 1929 , 2669- 

2571. (4) Bennett, Turner, J. Chem. Soc. 1938 , 814-815. (5) Magidson, Strukow, Arch. Pharm. 

271 , 676 (1933). (6) von Braun, Ber. 49 , 974 (1916). (7) Clemo, Hook, /. Chem. Soc. 1936 , 

608^09. (8) Anderson, Pollard, J. Am, Chem. Soc. 61 , 3^0-3441 (1939). 



CHAPTER XXI 


DIVISION C. LIQUIDS WITH BOILING POINTS REPORTED ONLY 
UNDER REDUCED PRESSURE 

3 ; 9300-3 : 9599 (Cc-Cs inclusive) 

(Arranged in sequence of empirical formulas) 


1,2, 4,4,6, 6 -HEXACHLOROCYCLOHEXEN- 
l-DION£-3,6 

Hexachlororesorcinol ”) qI 


0 C 6 O 2 CI 6 Beil. VII - 272 
II VIIi— 


B.P. 159-160" at 13-16 mm. 

iSee3:3470. Division A: Solids. 


M.P. 115" 


3:9300 3,4-DICHLOROH£XAT£TRA£N£-l,2,4,6 C 6 H 4 CI 2 Beil. S.N. 14 

Cl Cl 

CH2=C=(!^i=C=CH2 

B.P. 38-40° at 8 mm. ( 1 ) = 1.1819 ( 1 ) nf? = 1.5466 ( 1 ) 

[For prepn. of C from l,3,4,6-tetrachlorohexadiene-2,4 (3:9306) with 15% excess KOH 
in abs. MeOH at 10-15" (a much larger amt. of l,3,4-trichlorohexatriene-2,4,5 (3:9302) 
is also formed) see (1).] 

3:9300 (1) Coffman, Carothers, J. Am. Chem. Soc. 66, 2040-2047 (1933). 


Beil. S.N. 14 


1.5456 (1) 


3 ; 9302 3,4,6.TRICHLOROHEXATRI£N£.l,2,4 CeHsCls 

Cl Cl Cl 

CH2==o==(l!— i===CH— in. 


Beil. S.N. 13 


B.P. 60° at 1 mm. (1) = 1.3133 (1) = 1.6617 <1) 

[For prepn. of C from l,3,4,6-tetrachlorohexadiene-2,4 (3:9306) with 15% excess KOH 
in abs, MeOH at 10-15" (a small amt. of 3,4-<iichlorohexatetraene-l,2,4,5 (3:9300) is also 
formed) see (1).] 

3:9302 (1) Coffman, Carothers, J. Am. Chem. Soc. 65, 2040-2047 (1933). 

3:9304 3,6-DICHLOROH£XATRI£N£-l,3,4 CeHeCU BeiL S.N. 13 

Cl Cl 

ct?=ch--<!!=m>=€h— in, 

2^ = 1.1807 (1) - 1.6196 <1) 


B.P. 46-46° at 3 mm. (1) 
38° at 1 mm. (1) 
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3:9304-3:9308 


(For prepn. of C from hexadien-2,5-yne-3 (divinylacetylene) (2) with CI 2 in CCI 4 at 
—50® (20-^% yield together with other products) or in small yield with HOCl see <!).] 

• C slowly polymerizes, changing in 3 months to a viscous sirup (1). 

C on cat. hydrogenation in EtOAc yields n^hexane (1:8530), b.p. 69-70® (1). 

C on further treatment with CI 2 in CCI 4 at 5-10® gives (1) l,3,4,6-tetrachlorohexadiene-2,4 
(3:9306), b.p. 85-92® at 3 mm., Df = 1.4902, ng = 1.5458 (1). 

C with cone. HCl contg. CU 2 CI 2 shaken for 12 hrs. at 27® adds HCl yielding <1) 3,3,6- 
trichlorohexadiene-1,4 (3:9308) q.v. 

C refluxed with stirring for 8 hrs. with 6 pts. aq. contg. 2 moles Na 2 C 03 gives (1) chloride 
ion corresp. to one of the two initial halogenations together with a soft sticky resin. — C 
with MeOH/KOH at 10-15® or with NaOMe in dry MeOH loses 1 HCl giving excellent 
yield (1) of 3-chlorohexatetraene-l, 3,4,5 (3:7735). 

C on oxidn. with aq. KMn 04 yields (1) chloroacetic acid (3:1370). 

3:9304 (1) Coffman, Carothers, J. Am. Chem. Soc. 55 , 2040-2047 (1933). (2) Nieuwland, 

Calcott, Downing, Carter, J. Am. Chem. Soc. 53 , 4200-4202 (1931). 

3:9306 l,3,4,6-TETRACHLOROHEXADIENE-2,4 CelleCU Beil. S.N. 12 

Cl Cl Cl Cl 

ins— CH=(!:— i;=CH— in* 

B.P. 84-89° at 2 mm. (1) = 1.4013 (1) = 1.5465 <1) 

[For prepn. of C from hexadien-2,5-yne-3 (divinylacetylene) (2) with CI 2 at —40® to —50® 
(together with other products) see <!).] 

C treated directly with CI 2 for 8 hrs, at 60-70® gives (23% yield (1)) 1,2,3,4,5,6-hexa- 
chlorohexene-3 (3:1220), m.p. 57-58® (1). 

C refluxed for 8 hrs. with stirring with aq. Na 2 C 03 soln. gives (1) chloride ion corresp. 
to two of the initial four chlorine atoms. — C with abs. MeOH/KOH at 10-15® loses HCl 
in each of two ways yielding (1) both l,3,4-trichlorohexatriene-2,4,5 (3:9302) and 3,4- 
dichlorohexatetraene-1,2,4,5 (3 : 9300). 

C on oxidn. with aq. KMn 04 for 5 hrs. at 35-40® gives (1) chloroacetic acid (3:1370). 

3:9306 (l) Coffman, Carothers, J. Am. Chem. Soc. 55 , 2040-2047 (1933). (2) Nieuwland, 

CaJeott, Downing, Carter, J. Am. Chem. Soc. 53 , 4200-4202 (1931). 

l,2,3,4,6,6-HEXACHLOROHEXENE-3 CeHcCle BeiL S.N. 11 

Cl Cl Cl Cl Cl Cl 

(1jh 2 — dj — (!]j=====(!) — ([j — (!yH2 

i k 

B.P. 110-112® at 2 mm. M.P. 58-59® 

See 3:1220. Division A: Solids. 

3:9308 8,3,6-TRICHLOROHEXADIEN£-l,4 CsHtCIs BeiL S.N. 12 

Cl Cl 

CHf=CH— <!>— CH=CH— in, 

!1 

1^-1.3036(1) 1.558^(1) 


B.F. 100-103° at 4 mm. (!)■ 
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[For prepn. of C from 3,6-dichlorohexatrien6-l,3,4 (3:9304) with cone. HCl contg. Cu2Cl2 
by shaking for 12 hrs. at 2T see (1).] 

C refluxed with stirring for 7 hrs. with aq. Na2C03 gives (1) chloride ion corresp. to three 
halogen atoms but the org. product was not identified. 

C on oxidn. with alk. KMn04 for 4 hrs. at 30-40° yields (1) chloroacetic acid (3:1370). 

3:9398 (l) Coffman, Carothers, J , Am. Chem. Soc. 55, 2040-2047 (1933). 

3:9310 l,3-DICHLOROH£XADI£N£.2,4 C 6 H 8 CI 2 BeiL S.N. 12 

(Divinylacetylene dihydrochloride) 

Cl Cl 

CHir-CH=CH— (!3=CH— in* 

B.P. 80-82” at 17 mm. (1) .. 1.1456 (1) nf? 1.6271 (1) 

[For prepn. of C (53% yield (1 )) from divinylacetylene by shaking with 12 iV HCl contg. 
CU2CI2 see (1).] ^ 

C refluxed with NaOAc + AcOH yields (by reactn. of one chlorine atom) l-acetoxy-3- 
chlorohexadiene-2,4, bp. 84-85° at 3 mm., = 1.0915, nf? = 1.4890 (1). — Similarly 
C on htg. with MeOII/KOH yields (1) l-methoxy-3-chlorohexadiene-2,4, n.p. 88-92° at 
30_mm., Df = 1.0239, = 1.4928 (1). 

C on oxidn. with aq. KMn04 in K2CO3 soln. gives (1) chloroacetic acid (3 : 1370) + acetic 
acid (1:1010). 

C with naphthoquinone-1,4 (1:9040) or with maleic anhydride (1:0625) gives (1) only 
a small amt. of dark gummy material. 

3:9310 ( 1 ) Coffman, Nieuwland, Carothers, /. Am. Chem, Soc. 55, 2048-2051 (1933). 

3:9312 3-CHLOROH£XADI£N£-l,3 Cl CsHeCl Beil. S.N. 12 

CH3.CHr-CH=(!^CH=CH2 

B.P. 68.2-69” at 117 mm. (1» 1^® = 0.9390 (1) n?? - 1.4770 <1) 

[For prepn. of C from a-ethyl-/9-vinylacetylene by shaking with cone. HCl contg. 
CU2CI2 H- NH4CI see (1).1_ 

[For polymerization of C see (1) <2).l 

C on htg. with 2 pts. naphthoquinone-1,4 (1:9040) for 2 hrs. at 100° then suspended in 
ale. NaOH and aerated gives (1) 2-chloro-l-ethylanthraquinone, yel. ndls. from ale., m.p. 
151-152° (1). 

[For study of another chlorohexadiene obtd. from allyl chloride (3:7035) by actn. of 
NaNH2 in Uq. NHg see {3).] 

3:9313 (l) Jacobson, Carothers, J. Am. Chem. Soc. 55, 1624-1627 (1933). (2) Carothers, 

Coffman (to du Pont), U.S. 1,950,441, March 13, 1934; Cent 1934, II 1037; C.A. 28, 3270 (1934). 
(3) Kharasch, Nudenberg, Sternfeld, J. Am. Chem. Soc. 82, 2034-2035 (1940). 

3:9314 l-CHLORO-3-M£THYLP£NTADI£N£-l,2 CeHgCl BeiL S.N. 12 

CHa Cl 
cH(,--ch 2— i==c==(!:H 

B.P. 68-70” at 100 mm. (1) - 0.9562 (1) n? - 1.46967 (1) 

[For formn. of C from 3-methylpentyn-l-ol-3 (ethyl-ethynyl-methyl-carbinol) by shaking 
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3:9314-^:9320 


with cone. HCl contg. CU2CI2 + NH4CI see (1) (considerable 3-chloro-3-methylpentyne-l 
(3:9322) is also formed}.] 

C on stdg. 8 months with CU2CI2, NH4CI, plus a few drops cone. HCl isomerized to 1- 
chloro-3-methylbutadiene-l,3 (3:7355) (1). 

3:9314 (1) Favorskaya, Zakharova, J. Gen. Chem. (U.S.S R.) 10 , 448-450 (1940); C.A. 34 , 7844 
(1940). 

3:9316 l-CHLORO-3-METHYLPENTADIENE-l,3 CsHgCl Beil. S.N. 12 

CH3 Cl 

CHr-CH=(!)— CH=(!3H 

B.P. 68-63° at 100 mm. (1) = 0.9574 (1) = 1.47714 (1) 

[For prepn. of C from l-chloro-3-methylpentadiene-l,2 (3:9314) by stdg. 8 months with 
CU2CI2, NH4CI, plus a few drops cone. IICl see (1).] 

C reacts with maleic anhydride (1:0625) to give a mixt. from which after hydrolysis two 
acids, one m.p. 218-220°, the other, m.p. 350-351°, are obtd. (1). 

3:0310 ( 1 ) Favorskaya, Zakharova, J. Oen. Chem. (U.S.S R), 10 , 446-450 (1940); C.A. 34 , 7844 
(1940). 

3:9318 2-CHLORO-3-METHyLPENTADIENE-l,3 C 6 H 9 CI BeiL S.N. 12 

CH3 Cl 

CHr-CH=(!; — (I;=CH2 

B.P. 67-60° at 96 mm. <1) J!^" = 0.9437 (1) n?? = 1.4671 (1) 

[For prepn. of C from 3-methylpenten-2-yne-4 in 22% yield (1) by shaking for 5^ hrs. 
at 20° with cone. HCl contg. CU2CI2 + NH4CI see (1).] 

C on htg. with 2 pts. naphthoquinone- 1,4 (1:9040) for 1 hr. at 100° gives (1) on cooling 
2-chloro-3,4-dimethyltetrahydroanthraquinone, colorless ndls. from aq. acetone, m.p. 107° 
(1); suspension of this intermediate in dil. ale. NaOH and aeration until the purple solution 
becomes yellow gives (1) 2-chloro-3,4-dimethylanthraquinone, yel. cryst. from AcOH, 
m.p. 171.5° <1). 

[For polymerization of C see (1) (2).] 

3:9318 ( 1 ) Carothers, Coffman, J. Am. Chem. Soc. 54 , 4075-4076 (1932). (2) Carothers, Coffman 

(to du Pont), U.S. 1,950,441. March 13, 1934; Cent. 1934 , II 1038; C.A. 28 , 3270 (1934). 

3:9320 l-CHLOROHEXYNE-l CeHsCl BeU. S.N. 12 

CH8.CH2.CH2.CH2— C=C— Cl 

B.P. 47° at 66 mm. (1) = 1.43350 (1) 

[For prepn. of C from hexyne-1 (1:8055) by conversion in liq. NH3 to C4H9.C^C — 
and treatment of this prod, in ether suspension with CI2 at —32° see (2) (3); for prepn. of 
C from C4H9.C^C.Na with benzenesulfonyl chloride in ether see (!) (4).] 

6 in MeOH 4* HgO -f- BF3 as specified (2) adds 2 MeOH giving in 83% yield 1-chloro- 
2,2-dimethoxyhexane, b.p. 77-80° at 14 mm., Di® = 0.9873, nj} = 1.4305 (2). 

3:9329 (l) Pflaum, Wenzke, J. Am. Chem. Soc. 66, 1106-1107 (1934). (2) Verbanc, Hennion, 
J. Am. Chem. Soc. 60 , 1711-1713 (1938). (3) McCusker, Vogt, J. Am, Chem. Soo, 69 , 1308- 
1309 (1937). (4) Tnichet, Ann. chim. (10) 16 , 309-416 (1931). 
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3:9322 S-CHLORO-a-METHYLPENTYNE-l CHs CeH^a BeiL aN. 12 

(Ethyl-ethynyl-methyl-carbinyl I ^ 

chloride) CH 3 .CHir-(^C=CH 

Cl 

B.P. 65® at 130 mm. (1> « 0.9163 (1) ng « 1.4330 <1) {2> 

61-52® at 136 mm. <2) 0.9140 <2) 

48-60® at 100 mm. <3) 0.9141 (3) -- 1.42963 <3) 

[For prepn. of C from 3-methylpentyn-l-ol-3 (ethyl-ethynyl-methyl-carbinol) by shaking 
with cone. HCl (40% yield (2>) best overnight (60% yield (1>); if the acid also contains 
CU2CI2 + NH4CI, C is accompanied (3) by l-chloro-3-methylpentadiene-l,2 (3:9314).] 
[Not« that dry HCl at 0® reacts with the ale. only slightly while PCI3 + pyridine gave a 
product difficult to purify (1).] 

C with CHsMgBr gives (66% yield (1)) 3,3-dimethylpentyne-l, b.p. 69® at 100 mm., 
Dj® = 0.7610, = 1.4360; C with CaHsMgBr gives (61% yield (1)) 3-ethyl-3-methyl- 

pentyne-l, b.p. 88® at 100 mm., Dj® = 0.7714, nf? = 1.4386. [In orig. paper these products 
are incorrectly numbered and named.) 

8:9322 <1) Campbell, Eby, J. Am. Chem. Soc. 92. 1798-1800 (1940). (2) K. N. Campbell, B. K. 

Campbell, Eby, J. Am. Chem. Soc. 60, 2882-2884 (1938). (3) Favorskaya, Zakharova, J. Qen, 

Chem. (U.S.S.R.) 10, 446-450 (1940); C.A. 34, 7844 (1940). 


3:9324 4-CHLORO-4-METHYLPENTYNE-2 CH3 CsHqCI BeU. S.N. 12 

(Trimethylpropargyl chloride) q—q (I 

B.P. 67-61° at 47 mm. (1) = 1.4143 <1) 


[For prepn. of C (33% yield (1)) from 2-methylpropyn-3.«l-2 (trimethylpropargyl 
alcohol) with PCI3 in dry ether see (1).] 

C in acetone refluxed 4 hrs. with K2CO3 and phenol gives (69% yield <!)) phenyl tri- 
methylpropargyl ether, nf? = 1.3408, but undistillable without decomposition <1). 

3:9324 (l) Hurd, Cohen, J. Am. Chem. Soc. 63, 1074 (1931). 


3:9326 1,1,2-TRICHLOROHEXENE-l Cl Cl 
CHs.cH2.cH2.CH2— (!!=i 


CeHuCls 


BeiL S.N. 11 




B.P. 00-93° at 10 mm. (1) (2) 


K*® = 1.286 (1) (2) ng = 1.4760 (1) (2> 


This compound was at first (2) thought to be 1,2,2-trichlorohexane but later (1) was 
established as C. 


[For formn. of C from hexyne-1 (n-butylacetylene) (1:8055) with CI2 in aq. (ct^BuOH, 
MeOAc, AcOH, or AejO at 45® <2) or in 35% aq. HCl, 30% aq. H2SO4, 30% H3PO4, or 
22% MeOH/HCl (1) see indie, refs.) 


3:9326 (1) Norris, Hennion, J. Am. Chem.- Soc. 62, 449-450 (1940). (2) Norris, Vogt, Hennion, 
/. Am. Chem. Soc. 61, 1460-1461 (1939). 
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8:0328-3:9332 


3:9328 M4f2,2-FBirrACHLOROH£XAN£ Cl Cl CeHsCU BeU. S.N. 10 


C!H|.CH 2 .CH 2 .CH 2 -<!!— (Ij— ca 

<!a ii 


B.P. 129-131' at 10 mm. (1) D?? = 1.370 (1) = 1.4980 (1) 

[For formn. of C from hexyne -1 (71-butylacetylene) (1:8055) with CI 2 in MeOAc at 46® 
( 1 ) or in 35% aq. HCl, 30% aq. H 2 SO 4 , 30% aq. H 3 PO 4 , or 22% MeOH/HCl (2) (together 
with other products) see indie, refs.] 

3:9328 (1) Norris, Vogt. Hennion, J. Am. Chem. Soc. 61, 1460-1461 (1039). (2) Norris, Hennion, 
/. Am. Chem. Soc. 62, 449-450 (1940). 


3:9330 i,2-DICHLOROH£X£NE-l 

C4H9~c--a 
H— |j— Cl 


cis form 

B.P. 88® at 30 mm. <1) 
80-82® at 26 mm. <2) 


trans form 

B.P. 63-66® at 32 mm. <1) 
66-67® at 26 mm. (2) 


C 6 H 10 CI 2 BeiL S.N. 11 

C4H2-a- Cl 

a-i-R 

tram 

1 ^® = 1.0812 (1) ng = 1.4631 (1> 
D?? = 1.076 (2) 1.4629 (2) 


Z^® = 1.1167 (1) = 1.4576 (1) 

Di® = 1.061 (2) 1.4643 <2) 


(For prepn. of C (a, form) from 2-chIorohexene-l (3:7530) with Cl, in CCU at 35-40° 
<1) (yield 26.7% together with 25.4% of 1,1,2,2-tetrachlorohexane (3:9332)) <1) or in 
AC 2 O, or AcOH (2), see indie, refs.; for prepn. of C {trans form) from hexyne-1 (1:8056) 
with CI 2 in CCI 4 or heptane in pres, pf trace of SbCU (yield 19.6% together with 30.6% 
yield of 1,1,2,2-tetrachlorohexane (3:9332)) <1) or in aq. or <er-BuOH (2) see indie, refs.; 
for prepn. of C (both forms) from hexyne-1 {1 : 8056) -f CI 2 in cone. HCI, 30% H 2 SO 4 , 
30% H 8 PO 4 , or MeOH satd. with HCl (together with other prods.) see (3) (4) or in MeOAc 
see (2).] 

Neither cis nor trans forms of C will add HCl even in pres, of Bids <1) (3). 


3:9330 (l) Hennion, Welsh, J. Am. Chem. Soc. 62, 1367-1368 (1940). (2) Norris, Vogt, Hennion, 
J. Am. Chem. Soc. 61, 1460-1461 (1939). <3) Norris, Hennion, J. Am. Chem. Soc. 62, 449-A50 

(1940). (4) Verbanc, Hennion, J. Am. Chem. Soc. 60, 1711-1713 (1938). 


3:9332 l,l,2,2.TETRACHLOROHEXANE Cl Cl CeHioCU Beil. S.N. 10 

ch,.ch2.ch2.ch2— (!>-(!;h 

ii da 

B.P. 99-101' at 14 mm. <1) Z^® = 1.3096 <1) nf,® 1.4888 <1) 

108-110' at 10 mm. (1) Z>i® = 1.320 (2) 1.4890 (2) 

[For formn. of C from hexyne-1 (?i-butylacetylene) (1:8055) with CI 2 in aq., MeOAc, 
AC 2 O, or AcOH at 46° (1), or in 35% aq. HCl, 30% aq. H 2 SO 4 , 30% aq. H 3 PO 4 , or 22% 
MeOH/HCl (3), or in CCI 4 + SbCU (30.6% yield (1)) (together with other products) see 
indie, refs.; for formn. of C from 2-chlorohexene-l (3:7530) with CI 2 in CeHe + Bids at 
36-40® (25.4% yield C + 26.7% yield cis 1,2-dichlorohexene-l (3:9330)) see (1).] 
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8:8332 (1) Hennion, Welsh, J. Am. Chem. Soc. 62 , 1367-1368 (1940). <2) Norru, Vogt, Hennion, 
J. Am. Chem. Soc. 61 , 1460-1461 (1939). (3) Norris, Hennion, J. Am. Chem. Soe. 62 , 449-460 

(1940). 

3:9334 cr,^3-CHLOROH£XEN£-l Cl CsHnCl BeiL S.N. 11 


[This compound is as yet. unrecorded: a dextrorotatory isomeride has been prepared (1) 
from levorotatory he\en-l-ol-3 with PCI3 in pyridine. Although distd. at 20 mm., no 
b.p. was reported (1).] 

3:8334 <1) Levene, Haller, J. Biol. Chem. 83, 595 (1929); 


CHa.CHj!— (!)— CHr-CH=CH, 


3:9336 cu-l-CHLOROHEXENE-3 H H C«Hua Beil. S.N. 11 

CH3.CH2. cU .CHj.CHjCl 

B.P. 69-61° at 60 nun. (1) Di* = 0.900 <1J = 1.436 (1) 

Two geometrical stereoisomers of this structure are theoretically possible, but only that 
with the CIS configuration (C) has as yet been recognized. 

[For prepn. of C from ci«-hexcn-3K)H [Beil. li-(229), l2-(486)] (1) (2) (b.p. 156.1° at 
760 mm. (3), 63.3° at 14 mm. <3), Di^ ® = 0.8478 (2), = 1.4373 (2); 3,6-dinitrobenzoate, 

m.p. 44.5-46°, iV-(a-naphthyl)carbamate, m.p. 80° (4)) with SOCI2 + pyridine in CHCI3 
(72% yield (1)) see (1).] 

C with Nal htd. 12 hrs. in acetone yields (1) l-iodohexene-3, b.p. 62-63° at 12 mm., 
Dl^ = 1.469 (1). 

C fails to react with activated Mg in dry ether, but the corresponding iodo cpd. (see 
above) yields the corresp. RMgl (1), and a mixt. of both can be used (5). 

3:9336 (1) Ruzicka, Schinz, Helv. Chim. Acta 17, 1606 (1934). (2) Stoll, Rouv6, Helv. Chim. 
Acta 21, 1542-1547 (1938). (3) von Rechonberg, J. prakt. Chem. (2) 101, 120 (1920). (4) van 

Romburgh, Proc. Acad. Sci. Amsterdam 22, 758-761 (1920); C.A. 14, 2780 (1920). (5) Stoll, 

BoUe, Helv. Chim. Acta 21, 1551 (1938). 


3:9338 d,M-CHLORO-3-METHYLPENTENE-2 Cl CH3 CeHnCl Beil. I — 
(a,6,7-Triraethylallyl chloride) CH,— i— i==CH— CH, 


B.P. 41-43° at 31 nun. (1) 

Note: although the product is as yet unrecognized, C by virtue of allylic transposition 
may conceivably be in equilibrium with its synionic isomer 2-chloro-3-methylbutene-3. 

[For prepn. of C (75-80% yield <!)) from 3-methylpenten-2-ol-4 [Beil. 1-445] by distn. 
with 6 N HCl see (1).] 

C with quinoline at 170° loses HCl giving (66% yield (1)) 3-methylpentadiene-l,3 [Beil. 
Ii-(118), l2-(231)], b.p. 76°. 

8:8338 (l) Abelmaim, Ber. 43, 1579, 1583 (1910). 
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):0340 d^-l,6-DICHL0R0H£XAN£ CeHisCla 

a Cl 

CHr-<!v-CHj.CHa.CHs.<!:H* 

A 


B.P. 74^-78“ at 10 mm. {1) 


BeiLI- 144 
Ii-{ 58) 

Ir- 


Heavy oil with agreeable odor. — Insol. aq. 

[For prepn. of C (50% yield <1)) from i\r-benzoyl-2-methylpiperidine (JV-benzoyl-a- 
pipecoline) [Beil. XX-97] with PCls (1), from hexanediol-1,5 [Beil. 1-484] or the corre- 
sponding internal ether, 2-methyltetrahydropyran [Beil. XVII-13], by repeated treatment 
with HCl (2), or from hexamethylenediamine [Beil. IV-269] with NOCl (3) see indie, refs.] 


3:9340 (1) von Braun, Sobecki, Ber. 44 , 1042-1043 (1911). (2) Lipp, Ber. 18 , 3283-3286 ( 1885 ). 
(3) Ssolonina, J. Bws. Phj/s.-Chem. Soc, 30 , 606-632 (1898) ; Cent. 1899 , I 25. 


3:9343 2,2-DICHLOROH£XAN£ Cl CeHi 2 Cl 2 BeU. S.N. 10 

CH,.CHs.CH,.CHr-(!v-CH8 

B.P. 68® at 49 mm. <1) DJ® = 1.0150 (1) nff « 1.4353 (1) 

[For formn. of C (40% yield (1 ) together with 20% yield (1 ) of 2-chlorohexene-l (3 : 7530) ) 
from hexyne-1 (1:8055) with HCl gas + BiCla see (1).] 

C htd. at 95° with soln. of solid KOH in n-propyl ale. gives (60.5% yield (1)) 2-ohloro- 
hexene-1 (3:7530). 

3:9342 (l) Hennion, Welsh, J. Am. Chem. Soc. 62 , 1367-1368 (1940). 


3:9344 3,4-DICHLOROHEXANE Cl Cl CeH^Clz BeiL S.N. 10 

CH3.CH1!— <!)— ^CH,.CH 3 

B.P. 69-70° at 30 mm. (1) = 1.055 (1) nj? = 1.4490 <1) 

Colorless liq. with sweetish odor. 

[For prepn. of C from hexene-3 (1:8270) with CI2 in CHCI3 at —30® to —40® (67% yield 
(1)), or with SO2CI2 at 40-50° (1), or with PCI5 in CCI4 (1) see (1).] 

3:9344 (l) Spiegler, Tinker, J. Am. Chem. Soc. 61 , 941-942 (1939). 

3 : 9346 <i,f-2,3-DICHLORO-2-METHYLPENTANE C 6 H 12 CI 2 BeU. I — 

H CHa Ii— 

CH,.CHii— i— <!;— CH, Ij-(lll) 

ii ii 

B.P. 8S-84° at 48 mm. (1) 

[For formn. of C from 2-methylpentene-2 (1:8275) with CI2 in CHCls (some 2-(or 3)- 
chloro-2-methylpentane (3:7490) is also formed) see <!).] 

3:9346 (1) van Risseghem, BvM. soe. chim. Belg. 32 , 149-150 (1923). 
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3:9348 if^-l-CHLORO-3-M£THYLP£NTAN£ OeHisQ BeiL S.N. 10 

CHs Cl 

CHi-CHr- dj-GHj-in* 


C itself seems to be unreported. 

[The dextrorotatory isomer of C has, however, been studied (1) (2) (3). For prepn. of 
it from dextrorotatory 3-methylpentanol-l with SOCI 2 see (1); b.p. 73® at 100 mm. <1), 
DV « 0.892, - 1.4210 <1). — With Mg in dry ether this isomer yields <2) (3) RMgCl 
which with CO 2 gives (2) (3) dextrorotatory 3-methylhexanoic acid-6, b.p. 115® at 16 mm. 
(2) (3), Df = 0.923 (3).] 

3:9348 (l) Levene, Marker, J. Biol. Chem. 91, 86 (1931). (2) Levene, Marker, J. Bid. Chem. 
95, 1) (1932). (3) Levene, Marker, J. Biol. Chem. 95, 161 (1932). 


3:9350 d,l-2-CHLORO-3-M£THYLPENTAN£ CeHiaCl Beil. S.N. 10 

(5ec.-Butyl-methyl-carbinyl chloride) CHs H 

d; — d)— CH, 

i dll 

B.P. 71.1-73.3<’ at 160 mm. (1) 


[For formn. of C (together with other products) in reaction of 2-ethylbutanol-l(l :6223) 
with HCl H- ZnCl 2 see (1)]. 

C with Mg 4* dry ether yields <1) RMgCl which with O 2 yields (1) 3-methylpentanol-2 
(1:6202); this ale. upon oxidn. with Cr 03 /H 2 S 04 yields (1) 3-methylpentanone-2 (2,4- 
initrophenylhydrazone, m.p. 71.2® (2), 70.5-72.5® (1)). 


3:9350 (1) Whitmore, Kamatz, J. Am. Chem. Soc. 60, 2535 (1938). (2) Drake, Veitoh, J. Am. 
Chem. Soc. 57, 2624 (1935). 


8-CHLOROCAT£CHOL OH 



B.P. 110-111® at 11 mm. M.P. 47® 

/See 3:0745. Division A: Solids. 

— 4-CHLOROCAT£CHOL OH 



B.P. 139® at 10 nun. M.P. 90-91® 


CeHsOzCl BeU. VI — 

VIi-(388) 

Vlr- 


C 6 H 6 O 2 CI Beil. VI - 783 
' VIi-(389) 
Vl2-(787) 


/See 3: 2470. Division A: Solids. 
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3:9351-3:9352 


3:9351 DXMBTHVL CBLOROMALEATE CtH 704 a BeiLH — 



Cl— C— C(X)CH8 


ni-(306) 


H— (ll- COOCH, 


n,-(646) 

B.P. 106.5° COT. at 18 mm. <1) 

= 1.2776 

(1) 


100° at 17 mm. {2) 

D,® = 1.276 

(2) 

n^, =< 1.461 (2) 


Di®* = 1.2775 (2) lik®e® = 1.46170 (2) 

[For prepn. of C from chloromaleic anhydride (3:0280) with abs. MeOH + cone. H^04 
in cold see (2).] 

3:9351 (1) Walden, Swinne, Z. phyaik. Ckem. 79, 741 (1912). (2) von Auwers, Harres, Ber. 92, 
1681, 1686^1687 (1929). 


3:9352 ADIPYL (DI) CHLORIDE C 6 H 8 O 2 CI 2 Beil. H- 653 

0=C— (CH2)4— C=0 ni-(27 7 ) 

k 

B.P. 130-132® at 18 mm., si. dec. <1) 

125-128® at 11 mm., si. dec. (1) 

125® at 11 mm. (2) 

83-85® at 1 mm. (3) 

[For prepn. of C from adipic acid (1:0775) with PCls (5) (yield: 79% (4), 50% (1)), 
with PCI3 <5) (82% yield (6)), with PCI3 + ZnCb (76% yield (4)), or with SOCI2 (yield: 
100% (2), 90% <3), 81% (4), 60% (7)) <8) (9) <10)_<19) see indie, refs.] 

[For study of reactn. of C with CI2 see <11); of C with Br2 see (11) (12) (13) (19); with 
diethyl sodio-malonate see (14); with MeZnI or EtZnI see (7); with triethylamine or with 
pyridine in CeHe see (15).] 

[C with AICI3 -f Celle gives (75-81% yield (9)) (8) (1) (6) (16) l,6>diphenylhexanedi- 
one-1,6 (dibenzoylbutane) [Beil. VII-777, VIIi-(404)], cryst. from ale., m.p. 106-107° 
(9), 107® (6) (16) (note that some 5-benzoyl-n-valeric acid [Beil. Xi-(339)], m.p. 78® (16) 
77-78° (17) (p-nitrophenylhydrazone, m.p. 187® (17), semicarbazone, m.p. 187® (17)), is, 
also formed). — For reactn. of C with AICI3 + toluene, m-xylene, p-xylene, mesitylene, 
(18) or chlorobenzene (8) see indie, refs ] 

C on hydrolysis yields adipic acid (1:0775) (for the diamide, dianilide, di-p-toluidide, 
and other derivs. corresp. to C see 1 :0775). 


3:9352 (1) Etaix, Ann. chim. (7) 9, 369-377 (1896). (2) FrOschl, Maier, Monatsh. 59, 271-272 
(1932). (3) lieser, Macura, Ann. 548, 226-254 (1941); C.A. 37, 4699 (1943). (4) Clark, Bell, 

Trans. Roy. Soc. Can. (3) 27, III 97-103 (1933). (5) Ruggli, Ann. 399, 179-180 (1913). (6) 
Borsche, Wollemann, Ber. 45, 3715-3710 (1912). (7) Blaise, Koehler, Bull. soc. chim. (4) 5. 

683 (19()9). (8) Skraup, Guggenheinier, Ber. 58, 2495 (1925). (9) Fuson, Walker, Org. Syntheses^ 

Coll. Vol. 2 (1st ed.), 169-171 (1943) ; 13, 32-34 (1933). (10) Meyer, Jdger, Ann. 347, 49 (1906). 

(11) Ingold, J. Chem. Soc. 119, 961 (1921). (12) Bernton, Ing, Perkin, J. Chem. Soc. 125, 1500 
(1924). (13) Holmberg, Mtlller, Ber. 58, 1602 (1925). (14) Scheiber, Lungwitz, Ber. 42, 1323 

(1909). (15) Wedekind, Miller, Weinand, J. prakt. Chem. (2) 109, 161-174 (1925). (16) Bauer, 
Ann. chim. (9) 1, 343-344, 394 (1914). (17) von Auwers, Trippmann, Ber. 48, 1217 (1915). 

(18) Borsche, Ber. 52, 2079-2080 (1919). (19) Guha. Sankaran, Org. Syntheses 26, 57-60 (1946). 
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^ DIMETHYL <f,i-«,a'-DICHLORO 

SUCCINATE 


B.P. 116.5-120.5° cor. at 12.5 mm. 

4See3:0485. Division A: Solids. 


COOCHs 
H— <!;— Cl 
H— i— Cl 

ioocHs 

M.P. 43° ' 


CgH804Cla 


BelLn — 
ni-(»67) 
nj-(567) 


2~CHU)ROCYCLOHEXANONE 


CeHtOCl 


HaC"^ Cl 


B.P. 88-00° at 16 mm. 


M.P. 33-24° 


See 3 : 0120. Division A : Solids. 


Dfg = 1.161 


Beil. Vn - 10 
VIIi-( 8) 


CeHsOCl 


3:9360 3-CHLOROCYCLOHEXANOlSrE 0 CeHsOCl 

S 

HjC'^ ^CHz 

Hzi ifla 

V \i 

B.P. 91-93° at 14 mm. (1). 

Colorless oil. — C does not fume in air or attack skin (1). 

(For prepn. from cyclohexen-l-one-3 + dry HCl in dry ether see (1).] 

3:9360 (1) K6ta, Grethe, J. jrrakL Chem. (2) 80, 503-604 (1909). 


3:9364 4-CHLOROCYCLOHEXANONE 


O 

h 

HsC^ ^CH, 

hJ; in, 

X 

H a 


CtB/xn 


BeilVU- 10 


BelL S.N. 613 


BJ>. 05° at 17 mm. (1) 


1.4867 (1) 


Liq. with penetrating odor (1). 

(For prepn. from 4-chlorocyclohexanol-l (3:9376) by oxidn. with CrOa see <1) <3).] 
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3:9364-3:0373 


O 4-Chlorocyclohezanone-l semicarbazone: from C + semicarbazide HCl + KOAc <1); 
cryst. from aq., m.p. 191® (block) (1); 196® (2). 

3:9864 (1) Sabetay. Palfray, BuU. soe. chim, (4) 43, 909 (1928). (2) Palfray, Rothstein. Compt. 
rend. 190, 944 (1930). (3) Backer, Tamsma. Rec. trav. ckim. 57, 1206-1206 (1938). 

3:9368 ETHYL a-CHLOROISOCROTONATE CeHgOzCl BeiL H — 

CHr-C— H Hi— 

(a,,ooc4-ci 

B.P. 76° at so mm. <1) = 1.100 ( 1 ) 1.4830 (1) 

68° at 12 mm. <1) Z)l* = 1.1021 (1) 

[See dUo ethyl a-chlorocroUmote (3:8523).] 

(For prepn. of C from Ag salt of a-chloroisocrotonic acid (3:1616) with C 2 H 6 I see (1); 
note that attempts to prepare C from a-chloro-isocrotonic acid (3:1615) in EtOH with 
cone. H 2 SO 4 at 100° give only (1) the stereoisomcric ethyl a-chlorocrotonate (3:8523).] 

C with ale. KOH at room temp, gives upon acidification a-chloroisocrotonic acid (3:1615), 
m.p. 66°. 

3:9368 (1) von Auwers, Ann. 432, 61-62 (1923). 


3:9372 sec.-BUTYL TRICHLOROACETATE C 6 H 9 O 2 CI 3 Beil. S.N. 160 

CH 3 CH 2 CH.O.CO.CCI 3 

CHa 

B.P. 88-80° at 19 mm. (1) = 1.362 (1) n?>® = 1.4440 (1) 

[For prepn. (82-89% yield) from butanol-2 (1 : 6155) -f trichloroacetic ac. (3:1150) 
see (1).] 

[For study of chlorination of C see (1).] 

3:9372 (l) Waddle, Adkins. J. Am. Chem. Soc. 61, 3361-3364 (1939). 

/er-BUTYL TRICHLOROACETATE CeHgOgCL Beil. S.N. 160 

ci3C.co.o.C4n9 

B.P. 37° at 1 mm. M.P. 25.6° = 1.2363 n? » 1.4398 

See 3 : 0138. Division A : Solids. 


3:9373 METHYL 7 - (CHLOROFORMYL)-n-BUTYRATE C 6 H 9 O 3 CI 
( 7 -(Carbomcthoxy)-w-butyryl chloride) CH 2 — CH 2 — COOCHi 

^Hr-C— Cl 


h 


B.P. 110° at 30 mm. (1) 
110-113° at S3 mm. (5) 
110° at 20 mm. <2) 


Belt S.K. 172 


Note that C is both an acid chloride and an ester. 
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[For prepn. of C from methyl hydrogen glutarate [Beil. Il2-(565)] (b.p. 158® at 27 mm. 
(1), 153® at 20 mm. (2), 150-151® at 10 mm. (3), DL® * 1.164 (3), n}? - 1.4392 (3), itself 
obtd. from glutaric anhydride with MeOH (2) (1)) with SOCI2 at 20® for 12 hrs., then at 
30® for 3 hrs. (yield 93% (1), 87% (5)) (2), see indie, refs.] 

[For behavior of C with EtMgl in toluene followed by hydrolysis giving 5-keto-?i-heptanoic 
acid, m.p. 50® see <2); for reaction of C with atoxyl see (1).] 

[For use of C in Friedel-Crafts type of reaction see (4).] 

[C on catalytic hydrogenation as directed gives (70-85% yield (5)) methyl 7-formyl 
ri-butyrate, b.p. 100-103® at 23 mm. (corresp. 2,4-dinitrophenylhydrazone, m.p. 105-106®) 
(5).] 

8:9373 (1) Morgan, Walton, J. Chem. Soc 1932 , 277. (2) Clutterbuck, Raper, Biochem. J. 19 , 

393-394 (1925). (3) Fourneau, Sabetay, Bull, soc. chim. (4) 45 , 838-839 (1929). (4) Robinson, 

Walker, J, Chem. Soc. 1937 , 62, 66-67. (5) Harris, Wolf, Mosingo, Arth, Anderson, Easton, 

Folkers, J. Am. Chem. Soc. 67 , 2098 (1945). 


TRICHLOROPARALDEHYDE 


/ 


C6H9O3CI3 


CICH,— C'H ^C— CH 2 CI 


i 0 

\H/ 

C 

h. 


iHzCl 


B.P. 142" at 10 mm. M.P. 87-87.5° cor. 

iSee 3:2300. Division A. Solids. 


Beil. XDC - 386 
XIXi-(807) 


3:9374 cis-2-CHLOROCyCLOHEXANOL-l OH CellnOCl 


(cis-Cyclohexene chlorohydrin) 


H2C^n^C- 

Hji Ahs 

V 

H, 


-Cl 


Beil. S.N. 502 


B.P. 93-94° at 26 mm. (1) 
76° at 16 mm. <2) 


D?? = 1.1261 (1) = 1.4860 (1) 

Dl? = 1.150 (2) ni? .. 1.4860 (2) 


[j8ee also tran^2<hlorocyclohezan6l^\ (3:0175).] 


[For prepn. of C from 2-chlorocyclohexanone>l (3:0120) by reductn. with isopropyl 
MgCl, <er-butyl MgX, or cyclohexanyl MgX (the prod, is actually a mixt. of C (72-73%) 
with the tram isomer (27-28%) see (1); for formn. of C from cyclohexene <1:8070) with 
HOCl see (2) cf. (5) (this method is claimed by (2) to yield some C, but according to (1) 
gives solely the tram isomer).] 

C with aq. NaOH gives on refluxing (76% yield (1)) cyclohexanone (1:5465) (note 
difference from the tram isomer which gives cyclohexene oxide). — C with cone. HCl or 
with ZnCb in ether shows no tendency to convert to the tram isomer (1). 

(Note: the following derivatives are listed as tram on the assumption of inversion during 
formation.) ... 
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A'aii9-2-Chlorocyctohezanyl acetate: consts. not reported (4). 

tran5^2-Chlorocyclohezanyl iV-phenylurethane: m.p. 5d-^9® <3). [From C + phenyl 

isocyanate in It. pet. <3).] 

tran5-2-Chlorocyclohexanyl N-(a-naphthyl)carbainate: m.p. 165® (1). [From C with 

a-naphthyl isocyanate htd. 4 hrs. at 100® (I).] 

3:2374 (1) Bartlett, J. Am. Chem. Soc. 67, 224-227 (1935). (2) Godchot, Mousseron, Granger, 
Compt. rend. 200, 748-749 (1935). (3) Cook, Hewitt, Lawrence, J. Chem. Soc. 1030, 75. (4) 

Winstein, Buckles, J. Am. Chem, Soc. 66, 616 (1943). (5) Newman, Van der Werf, J. Am. Chem. 
Soc. 67, 235 (1945). 


fra/is-2-CHLOROCYCLOHEXANOL-l OH CeHiiOCl Beil. VI - 7 

Hji dlH, 


Vl2-(1)8) 


H, 


B.P. 104^106° at 4S mm. M.P. 89° 

^£6 3:0175. Division A: Solids. 


DL® = 1.146 n}>® - 1.4850 


3:9376 4-CHLOROCYCLOHEXANOL-l H 


(Quinitol chlorohydrin) 


B.P. 106® at 14 mm. <1) 
105® at 12 mm. (2) 


V 

^CHj 

V 


OH CeHuOCl Beil. VI - 


VIi- 

Vl2-(18) 


I>r = 1.1436 <2) ng = 1.4930 (2) 


Colorless oil. 

[For prepn. from quinitol (oyclohexanediol-1,4) [Beil. VI-74] by htg. with cone. HCl see 

(1) (2); for formn. from resorcitol (cyclohexanediol-1,3) [Beil. VI-740] with cone. HCl 
see <3).] 

[C on refluxing 2 days in dry ether with Na yields <3) (by loss of HCl and rearr.) cyclo- 
hexen-3-ol-l, b.p. 67-68® at 14 mm., * 0.9425, nf? — 1.4627; iNT-phenylcarbamate, 
m.p. 82® (block) <!).] — [C with powd. KOH in ether is only partially transformed to 
cyclohexen-3-ol-l, even on boiling (1).] 

C on oxidn. with CrOs yields (1) (3) 4-chlorocyclohexanone-l (3 :9364). 

[The acetyl deriv. of C is an oil, b.p. 111-112® cor. at 18 mm., D4* ® « 1.1282, n}?*® = 1.4650 

(2) .l 

® 4-Chlorocyclohezyl ^-phenylcarbamate: m.p. 99® (2). 

3:9376 <l) Sabetay, Palfray, Btdl. soc. chim. (4) 43, 908-909 (1928). (2) Palfray, Rothstein, 

Compt. rend. 186, 701-703 (1929). <3) Palfray, Rothstein, Compt. rend. 196, 942-946 (1930). 
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3:9380 n-AMYL CHLOROFORMATE C6Hn02Cl Belt S.N. 199 

(n-Amyl chlorocarbonate) ri-CsHii.O.CO.Cl 

B.P. 60-62® at 16 mm. (1) ni>® = 1.4181 <2) 

53.4^54.5® at 11 mm. (2) 

C on htg. with quinoline dec. at 72° (3) into n-amyl chloride (3 : 7460) + CO2; G on htg. 
wlthZnCl2 gives these + amylene (and its polymers) + HCl (4). 

3:9380 (1) Eastman Organic Chemicals, List No. 36 (1946). (2) Kohlrausch, Sabathy, Monaish. 

72, 307 (1939). (3) Carr6, Bull. soc. chtm. (5) 3, 1069 (1936). (4) Underwood, Baril, J. Am. 

Chem. Soc. 57, 2729 (1935). 


3:9384 /i-PROPYL d,/na-CHLOROPROPIONATE C6H11O2CI Beil. S.N. 162 

H 

t^CaHT.O CO.i.CHs 


il 


B.P. — == 1.0478 (1) n|? = 1.4218 (1) 

3:9384 <1) Schjanberg, Zv phyaik. Chem. A-172, 230 (1935). 


3:9388 ISOPROPYL iS-CHLOROPROPIONATE C6Hii02Cl BeU. S.N. 162 

(cn3)2Cii.o.co 0112 011201 

B.P. — Z>f = 1.0503 0) n|? = 1.4230 (1) 

3:9888 (1) Schjanberg, Z. phyaik. Chem. A-172, 231 (1935). 


3:9390 /3-(/3-HYDROXYETHOXY) ETHYL CHLOROACETATE BeU. S.N. 160 

(Diethylene glycol mono(chloroacetate)) O6H11O4CI 

HOOH2.OH2.O.OH2.OH2.O.CO.CH2CI 

B.P. 130-142® at 0.2 mm. <1) 

Viscous oil, insol. in aq. but slowly dissolving when shaken with aq. because of hydrolysis 
to diethylene glycol (1:6525) + chloroacetic ac. (3:1370) (1). 

3:9390 (1) Meerwein, SOnke, J. prakt. Chem. (2) 137, 317 (1933). 


3: 9394 FORMALDEHYDE |3,/3'-DICHLORO- C6H12O2CI2 BeU. I — 

ISOPROPYL-ETHYL-ACETAL (C10H2)2CH.0.CH2.0.C2H6 Ii— 

(/8,/8'-Dichloroisopropyl-ethyl-formal) l2-(640) 

B.P. 96-98° at 16 mm. <l> = 1.189 <2) nS - 1.44919 <2) 

90-91® at 12 mm. <2) 

Colorless liq. with ethereal odor. 

[For prepn. of C from epichlorohydrin (3-chloro-l, 2-epoxypropane) (3:5358) + chloro- 
methyl ethyl ether (3:7195) see <1) (2).] 
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3:9394-3:0396 


3:9384 (l) Blanchard, BuU. aoc. chim. (4) 39 , 1265 (1926). (2) Blanchard, «oc. cAtm. (4) 

49 , 285 (1931). 


3:9395 6-CHLOROHEXANOL-l CH2.(CH2)4.CH20H CeHiaOCl Beil. S.N. 34 
( «-Chloro-7i-hexyl alcohol ) 

B.P. 116-117° at 19 mm. (1) 

113° at 17 mm. (1) 

[For prepn. of C from a,c«)-hexamethylene glycol [Beil. 1-484, Ii-(251), l2-(551)] (b.p. 
145-149° at 18 mm. (2)) with cone. HCl as directed (1) cf. (2) (yields: 65% (3)) see indie, 
refs.] 

[C with KSEt in ale. htd. 3^ hr. gives (1) ethyl 6-hydroxy-n-hexyl sulfide, colorless oil, 
b.p. 134r-136° at 17 mm.; this prod, with SDCI2 + diethylaniline in CCI4 at 55° gives <1) 
6-chloro-n-hexyl ethyl sulfide, b.p. 128-131° at 26 mm.] 

C with thiophenol has not been studied [however, 6-chloro-n-hexyl acetate with excess 
thiophenol in aq. NaOHhtd. 3 hrs. gives (85% yield (2)) 6-hydroxy-n-hexyl phenyl sulfide, 
pi. from It. pet., m.p. 43°; this prod, with SC)Cl2 + diethylaniline in CCI4 yields (2) 6- 
chloro-n-hexyl phenyl sulfide, m.p. 7-8° (undistillable)]. 

[C (1 mole) with Et2NH (2 moles) in s.t. at 100° for 16 hrs. gives (58% yield (4)) 6- 
(diethylamino)hexanol-l, b.p. 96-99° at 2 mm. (4); this prod, with S()Cl2 in CHCI3 gives 
(39% yield (4)) 6-(diethylamino)-n-hexyl chloride, b.p. 118-120° at 19 mm ] 

C with morpholine gives (5) aim. quant. 6-(4-morpholinyl)hexanol-l, b.p. 146.0-147.0° 
at 5 mm., D4® = 0.9884, nf? = 1.4750 (corresp. AT- (a-naphthyl) carbamate, m.p. 71.0- 
72.0° cor.) (5). — C (1 mole) with AT-phenylpiperazine (2 moles) at 100° for 5 hrs. gives (3) 
in aim. 100% yield (as salt) iV- (6-hydroxy-n-hexyl j-iV'-phenylpiperazine, m.p. 65.5-67.0° 
cor. (corresp. W-phenylcarbamate, m.p. 91.5-93.0° cor.) (3). 

6-Chloro-n-hexyl acetate: oil, b.p. 113-116° at 17 mm. [Prepd. indirectly (2).] 

(g) 6-Chloro-n-hexyl iV-phenylcarbamate: m.p. 49-50° (3). 

3:9395 (1) Bennett, Turner, J. Chem. Soc. 1938 , 813-815. (2) Bennett, Mosses, J. Chem. Soc, 

1931 , 1698-1699. (3) Anderson, Pollard, J. Am Chem. Soc. 61 , 3439-3440 (1939). <4) Work. 

J. Chem. Soc. 1942 , 428. <5) Anderson, Pollard, J. Am. Chem. Soc. 61 , 3440-3441 (1939). 


3:9396 n-BUTYL a-CHLOROETHYL ETHER H CftHisOCl Beil. S.N. 78 
(a-Chloroethyl n-butyl ether) I 

CH3 C.O.n-C4H9 

ii 

B.P. 48.9-50.3° cor. at 11 mm. (1) Df = 0.9335 <1) = 1.4155 (1) 

C decomposes considerably if distd. at ord, press. (2). 

[For prepn. (95% yield (1)) from paraldehyde (1:0170) -j- ^-butyl ale. (1:6180) -f 
dry HCl see (1).] 

C on stdg. polymerizes to dark tarry residue (1). 

[C on bromination yields a,/S-dibromoethyl n-butyl ether (2).] 

C on shaking with aq. yields acetaldehyde (1 :0100), n-butyl ale. (1:6180), + HCl. 

3:9396 (1) Henze. Murchison, J. Am. Chem. Soc. 53, 4077-4079 (1931). (2) Dykstra, Lewis, 
Boord, /. Am. Chem. Soc. 52, 3399-3400 (1930). 
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2,6-DICHLOROBENZAL (DI)CHLORID£ C 7 H 4 CI 4 Beil. V - 303 

Vi- 
V2-(334) 

B.P. 118-130® at 14 mm. M.P. 43® 

^Siee 3:0490. Division A: Solids. 


^CHCl2 

O 


3:9397 2,3,4,6-TETRACHLOROBENZAL (DI)CHLORIDE C 7 H 2 C 1 « Beil. S.N. 466 

Cl 

C\<^ )>CHCl 2 

a 61 

No physical constants on C are available. 

[For prepn. of C from 2,3,4,5-tetrachlorotoluene (3:2710) with CI 2 see < 1 ).] 

C on hydrolysis (presumably with strong H 2 SO 4 ) gives ( 1 ) 2,3,4,5-tetrachlorobenzal- 
dehyde (3:3140). 

3:9397 (l) Chem. Fabrik Griesheim-Flektron, Brit. 251,511, May 27, 1926; Cent. 1926, II 2355; 
C.A. 21, 1361 (1927) ; French 603,650, April 26, 1926; Cent. 1926, II 2355; not in C.A. 


3:9398 2, 6 -DICHLOROBENZAL (DI) CHLORIDE , C 7 H 4 CI 4 


B.P. 134-136® at 16 mm. (1) 

Oil with penetrating odor. 

(For prepn. of C from 2,6-dichlorobenzaldehyde (3:1690) with PClg (90% yield <!)) 
<2) (note the intermediate formn. of 6f«-(a,2,6-trichlorobenzyl) ether (2)) or from 2,6- 
dichlorotoluene (3 : 6270) with CI 2 (4) see indie, refs.] 

C is extremely resistant to hydrolysis with either acid or alkali or conc.H 2 S 04 ; for details 
see (3) (5). 

(For condens. of C with various phenols (e.g., 2,4r-dichlorophenol (3:0660)) in prepn. of 
mothproofing agts. see (6).] 

3:9396 (1) Lock, Asinger, Monatsh. 59, 157-160 (1932). (2) Olivier, Weber, Rec. trav. chim. 52, 

169-174 (1933). (3) Olivier, Weber, Rec. trav. chim. 53, 875, 882, 889 (1934). (4) Geigy, Ger. 

213,503, Oct. 14, 1909; Cent. 1969, II 1515. <5) Asinger, Lock, Monatsh. 62, 326, 328, 337 (1933). 
(6) Weiler, Wenk, Stotter (to I.G.), Ger. 540,208, Dec. 12, 1931; Brit. 337,832, Dec. 4, 1930; 
French 39,334, Oct. 12, 1931; Cent. 1932, 1 3013. 


CHCI 2 



Beil. V-302 
Vi- 
Vjr- 


3:9399 2,4-DICHLOROBENZAL (DI)CHLORIDE C 7 H 4 CI 4 

a<( )>CHa, 


BeiL S.N. 466 


Cl 


This compound appears to be unreported. However, for many isomeric compounds see 
the Formula Index. 
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3:940IS~^;0410 


3:9403 5-CHLORO-5-METHTLHEXEN-1-YNE-3 
(2^hloro-2-methylhexen-5-yne-3; 
dimethyl-vinylethynyl-carbinyl 
chloride) 


C7H9CI 
Cl 

CHf==CH— CfeC— <ij— CH* 

<!;H( 


BeiL S.N. 13 


B.P. 48-49^ at 28 mm. (1) 
31-33^ at 10 mm. < 1 ) 


ni? 


1.4813 <1) 


[For prepn. of C from dimethyl-vmyleth 3 myl-carbinol (b.p. 58-69® at 13 mm., « 
0.8925, nU « 1.4786 (2), see (1).) 

[C with phenol -f- KOH in acetone refluxed 3 hrs. yields (3) about equal amts, of 2- 
methylhexadien-l,5-yne-3 (a-isopropenyl-/3-vinyl-acetylene) + the phenyl ether of C 
(dimethyl-phenoxy-vinylethynyl-methane), b.p. 105.5° at 7 mm., D 4 * = 0.9714, ni? = 
1.5350 (3).] 

3:9402 (1) Nasarov, Bull. acad. sci. U.R.S.S., Clasae act. math, not., Ser. chim. 1938» 695-705; 
Cent. 1939, II 3403; C.A. 33. 5682 (1939). (2) Nazarov, BuU. acad. ad. U.R.S.S., Claaae ad. 

math, not., Ser. chim. 1938, 683-694; Cent. 1939, II 3402; C.A. 33, 5682 (1939). <3} Nazarov, 

Elizarova, BiUl. acad. ad. U.R.S.S., Claaae ad. chim. 1941, 423-430; C.A. M, 1298 (19^). 


3:9406 l-CHLORO-3-ETHYLPENTADIENE-l,2 Cl C 7 H 11 CI Bed. S.N. 13 

CH,.CH,— c=c==<!:h 

B.P. 8S-88° at 100 mm. (1) Di* ® = 0.9397 <1) ni* ® = 1.47036 <1) 

Di®-® = 0.9339 <1) nj*-®- 1.48431 <1) 

[For prepn. of C from 3-ethylpentyn-l-ol-3 (diethyl-ethynyl-carbinol) [Beil. Ii-(236), 
l2-(506)] (1) directly, or from the intermediate l-chloro-3-ethylpentyne-l (3:9410) by 
rearr., on shaking either with aq. HCl contg. CU2CI2 + NH4CI (some 3-ethylpenten-3-yne-l 
also being formed in the latter case) see ( 1 ).] 

C with aq. + CaCOa first isomerizes to l-chloro-3-ethylpentyne-l (3 : 9410) which then 
yields 3-ethylpentyn-l-ol-3 (b.p. 136-137°, — 0.8748; iV-phenylcarbamate, m.p. 52- 

53° (1); allophanate, m.p. 130-131° (2)) and 3-ethylpenten-3-yn6-l, b.p. 41-43° at 1(X) mm., 
Df = 0.7733, = 1.43962, = 1.45224 <1). 

3:9406 (1) T. A. Favorakaya, I. A. Favorskaya, J. Gen. Chem. (U.S.S.R.) 10, 451-460 (1940); 
C.A. 34, 7844 (1940). (2) Locquin, Sung, BuU. aoc. chim. (4) 35, 601 (1924). 


3:9410 1-CHLORO-3-ETHYLPENIYNE-1 

CH3.CH2— CH— ( 


Cl 


C7H11CI 


Beil. S.N. 13 


B.P. 73-76° at 100 mm. (1) DJ* ® - 0.9330 (1) ni® ® « 1.44373 <1) 

D2 - 0.9330 <1) ni*® * 1.45364 <1) 

[For prepn. of C from 3-ethylpentyn-l-ol-^ (diethyl-ethynyl-carbinol) [Beil. li-(236), 
1 2 - (506)] (1) on shaking with HCl alone, or with HCl 4* CU 2 CI 2 4* NH 4 CI (70% yield 
together in the latter case with a maximum of 25-30% l-chloro-3-ethylpentadiene-l,2 
(3:9406)) see <1).] 
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0 on shaking with HCl 4- CU2CI2 + NH4CI is partly converted to l-chloro-3-ethyl- 
pentadiene>1.2 (3:9406) (some 3-ethylpenten-3-yne-l also being formed), but without the 
HCl no action occurs (1). 

C easily loses HCl yielding 3-ethylpenten-3-yne-l, b.p. 41-43® at 100 mm., Dj® — 0.7733, 
ni® « 1.43962, nj® = 1.46224 (1). 

C upon hydrolysis (1) with aq. + CaCOs gives a mixt. of 3-ethylpentyn-l-ol-3 (b.p. 
136-137®, = 0.8748, = 1.4385, = 1.44697 <1) [iST-phenylcarbamate, m.p. 52- 

63® (1), allophanate, m.p. 130-131° (2)1) and 3-ethylpenten-3-yn©-l (see above). 

3:9410 (1) T. A. Favorskaya, I. A. Favorskaya, J. Gen. Chem. (U.S.S.R.) 10, 461-460 (1940); 
C.A. 34, 7844 (1940). (2) Locquin, Sung. BuU. aoc. chtm. (4) 36, 601 (1924). 

3:9412 d,l-3-CHLOROHEPTENE-l C7H13CI Beil. S.N. 11 

(n-Butyl-vinyl-carbinyl chloride) II 

CHa CH. CH2.CH2— (!>— CH=CH2 

ii 

C as such is as yet un reported, but both of the opt. active stereoisomerides have been 
prepared. 

[The dextrorotatory isomer, b.p. 92-94° at 125 mm. (1), 87-88® at 90 mm. (1), D4® = 
0.8867 (1), has been obtd. from levorotatory hepten-l-ol-3 (/t-butyl-vinyl-carbinol) [Beil. 
I2- (488)1 with PCIb in dry ether (1), with PCI3 -f pyridine (2), or from levorotatory 3- 
bromoheptene-1 (1) with LiCl in MeOH (1). 

[Upon ozonolysis in CHCI3 followed by Br2/aq. oxidn. of the resultant aldehyde, levorota- 
tory oc-chlorocaproic acid, b.p. 80-95® at 1 imn., was obtd. (2).l 
[The levorotatory isomer, b.p. 87-90® at 92 mm. (3), DI® = 0.8883 (4), nff =* 1.4380 (4), 
has been obtd. from dextrorotatory hepten-l-ol-3 (w-butyl-vinyl-carbinol) [Beil. I2-(488)1 
with PCIb (3); upon catalytic hydrogenation it yields (3) dextrorotatory 3-chloroheptane, 
b.p. 87-90° at 113 mm., nf? = 1.4221 (3); cf. <i,Wsomer (3:8080).) 

3:9412 (1) Levene, Rothen, Kuna, J. Biol. Chem. 120, 787-790 (1937). (2) 'Levene, Haller, J. 

Biol. Chem. 83, 597 (1929). (3) Leveiie, Rothen, J. Biol. Chem. 119, 191-192 (1937). (4) 

Levene, Rothen, J. Chem. Phys. 6, 981 (1937). 


3:9414 4-CHLORO-3-METHYLHEXENE-2 Cl CH3 C7H13CI 

CH3.CH2— (!: — (!>=c 


k 


>=CH.CH3 


B.P. 51° at 11.S mm. (1) 


BeU. I — 
Ii-(91) 

I2 


[For prepn. of C from 3-methylhexen-2-ol-4 [Beil. 1-447, Ii- (229)1 with 6 N HCl see (1)]. 
3:9414 (1} Abelmann, Ber. 43, 1581 (1910). 


3:9418 4-CHLORO-2,4-DIMETHYLPENTENE-2 C 7 H 18 CI Beil. S.N. 11 

(2-Chloro-2,4-dimethylpentene-3j Cl 

trimethylcrotyl chloride) cHj-C=CH-(!^CH, 

in, ifla 

[C is too unstable for purification by distillation; however, it can be prepared in solution 
from 2,4-dimethylpenten-3-ol-2 (1) with PCI3 in dry ether.) 
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3:9418-3:9426 


C on attempted distillation gave (1) almost quantitative yields of 2,4-dimethylpentadiene- 
1,3 [Beil. 1-267, Ir(121), l2-(235)], b.p. 92-93'* (1). 

[For reactn. of C with phenol -f K2CO3 in acetone see (1>.1 

3:9418 (1) Hurd, Cohen, J. Am. Chem. Soc. 53, 1920-1922 (1931). 

3:9420 1,2-DICHLOROHEPTANE Cl Cl C7H14CI2 BeiL S.N. 10 

chs.ch2.ch,.ch2.ch!!— in— A h, 


B.P. 68-73“ at 7 mm. (1) 2 ^ = 1.064 (1) ng* = 1.4490 (1) 

[For prepn. of C from heptene-1 (1:8324) with CI2 in CCI4 at —15° (13% yield <1)) or 
with SOCI2 (30-40% yield (1)) see (l).l 

C passed over soda-lime at 420° (3% yield) or htd. to 250° with powdered KOH in mineral 
oil (33% yield) loses 2 HCl giving (1) n-amylacetylene (1.8085) accompanied by other 
prods. 

3:9420 (l) Bachmann, HiU, J. Am. Chem. Soc. 66, 2730-2731 (1934). 

3: 9422 1,7-DICHLOROHEPTANE C 7 H 14 CI 2 BeU. I- 164 

(Heptamethylene dichloride) Cl Cl Ii — 

<!:!H2.CH2.CH2.CH2.CH2.CH2.(iH2 

B.P. 120 ° at 28 mm. (1> 

[For prepn. of C (60% yield (l>) from Ar,iV'-6is-benzoylheptamethylenediamine [Beil. 
IX-2641 via conversion with PClg to the corresp fefs-imidechloride and distillation of the 
latter see (1); for formn. of C (together with other prods ) from heptamethylenediamine 
[Beil. IV-2711 + NOCl see (2).] 


® 1,7-Diphenoxyheptane (heptanediol-1,7 bis-phenyl ether) [Beil. VI-148]: colorless 
cyrst. from hot ale., m.p. 53° (1), 54.5-55° (2). [From C on htg. with excess NaOCeHs 
in ale. (1) (2).] 

3:9422 (1) von Braun, Muller, Ber. 38, 2347 (1905). (2) Ssolonina, J. Russ. Phys.-Chem. Soc. 
39, 606-632 (1898) ; Cent. 1898, 1 26. 


3:9424 2,2-DICHLOROHEPTANE Cl 

CHs.CH2.CH2.CH2.CHir-i— 

ii 


CHs 


B.P. 77“ at 26 mm. <1) 


C7H14CI2 


BeU. S.N. 10 


[For prepn. of C from heptanone-2 (n-amyl methyl ketone) (1:5460) with PCls (23% 
yield accompanied by 40% yield of 2-chloroheptene-l (3:7988)) see (1).] 

3:9424 (1) Bachmann, Hill, J. Am. Chem. Soc. 66, 2730 (1934). 


3:9426 4,4-DICHLOROHEPTANE Cl C7H14CI2 Beil. I - 164 

CH3.CH2.CHsr--(!>-CH2.CH2.CH3 

il 


l2-(117) 


B.P. 86 ° 
60.5‘ 


at 27 mm. (1) 
at 11 mm. < 2 ) 




1.008 (1) 
1.006 (2) 


/Id * 


1.448 (1) (2) 
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[For prepn. of C from heptanone-4 (butyrone) (1:6447) with PCI 5 see (1); note that 
heptyne-3 (1:8096), b.p. 106-106°, and 4-chloroheptene-3 (3:8023) are also formed (1). 
The earlier prepns. are regarded as impure.l 

3:9426 (1) Bourgeul, BuU, soc. chim. (4) 35, 1636-1637 (1924). (2) Bourgeul, ilnn. ckim. (10) 
3, 372 (1926). 


3:9428 2,4-DICHLORO-2,4-DIM£THyLP£NTAN£ C 7 H 14 CI 2 BeiL S.N. 10 

Cl Cl 

CHs-<!>-CH 2— i-CH, 

ins in, 

B.P. Al.6% at 8 mm. <1) 


[For study of behavior of C with aq. ale. AT/IO NaOH see (1).] 

3:9428 (1) Tishchenko, J. Gen. Chem. (U.S.S.R.) 9. 1380-1388 (1939); C.A. 34, 1611 (1940). 


3: 9430 l,6-DICHLORO-3,3-DIM£THyLP£NTANE C 7 H 14 CI 2 Beil. I — 

Cl CH 3 Cl Ii— 

ifli-CHs— (!;— ch2.(!:h2 

CH, 

B.P. 135° at 80 mm. (1) Dl^ = 1.0917 (2) = 1.48090 (2> 

58-59° at 8 mm. (2) 

[For prepn. of C from 3,3-dimethylpentanediol-l,5 <1) with SOCI 2 refluxed for 4 hrs. 
(yield 80% (1)); from iV-benzoyl-4,4-dimethylpiperi(iine (2) with PCIb see (2).] 

[For reactn. of C with ale. NaCN giving (yield: 80% (2), 40% ( 1 )) 3,3-dimethylpimeloni- 
trile, cryst. from CeHe/lgr., m.p. 123° <2), b.p. 156-157° at 7 mm. ( 1 ), Dio = 1.0936 (1), 
nf) * 1.4404 <1), see indie, refs.] [This dinitrile upon htg. with cone. HCl in s.t. 4 hrs. at 
120° gives ( 86 % yield (2)) 7 , 7 -diraethylpimelie acid; ndls. from CeHe/lgr., m.p. 83° <2) 
(diamide, m.p. 176° ( 2 ); dianilide, m.p. 165° ( 2 )).] 

3:9430 (l) Miller, Adams, J* Am. Chem. Soc. 58, 789 (1936). (2) Eomppa, Ber, 62, 1371-1372 
(1929). 


3:9432 d,2-2-CHLOROH£PTAN£ 

(n-Amyl-methyl-carbinyl chloride) 

CH3.CH2.CH2.CH2.CH 



C7H16CI 


BeiL I- 154 
Il- 
ls — 


B.P. 46.0° at 19.6 mm. (1> = 0.8672 (1) - 1.4221 (1) 

Dl* “ 0.8725 (1) 

[For prepn. from heptanol-2 (1 : 6235) with cone. HCl ZnCl 2 at 0° for 6-8 hrs. (60- 
64% yield (D) see (1).J 

C converted to corresp. acetate by 7-hr. reflux with KOAc 4- AcOH, then hydrolyzed by 
O-hr. boilg. with 20% ale. KOH, and the resultant heptanol-2 oxidized with Cr08/H2S04, 
gives <1) heptanone-2 (1:5460), pptd. as the semicarbazone, m.p. 123° <1>. 

3:9482 (1) Sherrill, /. Am. Chem. Soc. 52, 1986-1988 (1930). 
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3:9434-3:9440 


3:9434 2-CHLORO-3-M£THyLHEXAN£ CHs Cl CtHuCI 

CH8.CH2.CH2--^!>— ^!j-ch, 

B.P. 53-S8° at 36 mm. (1) 


BeiLI — 
ii-(a8) 
1 *- 


[For prepn. of C (80% yield <1» from 3-methylhexaiiol-2 [Beil. Ii-(206), Ijr(446)] with 
PCl6 see (l).l 

3:9434 <1> Bjolouss, Ber. 45» 627-628 (1912). 

3:9436 4-CHLORO-3-M£THyLH£XAN£ CtHuCI Beil. S.N. lO 

(aec.-Butyl-ethyl-carbinyl chloride) Cl CHs 

CH 8 .CH 2 — (!) <!j-CH 2 .CH» 


Only a levorotatory isomer of C has been reported; this resulted from treatment <1) of 
levorotatory 3-methylhexanol-4 (1) with SOCI 2 in pet. ether; b.p. 37® at 15 mm. (1). 

3:9436 <1> Duveen, Kenyon, BuU. soc. chim. (5) 6, 1120-1126 (1938). 


3:9438 2-CHLORO-3.ETHYLPENTAN£ Cl 

CH 3 . CHs — CH dj— 


CH, 


CtHuQ 


BeiLI — 

Ii— 

1,-(1S0) 


B.P. 69-02.5° cor. at 60 mm. (1) = 0.8911 (1) > 1.4395 (1) 

nl? = 1.4318 (1) 

[For prepn. of C from 3-ethylpentanol-2 [Beil. I 416, Ii-(207), l2-(445)] (1) with cone. 
HCl + ZnCls at room temp, in 35% yield see <!>.] 

3:9438 (1) Lucas, J, Am. Chem. Soc. 51, 252 (1929). 


3: 9440 d,M-CHLORO-2,2-DIMETHYLP£NTAN£ CjHuCl 

(Methyl-neopentyl-carbinyl Cl CHs 

CH,— C— CH,— O-CH, 

i in, 


B.P. 93° at 260 mm. (1) 
63-65° at 86 mm. (2) 


Z^® = 0.855 (1) 


Beil. S.N. 10 


n|? = 1.4180 <1) 
1.4183 (2) 


[For prepn. of C from 2,2-dimethylpentanol-4 (methyl-neopentyl-carbinol) satd. with 
dry HCl and stood 8 weeks (90% yield (1)) or treated with dry HCl under press, for 22 
weeks (2) see indie, refs.] 

C with Mg in dry ether gives RMgCl; this on oxidn. with O 2 yields <1) 2,2-dimethyl- 
pentanol-4, b.p. 136-136.5® at 730 mm. <2), * 1.4183 <2) (^-(a-naphthyl)carbamate, 

m.p. 84® {!)). 

C converted to RMgCl, treated with CO 2 , gives (50% yield (2)) methyl-neopentyl-acetic 
acid, b.p. 109® at 14 mm., nl? * 1.4233 <2) (amide, m.p. 123® (2); anilide, m.p. 117.5® (2)). 

3:9449 (l) Whitmore, Johnston, J. Am. Chem. Soc. 69, 2267 (1938). (2) Whitmore, Noll, Heyd, 
Surmatis, J. Am. Chem. Soc. 63, 2028 (1941). 
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3; 9442 d^-2-CHLORO-2,S-DIMETHYLPENTANE CrHua 
(«ec.-Butyl-dimethyl-caxbinyl CHs CHs 

CHs-CHr-i i-CHs 


i (!a 


B.P. 3»-39° at 20 mm. <1} 


BeU. &N. 10 


fig » 1.4264 <1) 


C has been obtd. (1) only as a by-product (10% yield) from the reactn. of 2,3-dimethyl- 
pentanol-2 with AICI 3 and CeHe; the structure assigned above should be accepted with 
reserve. 

8:9442 (1) Huston, Fox, Binder, J. Org. Chem. 3, 253 (1939). 


— 6-CHLORO-2-HyDROXYBENZALDEHYDE CtHsOzCI BeU. VH! -53 

Cl vnii— 

<( ycRo 

OH 

B.P. 105** at 12 mm. M.P. lOO** 

jSee 3:2800. Division A: Solids, 


3-CHLORO-4-HYDROXYBENZALDEHYDE C 7 HBO 2 CI 

) >CHO 


B.P. 149-160° at 14 nun. M.P. 139° cor. 

See 3:4065. Division A: Solids, 


Befl. Vni- 81 
VIHi— 


2-HYDROXYBENZOYL CHLORIDE 


B.P. 92® at 15 mm. M.P. 19® 

3:0085. Division A: Solids. 



Beil. X — 
Xi-(43) 


niy = 1.5812 


3; 9446 S-HYDROXYBENZOYL CHLORIDE 




CtHsOzCI 

c=o 


BeU. X — 
Xi-(66) 


B.P. 110-113® at 0.5 mm. (1) 

Pale yel. oil, not solidifying at —15® (2). — C has odor and lachrymatory props, similar 
to benzoyl chloride; on stdg. even in s.t. turns brown and decomposes (1). 

[For prepn. of C from Na or K salts of m-hydroxybenxoic acid (1:0825) with SOCI2 <2) 
or with COCI2 in toluene (3) see indie, refs.] 

C with MeOH yields (1) methyl 7w-hydroxybenzoate (1:1468), m.p. 70®, b.p, 178® at 
17 mm. (1); C with EtOH yields (1) ethyl ?w-hydroxybenzoate (1:1471), m.p. 73.8®, b.p. 
180® at 17 mm. <1); C with dry NH3 gas in CHCI3 yields (1) m-hydroxybenzamide, Ifts. 
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3:04k4e-3:d448 


from hot aq., m.p. 167® (1); C with aniline in CHCla yields <1) rri-hydroxybenzanilide [Beil. 
XII-602, XIIi-(269)], ndls. from hot aq. or dil. ale., m.p. 166® (4), 164r-166® <1) (6), C with 
p-toluidine in CHCI3 yields (1) m-hydroxybenzo-p-toluidide, ndls. from dil. ale., m.p. 
163® (1). 


3:9446 (1) Anschtitz, Krone, Ann, 442, 41-42 (1925). (2) Kopetschni, Karezag, Ger. 262,783, 
July 25, 1913; Cent. 1913, II 728. (3) Kopetschni, Karezag, Ger. 266,351, Oct. 21, 1913; CenJt. 
1913, II 1715. (4) Klemenc, Per. 49, 1373 (1916). (5) Kupferberg, J. prakt. Chem, (2) 16 , 445 

(1877). 


3:9447 4-HYDROXyB£NZOYL CHLORIDE 


C7H6O2CI 




BeU. X — 
Xi-(77) 


The precise physical props, of C have never been reported; it appears to l>e a yellow oil 
still liquid at -16® <1) which cannot be distilled with decompn. even in high vac. (2); C 
has odor and lachrymatory character of benzoyl chloride (2). 

[For prepn. of C from Na or K salt of p-hydroxybenzoic acid (1:0840) with SOCI2 (1) (4) 
or with COCI2 (3:6000) in toluene (3) see indie, refs.; from p-hydroxybenzoic acid (1 :0840) 
with 4 pts. SOCI2 at b.p. in pres, of AICI3, SnCU, or SbCU see (5).] 

C with MeOH yields methyl p-hydroxybenzoate (1:1549), m.p. 131®; C with EtOH 
yields (2) ethyl p-hydroxybenzoate (1:1534), m.p. 116®, 112.5® (2); C with dry NH3 gas 
in CHCI3 yields />-hydroxybenzamide, ndls. with 1 H2O from aq., m.p. 162® (2); C with 
aniline in CHCI3 yields 7>-hydroxybenzanilide [Beil. XII-502, XHi- (269)1, Ifts. from hot 
aq., m.p. 196-197° (2); C with p-toluidine in CHCI3 yields p-hydroxybenzo-p-toluidide, 
ndls. from ale., m.p. 203-204° (2). 


3:9447 (1) Kopetschni, Karezag, Ger. 262,883, July 25, 1913; Cent. 1913, II 728. (2) Anschiltz, 
Zorbe, Ann. 442, 38 (1925). (3) Kopetschni, Karezag, Ger. 266,351, Oct 21, 1913, Cent. 1913, 

II 1715. (4) Kopetschni, Karezag, Ber. 47, 237 (1914). (5) Kissling (to I.G.), Ger. 701.953, 

Jan. 2, 1940; C.A. 36, 99 (1942). 


3:9448 PHENOXYMETHYL CHLORIDE C7H7OCI BeiL S.N. 514 

(Chloromethyl phenyl ether; / ^y)CH2Cl 

a-chloroanisole; > ^ 

(o-chloroanisole) 

Authentic physical constants for this compound are unreported. 

[For attempts to prepare C from methylene (di)chloride (3:6020) (1) or from chloro- 
methyl acetate (3:5366) (2) by reaction with sodium phenolate, from formaldehyde di- 
phenylacetal (diphenoxymethane) [Beil. VI-1601 by partial cleavage to phenoxymethyl 
alcohol followed by conversion to C (1), or from anisole (1:7446) by chlorination (3) see 
indie, refs.] 

[For claim on use of C in refining of mineral oils see <4).] 

3:9448 (1) Bentley, Haworth, Perkin, J. Chem. Soc. 69 , 166-167 (1896). (2) Kirner, J. Am. Chem. 
Soc. 48 , 2747-2748 (1926). <3) Weygand, Vogel, J. prakt. Chem. (2) 166 , 342-346 (1940). 
(4) Clarke. Towne (to Texas Co.), U.S. 2,076,269, March 30, 1937; Cent. 1937 , H 330; CjL. 
31 , 3686 (1937). 
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2,6-DICHLORa4-M£THyLPHENOL OH C7HeOCl2 


B.P. 133-139^ at 28 mm. M.P. 33-39** 

See 3 : 0400. Division A : Solids. 



BeiLVI- 403 
VIi-(304) 
Vlir- 


3:9450 PIMELYL (DI)CHLORIDE C7H10O2CI2 Bea.n-671 

0=C— (CH2)6— C-O Hi— 

ii ii 

B.P. 137° at 16 mm. <1) 

[For prepn. of C from pimelic acid (1:0456) with excess SOCI2 (1) (2) see indie, refs.] 

(C with 1 mole MeOH should give 6-carbomethoxyhexanoyl chloride-1, b.p. 135-136® at 
^17 mm. (3), usually prepd. (3) from methyl hydrogen pimelate + SOCI2.] 

C 4- AICI3 + CeHe yields (2) l,5-diphenylpentanedione-l,5. 

C on hydrolysis yields pimelic acid (1:0456) (for the dianilide, di-p-toluidide, and other 
derivs. corresp. to C see 1 :0456). 

8:M50 (1) Blaise. Koehler, Bull. aoc. chim. (4) 5, 687 (1909). (2) Skraup, Guggenheimer, Ber. 
58, 2498 (1925). <3) Morgan, Walton. J. Chem. 80 c. 1935, 291. 


3:9453 d,/-a-METHYL-n-CAPROYL CHLORIDE C7H18OCI BeU. H - 343 

(n-Butyl-methyl-acetyl CHa.CH2.CH2.CH2.CH C=0 Hi— 

chloride) U2-(396) 

Physical constants for C appear to be as yet unrecorded. [The dextrorotatory stereo- 
isomer of C, b.p. 45-48® at 9 mm. (1) (amide, m.p. 66® (1)), has been obtd. from the dextro- 
rotatory acid with SOCI2 (1).] 

[For prepn, of C from n-butyl-methyl-acetic acid (1:1134) with PCI3 (2) or with SOCI2 
(3) see indie, refs.] 

C on hydrolysis yields 2-methylhexanoic acid-1 (w-butyl-methyl-acetic acid) (1:1134) 
(for the amide, anilide, p-toluidide, and other derivs. corresp. to C see 1 : 1134). 

3:9452 (1) Levene. Mikesa, J. Biol. Chem. 84, 581-582 (1929). (2) Rasetti, BvU. aoc, chim. (3) 
33, 690 (1905). <3) Reichstein, TrivelU, Hdv. Chim. Acta 15, 258-259 (1932). 


3:9456 a, a-DIMETHYL-n-VALERYL CHLORIDE C7H13OCI 
(Dimethyl-7i-propyl-acetyl CHa 

CH,.CHa.CHr-(!>-— C=0 

in, il 

B.P. 45° at 10 mm. (1) 


BeU. S.B. 162 


[For prepn. of C from a,cx-dimethyl-n-valeric acid [Beil. 11-345] see <1).] 

C on hydrolysis yields a,«*dimethyl-n-valeric acid (see above), b.p. 199-200®, 101-102® 
at 11 mm. (2>, 98-^® at 9 mm. <1>. 


O Dimefhyl-n-propyl-acet-amide: m.p. 95-96® <1) (2). 
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3:9450-3:9462 


8:H64 (1) Looqtiin, Leers» Compt, rend. 178, 2097 (1924). (2) Haller, Bauer, Compt. rend. 148, 
129 (1909). 


3:9458 a,^-DIM£THyL-n-VAL£RYL CHLORIDE C7H13OCI BelL S.H. 162 
(8ec.<Butyl-methyl-acetyl CH8.CH2.CH — C5H-^=0 

CH, CH* Cl 

B.P. 110-113° at 193 mm. (1) 

[For prepn. of C from a,/3-dimethyl-n-valeric acid (1) see (1).] 

C on hydrolysis yields a, /9-dimethyl-n- valeric acid, b.p. 210.5-210.8® at 760 mm. (1), 
Dll » 0.9316 (methyl ester, b.p. 166-168® at 743 mm. (1)). 

(^a,/9-Dimethyl-n-valeramide: m.p. 101-103® <1) 

® a,/3-Dimethyl-n-valeranilide: m.p. 71-72® (1). 

© oe,/9-Dimethyl-n-valero->-bromoanilide: m.p. 115-117® (1). 

3:9468 (l) Chichibabin, Katznelson, BiUl. acad. act. U.R.S.S., Claaae ad. math. not. 1933, 267- 
271; 0671^.1933,113409; C. A. 27, 3698 (1933). 


3:9460 7, 7-DIMETHYL-n-VALERYL CHLORIDE C7H13OCI Beil. S.N. 162 

(Neopentylacetyl chloride) CH3 

CH,— i— CHj— CHr- 0=0 

in, ii 

B.P. 04° at 100 mm. (1) • » 1.4394 {1> 

(For prepn. of C from neopentylacetic acid (1) with SOCI2 see (l).l 
[C with a large excess of ter-BuMgCl (4 moles) gives (1) 67% yield 2,2,6,6-tetramethyl- 
heptanol-3, m.p. 68^59® (1) (3,6-dinitrobenzoate, m.p. 99.5® (1); Ar-(a-naphthyl)carbamate, 
m.p. 92° (1)), and 13.5% 2,2Klimethylpentanol-5, b.p. 160® at 728 mm. (1), 158® at 737 mm. 
(2), 96® at 62 mm. (2 ), dJ® = 0.815 ( 2), np = 1.4202 (2) (iV-(a-naphthyl)carbamate, m.p. 
80.M1® (2)).] 

C on hydrolysis presumably yields neopentylacetic acid, b.p. 159® at 160 mm. (1), 
nl? * 1.4216 <1). 

3:9460 (l) Whitmore, Whitaker, Mosher, Breivik, Wheeler, Miner, Sutherland, Wagner, Clapper, 
Lewis, Lux, Popkin, J. Am. Chem. Soc. 63, 647 (1941). (2) Whitmore, Homeyer, J. Am. Chem. 

Soc. 66, 4558 (1933). 


3:9462 a-ETHYlHS-METHYL-n-BUTYRYL CHLORIDE C7H13OCI 
(a-Ethyl-isovaleryl chloride; CH3 — CH — CH — C ==0 

ethyl-isopropyl-acetyl chloride) ^ jj 

B.P. 63-65® at 12 mm. (1) 


BeU. S.N. 162 


[For prepn. of C from ethyl-isopropyl-acetic acid [Beil. 11-345, IIi-(147)I see (1).] 

C on hydrolysis yields a-ethyl-isovaleric acid (see above), b.p. 202-203® (1), 202-204° <2). 


© Ethyl-isopropyl-acet-amide: ndls. from aq., m.p. 136® cor. <3), 134-135.5® (2), 134® 
(2). [From C -f NHs at 180® (2).] 

© Ethyl-isopropyl-acet-anilide: ndls. from Igr., m.p. 114-115® <1). 

© EthyMsopropyl-acet-A-toluidide: ndls. from It. pet. m.p. 122.5-123® <2). 

3:9462 (1) Nenitsesou, Ghioos, Ber. 68, 1587 (1935). (2) Crossley, Le Sueur, J. Chem. Soc. 77, 
94 (1900). (3) Fischer. Rohde, Brauns, Ann. 492, 375-376 (1914). 
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3:9470 ISOBUm rf,/-a-CHLOROPROPIONATE C 7 H 13 O 2 CI 

H 

j-o.co.i.c 


(CH,)sCH.CH2.0.( 




!.CHs 


BeO. 8JT. les 


B.P. 


= 1.0176 <1> ng = 1.4230 (1) 


3:1I470 (1) Schjanberg, Z. physik. Chem. A-177, 230 (1935). 


3: 9474 n-BUTYL /3-CHLOROPROPIONATE C 7 H 13 O 2 CI Befl. H — 

n.C 4 H 90 .C 0 .CH 2 .CH 2 Cl ni— 

n2-(»27) 


B.P. 104° at 22 mm. ( 1 ) 
97° at 16 mm. < 1 } 


Df = 1.0394 (2) n|? = 1.4321 (2) 
Dit = 1.0708 (1) n?, = 1.4386 (1) 


(For prepn. from n-butyl ale. (1:6180) 4- /5-chloropropionic ac. (3:0460) see (1).] 

C htd. at 200° with diethylaniline loses HCl and gives (90-100% yield (1)) in distillate 
n-butyl acrylate, b.p. 138-140° at 756 mm. <1). 

3:9474 (1) Moureu, Murat, Tampier, Ann. chim. (9) 16, 246, 251 (1921). (2) Schjanberg, Z. 

physik. Chem. A-172, 231 (1935). 


3:9480 n-AMYL a-CHLOROETHYL ETHER H CtHisOCI Beil. S.N. 78 
(a-Chloroethyl 7i-amyl ether) I 

CHs.C.O.Ti-CsHii 

B.P. 63.3-66.3° cor. at 8 mm. ( 1 ) 0.9200 ( 1 ) = 1.4218 (1) 

[For prepn. (99% yield {!)) from paraldehyde (1:0170) + n-amyl ale. (1:6205) + dry 
HCl seed).] 

C on stdg. polymerizes to dark tarry residue <1). 

C on shaking with aq. yields acetaldehyde (1:0100), n-amyl ale. (1:6205), + HCl. 
3:9489 (1) Henze, Murchison, J. Am. Chem. Soc. 63, 4077-4079 (1931). 


3:9490 /J-CHLOROPROPIONALDEHYDE DIETHYLACETAL Bea.I -632 

C1CH2.CH2.CH(OC2Hb) 2 C7H1BO2CI Ii.( 335 ) 

l2-(690) 

B.P. 84* at 36 mm. (1) = 0.9846 (2) n??® = 1.4203 <2) 

74° at 30 mm. (2) (10) Z>i*' = 0.9951 (2) n}>® * -= 1.4206 <2> 

66 - 66 ° at 8 mm. (3) 

47-60° at 8-4 mm. (4) 

Oil, insol. in aq. but sol. in org. solvents. — C may be preserved only if completely free 
from acid (11) and should be kept over moist K2CO3 (3). — C on htg. dec. at abt. 145° 
yielding (1) HCl and acrolein (1:0115). 

[For prepn. from acrolein (1:0115) in abs. ale. at 0° with HCl gas (34% yield (5)) (6) 
(7) (11) (12) in the presence of CaCl2 (90% yield (8), 56% yield (8)) see indie, refs.; for 
prepn. from oe,7-dichloro-n-propyl ethyl ether (9) by reactn. in the cold with EtOH (^% 
yield (9)) (1) or with NaOEt (1) see indie, refs.] 
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C readily hydrolyzes in the presence of dil. acid yielding j^-chloropropionaldehyde (3 : 5676) 
q.v. and EtOH (1:6130) q.v. 

C on refluxing with 2 moles aq. soon undergoes spontaneous reactn., the initial two layers 
becoming miscible, and after rapid cooling and shaking with cone. KHSOs or NaHSOs 
soln. gives (2) upon addn. of alcohol a ppt. of the corresp. bisulfite cpd. of /3-chloropiopion> 
aldehyde (3:6676). 

[C shaken with a large excess (6 moles) of powdered KOH, then htd. at 210-220®, gives 
(yields: 76% (13), 70% (8)) (10) (3) (12) acrolein diethylacetal (1:0169) q.v., b.p. 123®. 
— C on shaking with dil. aq. NaOH at 116® yields (11) /8-hydroxypropionaldehyde di- 
ethylacetal [Beil. 1-820, Ii-(418)].] 

[For reactn. of C with aniline (14) (15), with hydrazine hydrate (16), with alcoholates or 
phenolates (17), with diethyl sodiomalonate (18), with MeNH 2 (19), or with sodium methyl 
mercaptide (20) see indie. refs.J 

3:9490 (1) Brabant, Z. physiol. Chem. 86, 208-209 (1913). (2) Crawford, Kenyon, J. Chem. 

Soc. 1927, 399. (3) Witzemann, J. Am. Chem Soc. 36, 1909^1912 (1914). (4) Hartung, Adkins, 

J. Am. Chem. Soc. 49, 2521 (1927). (5) Witzemann, Evans, Hass, Schroeder, Org. SyrUheaea, 

CoU. Vol. 2 (1st ed.), 137-138 (194;j). (6) Ncuberg, Wendisch, Biochem. Z. 466, 480 (1926). 

(7) Evans, Hass, J. Am. Chem. Soc 48, 2705-2706 (1926). (8) Reeves, J. Chem. Soc. 1927, 2481. 

(9) Dulifire, Bull, soc chim. (4) 33, 1651-1652 (1923). (10) Wohl, Ber. 31, 1797-1798 (1898). 

(11) Wohl, Emmerich, Ber. 33, 2701 (1900). (12) Spoehr, Young, Carnegie Inst. Wmh. Year- 
book 26, 175-177 (1925/6); Expt. Sla. Record, 67, 817; C.A. 22, 2.368 (1928). (13) Witzemann, 

Evans, Hass, Schroeder, Org. Syntheses, Coll. Vol. 2 (1st ed.), 17-18 (1943). (14) Barr, J. Am. 

Chem. Soc 62, 2422-2425 (1930). (15) Rath, Ber. 67, 717 (1924). (16) Wohl, Ber. 64, 1384 

(1931). (17) Schongin, Korschak, Ber. 68, 841-844 (1935). (18) EUmger, Ber. 38, 2886 (1905). 

(19) Wohl, Johnson, Ber. 40, 4714 (1907). (20) Barger, (Joyne, Biochem. J. 22, 1420 (1928). 


3:9494 a-CHLORO-/S-PHENYLACETYLENE 

(Chloroethynylbenzene; 
phenylethynyl chloride; 
a>-chlorophenylacetylene) 


^C^C— Cl 


CgHfiCl 


BeU. V-513 
Vi- 
V2- 


B.P. 74° at 16 mm. (1) 

74® at 14 mm. (2) 

73® at 16 mm. (3) 

72® at 16 mm. (4) 

71.5®-72® at 16 mm. (5) 

71° at 16 mm. (6) 


i>L® = 1.186 (5) (6) n}? = 1.676 {6) (6) 
n{? * = 1.6788 (6) 


Colorless mobile liq. with strong and characteristic odor. — Polymerizes rapidly on stdg. 
with sepn. of crystals (never identified) (7). 

[For prepn. of C from sodium deriv. of phenylacetylene (1:7426) in dry ether with 
p-toluenesulfonyl chloride (65% yield (6)) (3) (7) or benzenesulfonyl chloride (yield 54% 
(6)) (8) see indie, refs.; from phenylethynyl MgBr in dry ether with benzenesulfonyl 
chloride (yields: 35% (6), 13.7% (9)) or p-toluenesulfonyl chloride (33% yield (6)) see 
indie, refs.; from dichloroacetylene (3:5010) with CeHsMgX (70% yield) see (4); from 
sodium or silver salts of phenylacetylene (1:7425) with SO 2 CI 2 in dry ether (small yield) 
see (2); from «,o)-dichlorostyrene (o,a-dichloro-/3-phenylethylene) [Beil. V-477, V 2 - (367)1 
by elimination of 1 HCl with ale. KOH (1 mole) at 100° for 1 hr. see (2).] 

C on protracted boilg. with excess ale. KOH followed by acidification yields (2) (6) 
phenylacetic acid (1:0665). 

[For reactn. of C with diethyl sodiomalonate see (2) (6).] 

C does not react with KI in acetone (7). 
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3204114 <1} Bergmann. J. Chem. Soc, 1086, 404. (2) Nef, Ann. 308, 316-323 (1898). (3) Cleve- 
land, Murray, J. Am. Chem. Soc. 61, 3547 (1939). (4) Ott, Bossaller, Ber. 76, 89-90 (1943); 
C.A. 87. 5015 (1943). (5) Bourgeul, Tmchet, Cimpt. rend. 100, 753-755 (1930). (6) Truchet, 
Ann. chim. (10) 16, 320-327, 335-337, 340-358 (1931). (7) Murray, J. Am. Chem. Soc. 60, 2663 
(1938). <8) Wilson. Wenake, /. Am. Chem. Soc. 56, 2026 (1934), (9) Gilman, Fothergill, J. 
Am4 Chem. Soc. 51, 3506 (1929). 

3:9497 o-CHLOROPHENYLACETYLENE CsHsCl BeiL S.N. 474 

y-teCH 

Cl 

B.P. 71° at 18 nun. (1) <2) = 1.1349 (2) n?f =* 1.6690 <2) 

[For prepn. of C from o-chlorophenylpropiolic acid (3:3956) by elimination of CO2 with 
NaHCOg + CuCl2 (66% yield <1)) or Cu(OAc)2 (yield not stated (2)) see indie, refs.] 

(For study of dipole moment see (3).l 

C with PClg (3 wt. pts.) in CeHe stood 24 hrs. then poured into aq. gives (54% yield (1)) 
a-chloro-a-(o-chlorophenyl)ethylene-/J-phosphinic acid (C8H7O3CI2P), Ifts. from dil. HCl, 
m.p. 187° (1). — [This prod, with 5% aq. KOH boiled for 6 hrs. loses HCl, giving (1) upon 
acidification o-chlorophenylacetylenephosphinic acid (CgHeOgClP), Ifts. from CgHg/AoOH, 
m.p. 134° (1).] 

[C with I2 in liq. NHg at —34° readily gives (95% yield (4>) o-chlorophenyl-iodo-acetylene, 
cryst. from MeOH, m.p, 37.7-38.0° (4).] 

® Di-(o-chlorophenyleth3myl)mercury: m.p. 213-214° (2). [From C in ale. with alk. 
K2Hgl4 according to (5); note, however, that m.p. of this prod, is only slightly lower 
than that (221-222°) of the corresp. prod, from p-chlorophenylacetylene (3:0590).] 

3:3497 (1) Bergmann, Bondi, Ber. 66, 282-283 (1933). (2) Otto, J. Am. Chem. Soc. 56, 1393- 
1394 (1934). ( 3 ) Otto, Wenzke, J. Am. Chem. Soc. 56, 1314r“1315 (1934) (4) Vaughn, Nieuw- 

land, J. Am. Chem. Soc. 56, 1207-1209 (1934). (5) Johnson, McEwen, J. Am. Chem. Soc. 48, 
471 (1926). 

3:9500 m-CHLOROPHENYLACETYLENE CsHgCl Beil. S.N. 474 

— C=CH 

B.P. 64-65° at 12 mm. (1) 

[/See also o-chlcyrophenyJacetylerie (3:9497),] 

[For prepn. of C from ?ii-chlorophenylpropiolic acid (3:4102) by elimination of CO2 with 
Cu(OAc )2 (yield not stated) see (1); for formn. of C from ?n-chlorocumene by pyrolysis 
see <5}.] 

[For study of dipole moment see <2).] 

[C with I2 in liq. NHg at —34° readily gives (91% yield (3)) m-chlorophenyl-iodo-acety- 
lene, m.p. 11.1°, Di® = 1.818, - 1.6638 (3).] 

® Di-(m-chlorophenyleihynyl)mercury: m.p. 138-139° (2), 138.0-138.5° (3). [From 
C in ale. with alk. K2Hgl4 according to (4).] 

8:3566 (1) Otto, J. Am. Chem. Soc. 56 , 1393-1394 (1934). (2) Otto, Wenzke, J. Am. Chem. Soc. 
56, 1314-1315 (1934). (3) Vaughn, Nieuwland, J. Am. Chem. Soc. 56, 1207-1209 (1934). (4) 
Johnson, McEwen, J. Am. Chem. Soc. 48, 471 (1926). (5) Dreisbach (to Dow Chem. Co.), 

U.S. 2,110,830, March 8. 1938; Cent. 1338, 1 4110; C.A. 83, 3426 (1938). 
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3:9S04r-3i9514 


3:0004 a,B-DICHLORO-a,6-DIMETHyLHEXyRE-3 CgHuClj 

Cl a 

CHr-lIj— CsC— <!l— CH, 

Ahs dlHj 

B.P. 62-63° at IS nun. (1) M.P. 29° (1) 

IProm 2,5.dimethylhexyn-3-diol-2,5 (Beil. 1-601, Ii-(263)] with HCl at 0° see (1).] 

3:MM { 1 } Dupont, Compt. rend. tSt, 198 (1911). 

3:0006 3-CHLORO-OCTADIENE-l,3 Cl CsHwCl BeiL S.lf. 12 

CHa.CH2.CH2.CH2— CH=i— CH=CH2 

B.P. 64-60° at 18 nun. (1) (3) = 0.9366 (1) = 1.4704 (1) 

[For prepn. of C from l-7i-butyl-2-vinylacetylene (2) by shaking with cone. HCl contg. 
CU2CI2 + NH4CI see (l).l 

C htd. H Pt* naphthoquinone-1,4 (1:9040) at 100® for 2 hrs., prod, suspended in ale. 
NaOH and aerated, yields (1) l-ri-butyl-2-chloroanthraquinone, yel. ndls. from MeOH, 
m.p. 129-130® <1). 

[For polymerization of C see (1) (3).] 

3:9506 (1) Jacobson, Carothers, J. Am, Chem. Soc, 55, 1624-1627 (1933). ( 2 ) Jacobson, Caro- 
thers, J. Am. Chem. Soc. 55, 1622-1624 (1933). (3) Carothers, Coffman, U.S. 1,950,441, March 

13, 1934; Cent. 1934, II 1037; C.A. 28, 3270 (1934). 

3:9510 1-CHLORO-OCTYNE-l CgHiaCl Beil. S.N. 12 

CH 3 .CH 2 .CH 2 .CH 2 .CH 2 .CH 2 — Ce=C— C l 

B.P. 61-62° at 17 mm. (1) Di” = 0.912 (1) nf? » 1.440 (1) 

[For prepn. of C from octyne-1 («-hexylacetyIene) (1:8106) vis conversion with NaNH, 
to CeHis.C^C — Na and reaction in ether with bezenesulfonyl chloride (65% yield (1)) 
see (1).] 

[Refractive indices via Pulfrich instrument: = 1.4447, — 1.4472, tiy’^ — 

l.-^36, = 1.4589 (I).] 

C on refluxing for 12 hrs. with ale. KOH jpves (70% yield (1)) n-caprylic acid (1 : 1146). 
3:9510 (1) Truohet, Ann. chim. ( 10 ) 16, 334, 337, 351 (1931). 

3:0514 l-CHLORO-OCTYNE-2 Cl CsHiaCl BeiL S.N. 12 

ch,.ch 2 .ch 2 .ch 2 .ch 2 .c=c.(!:h 2 

B.P. 80.0-81° at 16 mm. (1) 

[For prepn. of C from oct3m-2-ol-l [Beil 1-456, Ii-(236), I2-(506)I with PCI3 see (1).] 


Belli — 


3:0514 (1) Toussaint, Wenzke. J. Am. Chem. Soc. 57, 668-669 (1935). 
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3:9516 8-CHLORO-3.METHYLHEPTyNE-4 Cl CgHisCl BeU. S.N. 12 

CH,.CHj.CfeC— (! v-CH2.CH, 

in, 

B.P. 65° at 130 nun. (1) ' = 0.9163 (1) > 1.4330 (1) 

(For prepn. of C from 3-methylhcptyn-4-ol-3 (1) by saturation with HCl gas (60% yield) 
seejl).] 

[C with MeMgBr gives (66% yield) 3,3-dimethylheptyne-4, b.p. 69® at 100 mm., Dj® = 
0.7610, Wd = 1.4360 (1); C with EtMgBr gives (61% yield) 3-ethyl-3-methyl-heptyne-4, 
b.p. 88® at 100 mm., Df == 0.7714, nf? = 1.4386 (1).] 

3:9516 (1) Campbell. Eby, J. Am. Chem. Soc. 62, 1799-1800 (1940). 


3:9518 d,l-3-CHLORO-OCTENE-l CgHijCl 

CH3— (CH 2 ) 4 — CH— CH==CH2 


Beil. S.N. 11 


No record of this compound can be found in the literature. 

[Note, however, that the levorotatory enantiomorph has been reported (I).] 

3:9518 (1) Levene, Rothen, J. Chem. Phys. 5, 982 (1937). 


3:9520 6-CHLORO-2-METHYLHEPTENE-2 


CgHisCl 


Cl 

CHir-<!j— C; 

A 


CH, 

IHs.CH2.CH==(!^H, 


B.P. 60-61° at 16 mm. (1) 
69-61° at 16 mm. (2) 


Beil I 


11- 

12- (200) 


Dj® = 0.8931 (1) n}>® - 1.4458 <1) 


Colorless mobile liq., insol. aq., sol. in usual org. solvents 

[For prepn. from 2-methylhepten-2-ol-6 [Beil. 1-448, Ii-(230), l2-(490)] with SOCI2 + 
pyridine (39% yield (1)) see (1) (2).] 

C could not be induced to yield an R.MgCl cpd. (2). 

C in AcOH treated with O3 and the soln. subsequently shaken with Zn dust gives (61% 
yield <!)) 7-chloro-n-valeraldehyde, b.p. 70-71® at 16 mm. (1). 

3:9526 (1) Helferich, Dommer, Ber. 53 , 2008-2009 (1920). (2) Doeuvre, BvU. soc. chim. (4) 

45 , 359-360 (1929). 


3:9524 d,M.CHLORO-8-METHYLHEPTENE-2 Cl CH3 CsHigCl 

CH,.CH2.CH2— i— i=CH.CH2 


Beil. I — 

11- (94) 

12- 


(For prepn. of C from 3-methylhepten-2-ol-4 (1) with 6 N HCl see (1).] 
3:9524 (1) Abelmann, Ber. 43 , 1581 (1910). 
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3:9525-3:9538 


3:9525 4-CHLORO-6-METHyLHEPTENE-2 CgHuCl BeiL S.N. 11 

(4rChloro-2-methylheptene-6) CHj— CH— CH»— CH— CH=CH— CH» 

<!;h» 

B.P. 57° at 13 mm. (1) 

(For prepn. of C from 6-methylhepteD-2«l-4 Mrith HCl see (1).] 

S:»52S ( 1 ) Enorr (to I.G.), Ger. 553,279, June 24, 1932; Cent. 1932, U 2370; C.A. 26, 4611 
(1932). 


3:9526 6-CHLORO-4-METHyLHEPTENE-3 Cl CHs CsHuCl 

CH^CHs iH.(!!==CH.CH2.CH3 

B.P. 75-78° at 63 mm. (1) 


BeiL I — 

Ii-( 94) 
1*-(301) 


Two geom. stereoisomers of C are possible, but only this one is as yet recorded. 

(For prepn. of C from 4-methylhepten-3-ol-5 [Beil. Ii-( 201 ), l2-(491)] by distn. with 
cone. HCl < 1 ) (3) or by saturation with dry HCl gas at 0 ® ( 2 > see indie, refs.l 
C is very reactive toward aq.; at 15° C is 93% hydrolyzed in 48 hrs., at 46-50° 90% 
hydrolyzed in 75 min. ( 2 ). 

C on oxidn. with Na 2 Cr 207 4- H 2 SO 4 at 45-50° yields ( 2 ) 4-methylhepten-3-one-5 (Beil. 
l 2 -( 799 )], b.p. 170-172° at 735 mm., 96-98° at 70 mm., Dl^ - 0.8773, n}f = 1.4610 (2,4- 
dinitrophenylhydrazone, m.p. 147°, semicarbazone, m.p. 167° (2>). 

3:9526 ( 1 ) Bjelouss, Ber. 43, 2331 (1910). ( 2 ) Courtot, Pierron, Ball. soc. chim. (4) 45, 292 
(1929). <3) Knorr (to I.G.), Ger. 553,279, June 24, 1932; Cent. 1932, II 2370. 


3:9527 2-CHLORO-2,6-DIMETHYLHEXENE-3 CsHibCI Bed. S.N. 11 

(Di-isocrotyl hydrochloride) CH3 CH3 

CH,— i— CH=CH— CH— CH, 

ii 

C has never been reported in pure form; note that, in addition to thepossibilityof existence 
of two geometrical stereoisomers, C by virtue of allylic rearrangement can yield 4-chloro- 
2,5-dimethylhexene-2 (3 :9529) q.v. 

(For prepn. of C (as a mixt. with some or all of these other compds. ) from 2 , 6 -dimethyl- 
hexadiene-2,4 (“di-isocrotyl”) [Beil. 1-259, Ii-(122), l2-(237)l by addn. of dry HCl gas 
see (1); note that the reaction prod, has bp. 45-60° at 15 mm., = 1.45 to 1.46, and 
although stable in the cold decomposes on attempts to effect fractional distn.] 

[C with MeMgCl yields (1) mainly 2,4,5-trimethylhexene-2 (Beil. Ii-(96)1, b.p. 128.4° 
at 760 mm. (1), Dj® = 0.7403 (1), nf? = 1.4268 (1), accompanied by some 2,2,5-trimethyl- 
hexene-3, b.p. 114° at 760 mm. (1), nf? = 1.416 <!).] 

3:9527 (1> Henne, Chanan, Turk, J. Am. Chem. Soc. 63, 3474-3476 (1941). 


3:9528 4-CHLORO-3,6-DIM£THYLHEX£N£-2 Cl CsHisCl 

CH,.CH=C— inCH-CH, 

in, in, 


BeiL I — 
li-(94) 


B.P. 58-60° at 21 mm. (1) 
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[For prepn. of C from 2,4-dimethylhexen-4-ol-3 (1) with 6 N HCl (80% yield) see (1).] 
3:9328 (1) Abeimann, Ber. iS, 1581-1582 (1910). 


3:9599 4-CHLORO-2,6-DIM£THYLHEXENE-2 CgHuGl 

CHa CHs 

CHs— i=CH—CH— iH—CHs 


BeiL S.N. 11 


ii 


II 

C, the allylic rearr. prod, of 2-chloro-2,5-dimethylhexene-3 (3:9627) q.v., has never been 
reported in pure form <1). 

3:9599 (l) Henne, Chanan. Turk, J. Am. Chem. Soc. 63, 3474-3476 (1941). 


3:9530 i/,2-l,6-DICHLORO-OCTAN£ 


CgHiflClg 
Cl * Cl 

ch3.ch2--(>-*ch2.ch2.ch2.ch2.([;h2 


BeU. I — 

11- 

12- (124) 


B.P. 105-107*’ at 16 mm. (1) 

[For prepn. of C from N-benzoyl-2-n-propylpiperidine (N-benzoylconiine) [Beil. XX-llB] 
by conversion with PCls to the amide-chloride C 8 Hi 6 N.C(Cl) 2 .CeH 6 followed by rapid 
distn. of the latter see (1).] (This prod, was originally (1) thought to be 1,5-dichloro- 
octane [Beil. 1-160] but is now regarded (2) as C.] 

3:9580 (1) von Braun. SohmitE, Ber. 39, 4366 (1906). (2) von Braun, Pohl, Ber. 57, 482-483 
(1924). 

3:9539 d,M,7-DICHLORO-OCTANE C 8 H 16 CI 2 

Cl Cl 

CH3— C^H2.CH2.CH2.CH2.CH2.iH2 

H 


Beil. I- 160 

11- 

1 2 - 


B.P. 139-138*’ at 20-26 mm. <1) 

[For prepn. of C from octamethylenediamine [Beil. IV-271] with NOCl see (1). The 
prod, is admittedly impure and contains also 8-chloro-octene-2 and 1,8-dichloro-octane 
(3:8806).] 

C on htg. with sodium phenolate yields (1) 1,7-diphenoxyoctane [Beil. VI-148], b.p. 240- 
260*’ at 20-26 mm., not volatile with steam. 

8:9589 (1} Ssolonina, J. Russ. Phys.~Chem. Soc. 39, 620-621 (1898) ; Cent. 1898, 1 26. 

3:9534 4-CHLORO-3-(CHLOROM£THYt)-H£PTAN£ CgHuCla Beil S.N. 10 

Cl CH 2 CI 

€SH,.CHs.CHit— (I j (Ij— CH,.CH a 


B.P. 50*’ at 0.2 mm. (1) 
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(For prepn. of C from 2-ethylhexaiiediol-l,2 with cone. HCl at 120® see (I).] 

8:9m (1) von Braun, Mans, Ber, 93, 1704-1705 (1934). 


3: 9536 3,3-DICHLORO-2,2,4-TRIMETHYLPENTANE CaHifiCh 

(Pentamethylacetone dichloride) CH3 Cl CH# 

CHr-<!j— -i i-CH, 

i A in, 

B.P. at 19 mm. (1) 

[For prepn. of C from 2,2,4-trimethyIpentanone-3 (pentamethylacetone) (Bril. 1-708, 
Ii-(364), l2-(760)l with PCU in s.t. for 60 hrs. at 140® (1) (together with other products) 
see (1).] 

3:9536''(l) Favorskii, Fritsman, J. Russ. Phya.-Chem. Soc. 44, 1353 (1912); Cent, 1913, I 1007; 
C.A, 7, 985 (1913); J. prakt, Chem. (2) 88, 654 (1913). 


Bail I — 
Ii-(63) 
Ir- 


3:9538 d,f-4-CHLORO-OCTANE CsHitCI BeiL S.N. 10 

(tt-Butyl-n-propyl- 


C as such is as yet unreported; however, the dextrorotatory isomer of C has been obtd. 
(1) from the metathesis of levorotartiory 4-iodooctane with LiCl in MeOH; b.p. 92® at 50 mm. 

3:9538 (1) Levene, Rothen, Kuna, /. Biol, Chem. 129, 786 (1937). 


.rbinyl chloride) Cl 
CH,.CH,.CH,.CHr-(!^-CH,.CH,.CH» 

k 


3:9540 (/.I-G-CHLORO-S-METHYLHEPTABE CsHitCI BeiL S.N. 10 

(Isohexyl-methyl-carbinyl chloride) CHs Cl 

CH^--<!)-CH,.CH^CH,-<!3— CH, 


k 


k 


B.P. 74^95” at 36 mm. <1) 


Hd 


1.4260 (1) 


[For prepn. of C from 2-methylheptanol-6 [Beil. 1-421, Ii-(209), l2-(453)] with SOCls 
in cold CHCla + dimethylaniline, then refluxed 2 hrs., see (1).] 

C with activated Mg in dry ether gives with difficulty not over 41% of RMgCl (by 
carbonation and titration of the resultant acid (1)). 


3:9540 (l) Peak. Robinson. J. Chem. Soc. 1937, 1589-1590. 


3:9544 S-CHLORO-S-METHYLHEPTANE CsHitCI 

(nrButyl-ethyl-methyl-carbinyl chloride) Cl 

CH,.CH2.CH2.CH,-<!>-CH,.CH, 

CH, 


BeU. &N. 10 


B.P. at 37 mm. (1) 

55^ at 16 nun. (2) 


if - 0.8729 <2) > 1.4293'(3) 

if - 0.8764 (2) rS - 1.4317 (3) 
1.4314 <1) 
1.4205 (2) 
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[For prepD. of C from S-meihylheptanol-S (n-butyl-ethyl-methylcarbinol) [Beil. 1-421, 
l3-(453)l (1) (2) with dry HCl gas at -10® (2) or at 10-16® (92% yield <1» see indie, refs.] 
C with Mg in dry ether as specified (1) gives 70% yield corresp. RMgCl. 

C converted as above to RMgCl, treated with formaldehyde gas, gives (31% yield (1)) 
2-ethyl-2-methylhexanol-l, b.p. 86.5-86® at 11 mm., nf) - 1.4401 (1). 

3:9644 (1) Whitmore, Badertscher, J. Am, Chem. Soc. 65, 1560-1662. 1565 (1933). (2) Whit- 
more, Woodburn, J, Am. Chem. Soc. 56, 361-365 (1933). (3) Smart, Quayle, J. Am. Chem. Soc. 

97, 21 (1945). 


3:9548 3-CHLORO-4-METHYLHEPTANE 


[.HEPTANE CHs Cl CsHitCI 
CH,.CH2.CH,— (!; i— CHj.CHa 


k k 


B.P. 83-86” at 79 mm. (1> 


[For prepn. of C from 4-methylheptanol-3 with PCI4 t 
3:9648 (1) Bjelouss, Ber. 46, 628 (1912). 


BeU. I — 

Ii-(61) 

I*— 


3 : 9650 d,l-4.CHLORO-4-METHyLHEPTANE CsH, 7CI Befl. I — 

(Methyl-di-n-propyl-carbinyl chloride) Cl Ii-(62) 

CH,.CH 4 .CH!!— C— CHj.CH 2 .CH 8 

in, 

B.P. 50-51° at 18 mm. (1) (3) = 0.8690 <1) nif = 1.43098 (1) 

[For prepn. of C from 4rmethylheptanol-4 (methyl-di-n-propyl-carbinol (1)) by saturation 
with HCl gas see (1).] 

[For data on density of C at 16®, 25®, 60®, and 65® and value of parachor at 0®, 26®, 60®, 
and 76® see <2).] 

[C with CeHc -|- AICI3 gives (64% yield (1)) 4-methyl-4-phenyl-heptane, b.p. 120-121® 
at 12 mm., Dj® = 0.8708, wd = 1.49326 ( 1); for behavior with naphthalene + AICI3 in 
CS2 see (3).l 

3:9660 (1) Halse, J. prakt. Chem. (2) 80, 453-454 (1914). (2) Quayle, Owen, Beavers, J. Am, 
Chem. Soc. 61, 3108 (1939). (3) Petrov, Kurbskii. /. Gen. Chem. (U.S.S.R.) 14, 492-494 (1944); 

C.A. 39, 4600 (1945). 


3:9552 d^-l-CHLORO-3-ETH7LHEXANE 


rE C8H17C1 

CH 3 — CH 2 Cl 
CH8.CH2.CHr--('>-CH2.iH2 


Beil. S.N. 10 


C as such is as yet uztfeported; however, the dextrorotatory isomer of C hss been me- 
pared from dextrorotatory S^ethylhexanoM fl) with SOClj; b.p. 86° at 40 mm., Diy = 
0.879, nf>' - 1.4335 <1). 

S:MS> (1) Levene. Marker, J. BM. Chan. 91, 699-700 (1931). 
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CqUitOi 
Cl ^ 


3:9554 8-CHLORO-2,3-DIM£THyLH£XANE 
(l8opropyl-methyl-?i-propyl-carbmyl 
chloride) J 

CH3.CH2.CH2— C CH— CHs 

<!;Hs ([jh. 


B«a.&N. 10 


B.P. 41-43*' at 12 mm. <1) nff » 1.4333 <2) 

Hf - 0.8869 (1) = 1.4353 (2) 

1.4350 (1) 


[For prepn. from 2,3-dimethylhexanol«3 (Beil. Ii-(210), l2-(454)] (2) <1) with dry HCl 
gas at 0® (81% yield (1)) see (1) (2).] 

3:2554 ( 1 ) Whitmore, Evera, J. Am. Chem. Soc, 56, 813-814 (1933). ( 2 ) Stevens, Greenwood, 
J. Am, Chem. Soc. 65, 2152-2153 (1943). 


3:9556 2-CHLORO-2,6-DIM£THyLH£XAN£ CsHitCI 

(Isoamyl-dimethyl-carbinyl chloride) Cl 

CHr-CH— CHs-CHr-i— CH, 

djH, CH, 

B.P. 86‘ at 100 nun. <1) nf? .. 1.4933- 

44-46° at 14 nun. (2) 1.4940 (1) 

Di* = 0.8476 (2) njj® = 1.4996 <2> 

(For prepn. of C from 2,5-dimethylhexanol>2 (isoamyl-dimethyl-carbinol) (2) by satura^ 
tion with HCl gas (79% yield (2)) see (1) <2); for formn. of C (together with other prOds.) 
during hydrolysis of 2-nitroso-2,5-dimethylhexane see (1).] 

(C with CeHe + AICI3 gives 2,5-dimethyl-2-phenylhexane, b.p. 116-117® at 14 mm., 
Di® = 0.8844, ni? = 1.60233 (2).] 

8:9556 (1) Aston, Ailman, J. Am. Chem. Soc. 60, 1931 (1938). (2) Halse, J. prakt. Chem. (2) 

89, 455 (1914). 


Beil. I — 

11- (62) 

12 — 


3:9558 2-CHLORO-3,4-DIM£THYLHEXAN£ 

H H Cl 

CHa.CH2— i i i- 

dlHa CHs i 


CgHizCl 


CH 3 


Beil. S.N. 10 


No physical constants on this compound are recorded; for its formation, however, as a 
by-product of the addition of HCl to butene-2 see (1). 

8:9558 (1) Coffin, Sutherland, Maass, Can. J. Research 2, 275-278 (1930). 


3:9560 4-(CHLOROM£THYL)-3-M£THyLH£XAN£ CsHitCI BeiL S.N. 10 

CHs 

CH,.CHr-CH— in— CH,.CH, 
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No physical constants on this compound are recorded; for its formation, however, as a 
by-product of the addition of HCl to buteno-1 see (1). 

3:9560 fl) Coffin, Sutherland, Maass, Can. J. Research 3, 277 (1930). 


l-CHLORO-2,2,8,3-TETRAMETHYLBUTANE CsHnCl BeU. S.N. 10 

CHs CHs 

CHr-i i— CHjCl 

in, in, 

B.P. 80-81° «t 40 mm. M.P. 52-S3° 

/See 3:0945. Division A: Solids. 

BeU. XIX-370 
XIXi— 


PIPERONYLOYL CHLORIDE CsHsOsCl 

B.P. 155^ at 2^ mm. . M.P. 80" 

See 3 : 1960. Division A: Solids. 



3:9565 BENZYL CHLOROFORMATE C8H7O2CI 

(Benzyl chlorocarbonate, n nr\ m 

** carbobenzoxychloride ”) 

B.P. 103" at 20 mm. (1) 

Colorless oil with penetrating odor. — C is a valuable common reagent for characteri- 
zation of amino acids and related compounds. 

[For prepn. of C from benzyl ale. (1 : 6480) by treatment with phosgene (3 : 5000) directly 
at —8" <1) or in toluene (2) (91-95% yield <3» see (1) (2) (3).] 

C on htg. loses CO2 <1) <2), slowly at 100®, rapidly at 155®, leaving benzyl chloride 
(3:8535), b.p. 179®. Even vac, distd. C may contain benzyl chloride. 

C with hydroquinone (1 : 1590) in aq. Na2C08 under N2 yields according to conditions 
(4) mono(carbobenzoxy)hydroquinone, pr. from 50% ale., m.p. 120-120.5® cor. <4), or 
di(carbobenzoxy)hydroquinone, ndls. from ale., m.p. 142-143® cor. (4). 

® Benzyl carbamate [Beil. VI-437]: ciyst. from aq. (1) or toluene (3), m.p. 87" (3) (5), 
86* (1). [From C by addn. to 5 vols. cone. aq. NH4OH; yield 95% (5), 91-94% (3).] 

Benzyl-N-phenylcar hamate [Beil. XII-328]: ndls. from pet. ether, m.p. 76-77® (cf. 

under benzyl ale. (1 :6480)). [From C + aniline -f aq. NaOH {6).] 

Benzyl iV-(o-tolyl)carbamate: m.p. 83.5" (6). [From C o-toluidine -f aq. NaOH 

<6).l 

^Benzyl Ar-(^to]yl)carbainate: m.p. 83" (6). [From C + p-toluidine -f aq. NaOH 

( 6 ).] 

3:9565 (1) Thiele, Dent, Ann. 362, 257-258 (1898). (2) Bergmann, Zervas, Ber. 65, 1194-1195 
(1932). (3) Garter, Frank, Johnston, Org. Syntheses 23, 13-16 (1943). (4) Oloott, J. Am. Chem. 
Soe. 392 (1937). (5) Martell, Herbst, J. Org. Chem. 6, 882 (1941). (6) Bergstrom, Martdl, 
J. Am. Chem. Soe. 67, 494r495 (1945). 


Bed. VI- 437 
VIi- 
VI2— 
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3:9567 PHENYLACETYL CHLORIDE CsHtOCI BeiLIX.436 

(o-Toluyl chloride) ^ CHg-— 0=^0 IXi-(175) 

ii 

B.P. B.P. (contd.) 

170® cor. at 250 mm. (1) 100-101® at 16 mm. (9) (10) Dj® « 1.1685 (3) 

108- 110® at 26 mm. (2) 96® at 14 mm. (11) 1.16817 (7) 

105.1® at 23 mm. (3) 95.4-96.8® at 12 mm. (7) 

104-105® at 23 mm. (4) 96.4r-95.6® at 12 mm. (12) = 1.5333 (3) 

106® at 22 mm. (5) 95® at 12 mm. (13) 

109- 110® at 20 mm. (6) [100® at 12 mm. (14)J 

103.6® at 17 mm. (7) 

103.3® at 17 mm. (5) 

103® at 17 mm. (8) 

Colorless liq. 

[For prepn. of C from phenylacetic acid (a-toluic acid) (1 :0666) with PCls (63% yield 
(13)) (15) (16) (33) in CHClg (yields: 80-90% (17), 80% (4)) (18) (19) (7); with PCL in 
CeHe (yield: 97% (6)) (20) (10); withPCla H- ZnCh (73% yield (13)); withSOCU (yields; 
86% (6), 79% (11), 54% (13)) (21) (9) (22) in CCI4 (79-80% yield (8)); with SiCU in 
CeHe (61% yield (23)); or with oxalyl (di)chloride (3:5060) (74% yield (14)) see indie, 
refs.; for formn. of C from sodium salt of phenylacetic acid (1:0665) with SO2CI2 (phenyl- 
acetic acid anhydride (see below) also being formed) see (26).] 

[C with AgA in ether (7) or with PbA2 in ether in s.t. at 1(X)® (24), or C treated with 
strong tertiary bases such as EtaN or pyridine (25), or C with anhyd. FeCls yields phen- 
ylacetic acid anhydride, pr. from ether, m.p. 72.5® (7), 72® (24); note that with tertiary 
bases (25) some a,a'-diphenylacetone (dibenzyl ketone) (1 :5135), m.p. 34®, together with 
6-benzyl-3,6-diphenyl-2-hydroxypyrone-4 (phenylketene trimer) [Beil. XVII-547, XVIIi- 
(278)], cryst. from CeHe, m.p. 173-174° (27), are also formed and that under favorable 
conds. (27) latter may amount to 50% yield.] — [Note also that phenylacetic acid an- 
hydride, m.p. 72.5°, and phenylacetic acid, m.p. 76.5°, have m.p.'s in close proximity.] 

[C with Br2 at 120-125° gives (84% yield (5)) a-bromo-a-phenylacetyl bromide, b.p. 
150® at 26 mm. (5).] 

[C on cat. reductn. with H2 + Pd/BaS04 in toluene as directed (28) gives (80% yield) 
phenylacetaldehyde (1:0200); however, cat. reductn. in vapor phase using Pd cat. (29) 
yields only ethylbenzene (1:7410) and /3-phenylethyl alcohol (1:6505), while with H2 -f 
PtO at 200° C, although giving traces of phenylacetaldehyde and /8-phenylethyl alcohol, 
yields as the principal prod. (30) benzyl-/3-phenylethyl-carbinol, m.p. 41-42® (30), 41® 
(31).] — [C with KCN + quinoline yields l-phenylacetyl-2-cyano-l,2-dihydroquinoline 
which on acid hydrolysis gives (32) phenylacetaldehyde (1 :0200).] 

[0 with CcHe -1- AICI3 gives (82-83% yield (20)) (33) (36) benzyl phenyl ketone (desoxy- 
benzoin) (1 : 5165), m.p. 60°; similarly C with other hydrocarbons + AICI3 gives substituted 
desoxy benzoins: e.g., C with toluene gives (81% yield (18)) (34) (35) 4-methyldesoxy- 
benzoin [Beil. VII-447, VIIr(239)], m.p. 109® (18); C with o-xylene gives (37) 3,4-dimethyl- 
desoxybenzoin [Beil. VII-464, VIIi-(244)], m.p. 95® (37); C with m-xylene gives (37) cf. 
(38) 2,4-dimethyldesoxybenzoin [Beil. VII-^], oil, b.p. 202-205® at 13 mm. (38); 
C with p-xylene gives (37) cf. (38) 2,5-dimethyldesoxybenzoin [Beil. VII-454], oil, b.p. 
220-230® at 26 mm. (37); C -f naphthalene (in CS2) gives (77% yield (39)) a mixt. of 
benzyl a-naphthyl ketone, m.p. 66-67® (39), and benzyl /9-naphthyl ketone, m.p. 99.0- 
99.6® (39); C + biphenyl (in CS2 (40)) gives (40) (41) (42) 4-phenyldesoxybenzoin, m.p. 



3:9567 


PHENYLACETYL CHLORIDE 


1318 


160® (42) (40), 149® (41); C with acenaphthene gives (65-68% yield (43)) 6 -(phenylacetyI)- 
acenaphthene (4-acenaphthyl benzyl ketone), m.p. 114® (43); C with bromobenzene (in 
CS 2 ) gives (44) 4-bromodesoxybenzoin, m.p. 114-115®, b.p. 166® at 3 mm. (44).] — [For 
oxidn. of many of these with SeOa to corresp. benzils see (38).J 

[C with phenols + AICI 3 (often in nitrobenzene) similarly yields hydroxy-substituted 
desoxy benzoins: e.g,, C with phenol as directed gives (60-70% yield (46)) 4-hydroxy- 
desoxybenzoin [Beil. VIII-165], m.p. 142® cor. (46); C with o-cresol gives (60-70% yield 
(46)) 4-hydroxy-3-methyldesoxybenzoin [Beil. VIII-183], m.p. 162® (46); C with salicylic 
acid (1:0780) gives (47) 4-hydroxy-3-carboxy-desoxybenzoin; for similar reactn. with 
cat^hol resorcinol, and hydroquinone (48) or with phloroglucinol (49) see indie, refs.] 

[C with phenol ethers -f AICI3 (often in nitrobenzene) similarly yields substituted 
desoxybenzoins: e.g.^ C with anisole (1:7446) + SnCU (61) or AICI3 (34) (60) gives 4- 
methoxydesoxybenzoin [Beil. VIII-166, VIIIi-(571)], m.p. 77®; C with methyl m-tolyl 
ether (1:7610) SnCL (not AICI3) gives (60-70% yield (61)) (60) 4-methoxy-2-methyl- 
desoxybenzoin, m.p. 76.5® (51); C with methyl p-tolyl ether (1:7495) -j- AICI3 in CS2 
givw (11) 2-methoxy-6-methyldesoxybenzoin, m.p. 76®, b.p. 205-207® at 14 nun. (11).] 

C with phenols on htg. gives corresp. esters: e.gr., C with phenol at 150® for 8 hrs."( 6 ) (or 
C with phenol -f- aq. alk. (52) ) yields phenyl phenylacetate [Beil. IX-435J, ndls. from It. 
pet., m.p. 60® ( 6 ), 42® (52); C with / 9 -naphthol at 150° for 6 hrs. yields ( 6 ) /5-naphthyl 
phenylacetate, pi. from It. pet., m.p. 87® ( 6 ); C with o-cresol at 90° yields (9) o-tolyl phenyl- 
acetate, m.p. 44-45° (9); C with m-cresol at 90® yields (9) m-tolyl phenylacetate, m.p. 
51-52° (9); C with p-cresol at 90° yields (9) p-tolyl phenylacetate, m.p. 74r-75® (9). 

[C with MeZnI (53) in toluene -f- RtOAc or with Me 2 Zn (54) gives (72% yield (63)) 
benzyl methyl ketone (phenylacetone) (1:6118); C with EtZnI (63) or with Et 2 Zn (54) 
gives (78% yield (53)) benzyl ethyl ketone [Beil. VII-314, VIIi-(167)].] 

[C -f o-hydroxyacetophenone (1 : 1746) -f- NaA at 180® for 6 hrs. followed by hydrol. 
with aSc. KOH gives ( 6 ) 4-methyl-3-phenylcoumarin, m.p. 153® ( 6 ); C with 2-hydroxy-6- 
methylbenzophenone -j- NaA at 180° gives (80-90% yield (55)) 3,4-diphenyl-6-methyl- 
coumarin, ciyst. from AcOH, m.p. 208-209® (55).] 

[C with diazomethane in ether gives acc. to cond. (56) (57) (58) (62) either (yield: 84% 
( 66 ), 83% (62)) a-chloro-y-phenylacetone [Beil. VIIi-(162)], m.p. 72-73® ( 66 ), b.p. 133-136® 
at 19 mm. (62), nf? = 1.5379 (62), or a-diazo-o'-phenylacetone (identified by reactn. with 
p-nitrobenzoic acid yielding (58) a-(p-nitrobenzoyloxy)-ciE-phenylacetone, pi. from ale., 
m.p. 120 ° ( 68 )); note, however, that work of ( 66 ) could not be duplicated by later investi- 
gator (58) (62).] 

[C with biuret yields (69) iVi-(phenylacetyl)biuret, cryst. from ale., m.p. 199-200® u.c. 
dec. (59).] 

[C with ethyl carbamate (urethane) at 60-70® gives (70% yield (60)) ethyl AT- (phenyl- 
acetyl )carbamate, m.p. 113® (60).] 

[C with MeOH yields methyl phenylacetate (1:3771), b.p. 220°; C with EtOH yields 
ethyl phenylacetate (1:3872), b.p. 227.6®.] [For use in prepn. of cellulose esters see (61).J 
C on hydrolysis yields phenylacetic acid (1:0666), m.p. 76.5°; for the amide, anilide, 
p-toluidide, and other derivs. corresp. to C see phenylacetic acid (1:0665) 

8:m7 (1) Perkin, /. Chem. Soc. 69, 1205 (1896). (2) Bardan, Bull. soc. chim. (4) 49, 1428-1429 
(1931). (3) Martin, Partington, J. Chem. Soc. 1936, 1177. (4) Schott, Ber. 29, 1986-1989 
(1896). (5) Fourneau, Nicolitch, Bull. aoc. chim (4) 43, 1239 (1928). (6) Chadha, Mahal, 

Venkatarman, J. Chem. Soc. 1933, 1461-1462. (7) Anschtitz, Berns, Ber. 29, 1389-1392 (1887). 

(8) Bergs. Ber. 67, 240-241 (1934). (9) Raiford, Hildebrand, Am. J. Pharm. 101, 481-484 
(1929) ; Cent. 1930, 1 209. (10) Rupe, Ann. 369, 330 (1909). 

(11) von Auwers, Ber. 53, 2277, 2282-2283 (1920). (12) Kohlrausch, Pongratz, Monatsh. 64, 
382 (1934). (13) Clark, BeU, Trana. Roy. Soc. Can. (3) 27, III 97-103 (1933). (14) Adams, 
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Ulioh, Am. Chem. Soc. 604 (1920). (15) MOller, Strecker, Ann. 118, 68 (1860). (16) 
Vanino, Thiele, Ber. 89, 1727, Note (1896). (17) Ivanov, Nicolov, BvU. aoc. chim. (4) 51, 1333 

(1932). (18) Weiss, Monatsh. 40, 394r-395 (1919). (19) Metsner, Ann. 898, 376-376 (1897). 
(20) Allen, Barker, Org. Syntheses 18, 16-18 (1932) ; CoU. Vol. 8 (1st ed.), 156-158 (1943). 

(21) Aeschliman, J. Chem. Soc. 1986, 2909. (22) Meyer, Monatsh. 88, 427-428 (1901). (23) 

Montonna, J. Am. Chem. Soc. 49, 2114-2116 (1927). (24) Rupe, Fiedler, J. praJet. Chem. (2) 84, 

814 (1911). (25) Wedekind, Ber. 34, 2074-2077 (1901). (26) Durrans, J. Chem. Soc. 181, 49 

(1922). (27) Wedekind, Ann. 378, 262-268, 275-283 (1910). (28) Rosenmund, Zetsche, Ber. 

64, 437 (1921). (29) FrOschl, Danoff, J. prakt. Chem. (2) 144, 223-224 (1936). (30) Grignard, 

Mingasson, Compt. rend. 185, 1176 (1927). 

(31) von Braun, Kochenddrfer, Ber. 56, 2176 (1923). (32) Sugasawa, Tsuda, J. Pharm. Soc. 

Japan 56, 103-105 (1936); Cent. 1936. II 3670. (33) Graebe, Btingener, Ber. 18, 1079-1080 
(1879). (34) Tiffeneau, Levy. Bits, Bull. soc. chtm. (5) 8, 1873-1874, 1875 (1935). (35) Mann. 

Ber. 14, 1646 (1881). (36) Kayser, Ann. chtm. (11) 6, 187-188 (1936). (37) Wege, Ber. 84, 

3640-3542 (1891). (38) Hatt. Pilgrim. Hurran, J. Chem. Soc. 1936, 94-95. (39) Ruggli, 

Reinert, Helv. Chim. Acta 9, 71-74 (1926). (40) Ferris, Turner, J. Chem. Soc. 117, 1148-1149 
(1920). 

(41) Delaville, Compt. rend. 184, 463 (1927). (42) Papcke, Ber. 81, 1339 (1888). (43) Ruggli, 

Jenney, Heh. Chim. Acta 10, 231-232 (1927). (44) Speer, Hill, J. Org. Chem. 8, 142 (1937). 

(45) Weisl, Monatsh. 86, 986-987 (1905). (46) Blau, Monatsh 86, 1151-1153 (1906). (47) 

Glassner, Monatsh. 88, 282-286 (1907). (48) Finzi, Monatsh. 86, 1119-1138 (1905). (49) K. 

Rosenmund, M. Rosenmimd, Ber. 61, 2610 (1928). (50) Ney, Ber. 81, 2450-2451 (1888). 

(51) Hill, Short, J. Chem. Soc. 1935, 1125. (52) Stoermer, Biesenbach, Ber. 38, 1962 (1905). 

(53) Morgan, Drew, Porter, Ber. 58, 339-341 (1925). (54) Popov, J. Russ. Phys.-Chem. Soc. 

4, 214 (1872); Ber. 5, 500-502 (1872). (55) Ziegler. Fries, Salzer, Ann. 448, 261 (1926). (66) 

Clibbens, Nierenstein, J. Chem. Soc. 107, 1492 (1915). (57) Lewis, Nierenstein, Rich, J. Am. 

Chem. Soc. 47, 1729 (1926). (58) Bradley. Schwarzenbach, /. Chem. Soc. 1988, 2906. (69) 

Ostrogovich, Tanislau, Gazz. chim. itaX 64, 825-828 (1934) ; CenJt. 1935, 1 2820. (60) Basterfield, 

Woods. Wright, J. Am. Chem. Soc. 48, 2371-2372 (1926). 

(61) I.G., Brit. 305,947, April 10, 1929; Cent. 1989. II 112. (62) McPhee, Klingsberg. /. Am. 

Chem. Soc. 66, 1134-1135 (1944). 


3:9570 d,/-CHLOROMETHYL-PHENYL-CARBINOL CsHgOCl 


(/3-Hydroxy-/3-pheny lethy 1 chloride ; 
a- (chloro methyl )benzyl alcohol; 
styrene chlorohydrin) 


H 


N -i— CH, 

^ ^ I L 

OH Cl 


BeiLVI — 
VIi-(»36) 
VIi-(446) 


B.P. 138'’ at 17 mm. (1) 
118-136° at 14 mm. (2) 
113-114° at 10 mm. <3) 
11(9-111° at 6 nun. (4) 
110-113° at 6 mm. (5) 


= 1.5538 (2) 
1.5530 (2) 

® = 1.1646 (4) ® = 1.5400 (4) 

Dt = 1.335 (1» nil = 1.55405 (1) 


[For prepn. of C from phenylethylene (styrene) (1 : 7435) by addition of HOCl generated 
from Ca(OCl )2 + CO 2 (76% yield (2)), from NaOCl -i- CO 2 (6), from W-chlorourea -f 
AcOH (yield: 70% (1), 52% (4)), or from ter-butyl hypochlorite (3:7165) in dil. AcOH 
(60-70% yield (4)) see indie, refs, (note that omission of AcOH in ter-BuOCl method leads 
to formn. by direct addn. (4) of chloromethyl-phenyl-carbinyl ter-butyl ether, b.p. 87-^88® 
at 1.5 mm., = 1.0549, nH = 1.5102 (4)).] 

[For prepn. of C from chloroacetaldehyde (3:7212) with CeHsMgBr in ether (71% yield 
(3)) or from a,jff-dichloro-a^phenylethane (styrene dichloride) (3 : 6685) with a mild dehydro- 
chlorinating agent such as Na 2 C 03 , NaOAc, CaO, or CaCOs (but not an alkali hydroxide) 
as directed (5) see indie, refs.] 

[C with ale. KOH (1) or with an alk. or alk.-earth metal oxide or hydroxide as directed 
(7) (8) loses HCl with ring closure to phenylepoxyethane (styrene oxide) [Beil. XVII-49 
cf. (2), b.p. 191-192°, but no phenylacetaldehyde (1:0200) is formed (1) (for use of this 
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conversion to remove C from mixtures with styrene dichloride (3:6686) see (7) (8)). — 
However, C with NaOEt gives (yield not reported (1)) cf. (3) ethyl /5-hydroxy-/J-phenyI- 
ethyl ether [Beil. VI.907], b.p. 242-243°.] 

[C on dehydration by passing over HPOa on silica gel at 370-400° and 95-115 mm. press, 
gives (63% yield (9)) /9-chlorostyrene (3:8717).] 

[C on passing over activated AlaOa at 360-390° and 115-125 mm. press, gives (67% 
yield (9)) acetophenone (1 :5515), but C on passing over CaGOa on silica gel at 326-360° 
and 106-126 mm. press, gives (61% yield <9)) phenylacetaldehyde (1:0200).] 

C with pyridine at 120° for 6 hrs. gives in quant, yield (10) the corresp. quaternary 
pyridinium salt; m.p. 210-212° dec., sol. in aq., MeOH, EtOH, but spar. sol. in other org. 
solvents. 

C on oxidn. with K2Cr207/H2S04/Ac0H at low temp. (1) cf. (4) gives (84% yield (4)) 
w-chloroacetophenone (phenacyl chloride) (3:1212). 

Chloromethyl-phenyl-carbinyl acetate: b.p. 101-104° at 3 mm., nj? * 1.6182 (4). 

[From C with AcaO + pyridine (66% yield (4)).] 

Chloromethyl-phenyl-carbinyl benzoate: unreported. 

® Chloromethyl-phenyl-carbinyl >-nitrobenzoate : m.p. 81° (4). [From 0 with p- 
nitrobenzoyl chloride in pyridine (4).] 

Chloromethyl-phenyl-carbinyl 3,5-dinitrobenzoate: unreported. 

3:9570 (1) Dotoeuf, Bull, soc. chim. (4) 31, 176-177 (1922). (2) Emerson, J. Am, Chem. Soc. 

67, 616-518 (1945), (3) Spath, Monatsh. 36, 6-7 (1915). (4) Hanby, Rydon, J. Chem. Soc, 

1946, 114r-115. (5) I.G.. French 735,108, Nov. 3, 1932; Cont, 1933, II 1093; C,A. 37, 1011 

(1933). (6) Essex. Ward (to du Pont Co.), U.S 1,594,608, Au«. 3, 1926; Cent, 1936, II 1693; 

C,A. 30, 3170 (1926). (7) I.G., Brit. 381,459, Oct. 27, 1932; Cent, 1933, I 506; C.A. 37, 3950 

(1933). (8) Knorr (to I.G.) Ger. 559,521, Sept. 21, 1932; Cent. 1933, 1 1843; C.A. 37, 736 (1933) ; 

French 735,000, Oct. 31, 1932; Cent. 1933, 1 1843; C.A. 37, 1011 (1933). (9) Emerson, Agnew, 

J. Am. Chem. Soc. 67, 518-520 (1945). (10) Gautier, Compt. rend. 198, 1430-1431 (1934). 

3:9576 SUBERYL (DI)CHLORIDE CgHiaGaCla Beil. II - 694 

0=c— (CH2)6— C=0 IIi-(287 ) 

ii 

B.P. 162-163° at 16 mm., si. dec. (1) = 1.1718 (3) nf?® = 1.46847 (3) 


159-160° at 12 mm. (2) 

149-150° at 12 mm. (3) 

147° at 12 mm. (4) 

143-147° at 12 mm. (6) 


[For prepn. of C from suberic acid (1 :0766) with PCls (1), with PCI3 (4), or with SOCI2 
(yield; 100% (2)) (3) (6) (6) (8) (10) see indie, refs.] 

[0 with excess MeOH yields (6) dimethyl suberate (1 :4186), b.p. 268°. C with 1 mole 
MeOH should yield 7-carbomethoxyheptanoyl chloride-1, b.p. 163-166° at 34 mm. (7), 
usually prepd. from methyl hydrogen suberate with SOCI2 (7),] 

C with excess phenol htd. at 100° yields (8) diphenyl suberate, m.p. 70-71° (8). 

C htd. with dry disodium suberate yields (1) suberic anhydride, m.p. 66-66° (1), pre- 
sumably the linear polymeric suberic a-anhydride (cf. 1:0765). 

0 with MCh 4 * CeHe yields (1) (4) l,8^iphenyloctanedione-l,8, m.p. 86° (4), 83-86° 
(1) (dioxime, m.p. 192-193° (1)). 

[C on cat. hydrogenation over Pd/diatomaceous earth as directed (9) yields suberic 
dialdehyde (octanedial-1,8), (&i»-oxime, m.p. 162° (9), 6»9-phenylhydrazone, m.p. 84-86° 
u.c. (9), bia-semicarbazone, m.p. 183-186° (9)) cf. (2).] 
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G treated with Br 2 , then poured into abs. formic acid and boiled until evolution of CO 
ceases, yields (10) a^a'-dibromosuberic acid, m.p. 172-173® (10). (From the mother liq. 
a small amt. of another form, m.p. 120-121® (10), can be obtd.] 

C on hydrolysis yields suberic acid (1:0755), m.p. 141® (for the diamide, dianilide, 
di-p-toluidide, and other derive, corresp. to C see 1:0755). 

3:9576 (1) Etaix, Ann. chim. (7) 9, 380-391 (1896). (2) FrdBchl, Maier, Monatah. 59, 273-274 
(1932). (3) von Auwers, Schmidt, Ber. 46, 479 (1913). (4) Borsche, Wolleman, Ber. 45, 3717 

(1912). (5) Blaise, Koehler, BiUl. aoc. chim. (4) 5, 690 (1909). (6) Meyer, Monatah. 22, 421 

(1901). (7) Morgan, Walton, J. Chem. Soc. 1935, 292. (8) Marangoni, Atti iat. Veneto aci. Pt. 
2. Set. math. nat. 97. 200-218 (1937-1938) ; Cent. 1939, 1 96; C.A. 34, 6934-6935 (1940). (9) Ro- 

senmund. Zetsche, Ber. 54, 2889-2890 (1921). (10) Goss, Ingold, J. Chem. Soc. 1926, 1473. 


3:9578 DIETHYL d,/^,a'-DICHLOROSUCCINATE C 8 H 12 O 4 CI 2 BciL U - 620 


(Diethyl aZi!o-dichlorosuccinate; 

COOC 2 H 6 

n,- 

diethyl isodichlorosuccinate) 

H— i— Cl 

n,-(558) 


H— i— Cl 



ioOCjH, 


B.P. 132® cor. at 15 mm. (1) 

Z)*® - 1.1636 (1) 

ng® = 1.4296 (1) 

129.5® at 12.6 mm. (1) 

Dr = 1.1963 <1) 

nf? = 1.4513 (1) 
nU® = 1.4521 (1) 


Stable oil (1), contrary to earlier (2) report. 

[For prepn. of C from d,i-a,a'-dichlorosuccinic acid (3:4711) in EtOH with HCl gas see 
(1) cf. (2).] 

C with 30% H 2 SO 4 on boilg. not only hydrolyzes but also loses HCl yielding (3) chloro- 
fumaric acid (3:4853). 

3:9578 (1) Kuhn, Wagner-Jauregg, Ber. 61, 485-486, 504 (1928). (2) van der Riet, Ann. 289, 
221 (1894). (3) Patterson, Todd, J. Chem. Soc. 1929, 1769-1770. 


3:9580 ISOAMYL d,f-a-CHLOROPROPIONATE H C 8 H 15 O 2 CI BeiL S.N. 162 

I 

iso-C 5 HiiO.CO.C.CH 3 

B.P. Df = 1.0050 (1) n|? = 1.4289 (1) 

3:9589 (1) Schjanberg, Z. phyaik. Chem. A-172, 231 (1935). 


3 : 9588 /9-[ (/5-HYDROXYETHOXY) ETHOXY]- CsHiACl 

ETHYL CmOROACETATE CH2.O.CH2CH2OH 
[Triethylene glycol I 

mono (chloroacetate )] ^ 

C 

iH,.O.CO.CHrf3l 

B.P. 180-195° at 0.6 nun. {!> 



Ben. S.N. 160 


Viscous oil, insol. in aq. but slowly dissolving when shaken with aq. because of hydrolysis 
to triethylene glycol (1:6538) -f chloroacetic ac. (3:1370) (1). 

3:9588 (l) Meerwein, SOnke, /. prakt. Chem. (2) 137, 317 (1933). 



3:9590<>3:9594 


DIVISION C 


1322 


3:9590 8-CHLORO-OCTANOL-l CH2.(CH2)6.CH20H CsHitOCI Beil. S.N. 24 
( «-Chloro-n-octyl alcohol) I 


B.P. 139^ at 18.5 mm. (1) 

125-140^ at 18 mm. (2) 

* 

[For prepn. of C from af,oH)ctamethylene glycol (m.p. 63®, b.p. IGT-IBS® at 18 mm. (2)) 
with cone. HCl as directed (yields: 81% (2), 75% (1), 65% (3)) see indie. refs.J 

C with thiophenol in aq. NaOH htd. 3 hrs. gives (2) 8-hydroxy-7i-octyl phenyl sulfide, 
pi. from It. pet., m.p. 55° [this prod, with SOCI2 gives (2) 8-chloro-n-octyl phenyl sulfide, 
cryst. from aq. ale. at low temp., m.p. 16°]. 

[C (1 mole) with Et2NH (3-4 moles) in s.t. at 120-160° for 12-15 hrs. gives (88% yield 
(1)) 8-(diethylamino)octanol-l, b.p. 151° at 12 mm., = 0.8610, /i}? = 1.4570 (1) cf. 
(5) (corresp. p-nitrobenzoate, m.p. 74° (1)); this prod, with SOCb in CeHe yields (1) (5) 
8-(diethylamino)-n-octyl chloride, b.p. 130.5° at 11 mm., nH = 1.4535 (1) cf. (5) (corresp. 
B.HCl, m.p. 73° (5)).] 

C with morpholine gives (4) aim. quant. 8-(4-morpholinyl)octanol-l, b.p. 164.0-164.2° 
at 5 mm., Df - 0.9675, n|) = 1.4735 (corresp. i\r-(a-nai)hthyl)carbamate, m.p. 73.0- 
74.0° cor.) — C (1 mole) with V-phenylpiperazine (2 moles) at 100° for 5 hrs gives (3) 
in aim. 100% yield (as salt) iV-(8-hydroxy-/i-octyl)-iV''-phenylpiperazme, m.p. 57.0-58.5° 
cor. (corresp. N-phenylcarbamate, m.p. 99.5-100.5° cor.); note that this free base readily 
absorbs aq. from air to form a monohydrate, m.p. 80-82° (3). 


® 8-Chloro-n-octyl N-phenylcarbamate; ndls from aq. ale , m.p. 77° (2). 

® 8-Cliloro-n-octyl iV-(m-nitrophenyl)carbamate: mp. 62° (1) 

8:9590 (1) Altman, Rec. trav. chim 67, 951-9.52 (1938). (2) Bennett, Mosses, J. Chem. Soc. 
1931 , 1698-1701. (3) Anderson, Pollard, J. Am. Chem Soc. 61, 3439-3440 (1939). (4) Anderson, 

Pollard, J. Am. Chem. Soc. 61, 3440-3441 (1939). (5) Pyman, Levene (to Boot’s Pure Drug 

Co.), Brit. 402,159, Dec. 21, 1933; Cent. 1934, 1 2005, C.A. 28, 3081 (1934). 


3:9594 /5-CHLORO-n-BUTYRALDEHYDE CgHiACl Beil. I - 663 

DIETHYLACETAL CH3.CH CH2.CH(OC2H5)2 Ii— 

(/ 9 -Chlorobutyracetal) I l2-(724) 

B.P. 70-71° at 12 mm. (1) = 0.9677 { 2 } = 1.42103 (2) 

Oil insol. aq.; misc. with ale., CsHe, AcOH, or CHCI 3 or pet. ether. 

[For prepn. of C from crotonaldehyde (1:0150) with abs. EtOH -|- dry HCl (yield: 
66% (1), 60% (3)) (2) see indie, refs.) 

C on distn. with dry KOH gives (70-80% yield) crotonaldehyde diethylacetal [Beil. 
1-730, Ir(380), IH789)], b.p. 146-148°. 

[For reactn. of C with ale. NH3 in s.t. at 120-130° giving (20% yield (4)) /3-amino-n- 
butyraldehyde diethylacetal see <4); for analogous behavior of C with other amines see 
<4) (3).] 

3:9594 (l) Wohl, Frank, Ber. 35, 1905-1906 (1902). (2) Wichterle, Vavrecka, Collection Ctech- 
oaUn. Chem. Commun. 10, 494 (1938). (3) Mason, J. Chem. Soc. 127, 1033 (1925). {4) Mannich, 
Horkheimer. Arch. Pharm. 264, 171-172 (1926). 
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3 : 9600-3 : 9999 (CjrCig inclusiye) 
(Arranged in sequence of empirical formulas) 


3:9604 l-CHLORO-l-PHENYLPROPENE-l C9H9CI 


(a-Chloro-/3-methy Isty rene ) 


])^=CH-CH3 


BeiLV — 
Vi-{!832) 
Vs-(37a) 


B.P. 90.5" at 9 nun. (1) = 1.086 <1) 

D]** = 1.0890 (1) n}?* => 1.56352 (1) 


(For prepn. of C from ethyl phenyl ketone (propiophenone) (1:5525) by treatment with 
PC1_6 followed by ale. KOH see (1).] 

(C with NaNH2 in toluene ^t 110° gives traces (2) of methyl-phenyl-acetylene [Beil. 
V-614, Vr(408)].] 

3:9604 <l) von Auwers, Ber. 45, 2799-2801 (1912). (2) Bourgeul, Ann. chim. (10) 3, 351 (1925). 


3:9606 2-CHLORO-l-PHENYLPROPENE-l C9H9CI Beil. S.N. 473 

(/S-Chloro-/3-methy Istyrene ) 


B.P. 116-133° at 28 mm. (1) 

130-134° at 26 mm. (2) 

61.&-63.6° at 2 mm. (3) 

[For prepn. of C from benzyl methyl ketone (phenylacetone) (1:5118) with PCI5 in 
CfiHfi (26.3% yield accompanied by 45.9% of the mesomeric 2-chloro-3-phenylpropene-l 
(3:9608)) see (2); from 2,3-dichloro-l-phenylpropene-l (3) by partial reduction with Zn 
dust in EtOH under Na (70% yield accompanied by 16-20% l-phenylpropadiene-1,2 
(phenylallene)) see (3); for formn. as by-prod, during addn. of HOCl to a-methylcinnamic 
acid see (1).] ^ 

Note that C on stdg. isomerizes in part (2) to the mesomeric 2-chloro-3-phenylpropen6-l 
(3:9608). 

C (freshly distilled) with O3 in CHCI3 gives (2) benzoic acid (1 : 0715); C on oxidn. with 
KMn04 yields (3) benzoic acid (1 : 0715) + AcOH (1 : 1010) (note difference from the 
mesomer). 

3:9606 (l) Hose, Farmer, J. Chem. Soc 1933, 965. (2) Zaki, Iskander, J. Chem. 8oe. 1943, 
68-69. (3) Ginaburg, J. Gen. Chem. {U.S.S.R.) 8, 1029-1041 (1938); Cent. 1939, I 2183; C.A. 
33, 3776 (1939). 


/ V*CH=C~-CH3 

^ A. 


DX 


ilS 


1.0738 (3) ni,* = 1.6565 <3) 
= 1.0912 (3) 
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CINNAMYL CHLORIDE 

(3-Chloro-l-phenylpropene-l ) 


B.P. 140° at 37 mm. M.P. 

<See 3:0010. DtvisMm A: Solids. 


C0H9CI 

/~^CH=CH— CH» 
8 - 9 ° » 1.08815 


BeiL V -(482) 
Vi-(232) 
V*-(372) 


> 1.58065 


3:9608 S-CHLORO-S-PHERYLPROPENE-l CgHga BeU. S.N. 473 

^ >— CHii— C=CH2 


ii 


B.P. 105-107° at 26 mm. (1) 


[For prepn. of C from benzyl methyl ketone (phenylacetone) (1:6118) with PCI* in 
(yield 45.9% accompanied by 26.3% of the mesomeric 2-chloro-l-phenylpropene-l 
(3:9606)) see {!).] 

C on stdg. isomerizes in part to the mesomeric 2-chloro-l-phenylpropene-l (3:9606)(1). 
C (freshly distilled) with O3 in CHCI3 contg. some EtOH yields (1) ethyl phenylacetate 
(1:3872) (note difference from the mesomer). 

3:9608 (1) Zaki, Iskander, J. Chem. Soc. 1943 , 68-69. 


3:9610 a-CHLORO-ISOPROPYLBENZ£NE 
(Dimethyl-phenyl-carbinyl 
chloride; 2-chloro-2-phenylpropane) 


CoHiiCl 

Cl 


CH 3 


Beil.V - 395 

Vi- 

V 2 - (307) 


No physical constants for C appear to have been reported, presumably because of its 
ease of decomposition. 

[For prepn. of C from dimethyl-phenyl-carbinol [Beil. VI-506J by saturation with dry 
HCl gas at 0° see <1) <2).] 

C on htg. evolves HCl <1). — C in Celle -b SnCU stood for several hours below 10° gives 
(88% yield) the “saturated dhner of a-methylstyrene/' i.e., l,l,3-trimethyl-3-phenyl- 
hydrindene, cryst. from ale., m.p. 62° (3). 

C on slow addn. to boilg. ale. KOH (4) or on wanning with pyridine <1) (4) loses HCl 
smoothly giving (70% yield (6» a-methylstyrene (/5-phenylpropylene) [Beil. V-484, 
Vi-(233)1, b.p. 161-162° (6). 

C dislvd. in MeOH and merely stood overnight gives (6) the corresponding ether, viz., 
2-methoxy-2-phenylpropane, b.p. 78° at 13 mm., Dj® = 0.945, ni? = 1.4981 (6). 


3:9919 (1) Klages, Ber. 35 , 2638 (1902). (2) Hoffman, J. Am, Chem. Soc. 51 , 2546 (1929). <3) 
Sohoepffle, Ryan, J. Am. Chem. Soc. 52, 4028 (1930). (4) Tiffeneau, Ann. chim. (8) 19 , 156-157 

(1907). (5) Harries. Ann. 399 , 265 (1912). (6) Ziegler, Schnell. Ann. 487 , 254-265 (1924). 


3:9614 2-CHLORO-6-METHYL-6-METHYLENEHEPTENE-2 CoHuCl Beil.S.N .10 

Cl CH2 

CHr-<i>=CH.CHr-l^-CH— CH, 

<!;h, 

- 0.9310 (1) = 1.4730 (1) 


B.P. 05-06° at U mm. (1) 
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3;9614>3:9698 


[For prepn. of C from 2-methyl-3-methyleneheptanone-6 (thujaketone) [Beil. L745, 
Ii-(386)] with PCls in the cold, then htd. at 100 ° for 2 )^ hrs. (40% yield), see ( 1 ).] 

C on oxidn. with KMn 04 yields (1) 2>methylbutanone-3 (isopropyl methyl ketone) 
(1:6410) q.v. 

3:9614 <1) Werner. Bogert. /. Orflf. CAem. 3. 685 (1939). 

3:9618 1-CHLORONONYNE-l Cl CaHisCl BeU. S.N. 13 

CHj.CHj.CH2.CHi.CH2.CH*.CH2.Cfe(!; 

B.P. 75-77° at 16 nun. (1) Di" = 0.906 (1) nf? = 1.450 (1) 

[For prepn. of Cfromnonyne-1 (1 : 8125) by conversion with NaNH 2 to CyHis — C^C — Na 
and subsequent reactn. with benzenesulfonyl chloride in dry ether (55% yield (1)) see <1).] 
[Refractive indices of C by Pulfrich instrument: nj? = 1.4492, n}> = 1.4519, np =* 
1.4582, nj? « 1.4634 (1).] 

3:9618 (1) Truchet, Ann. chim. (10) 16, 335. 337 (1931). 


3:9633 d,/-2-CHL0R0.2.METHYL0CTYNE^ Cl CgHuCl BeiL S.N. 13 
CH,.CH 2 .CH 2 .CH 2 — C^C— <!>-CHs 

in* 

B.P. 68 ° at 16 nun. (1) />f = 0.8989 ( 1 ) nf? = 1.4480 (1> 

[For prepn. of C from 2-methyloctyn-3-ol-2 ( 1 ) by saturation with HCl gas (85% yield) 
see ( 1 ).] 

[C with MeMgBr gives 74% yield 2,2-dimethyloctyne-3, b.p. 79° at 70 mm., Dj® == 0.7491, 
nf? = 1.4270 ( 1 ); C with EtMgBr gives 60% yield 3,3-dimethylnonyne-4, b.p. 82° at 40 
mm., Df = 0.7650, njf? = 1.4312 (1).] 

3:9622 (1) Campbell. Eby. J. Am. Chem. Soc. 62, 1799-1800 (1940). 


3:9634 6-CHLORO-4-METHyLOCTENE-3 Cl CHs C 9 H 17 CI 

CH2.CH2.CH2— c^h.ch 2 .ch 3 

B.P. 59-62° at 11 nun. (1) 


11 - (05) 

12 


[For prepn. of C from 4>methylocten*3-ol-5 [Beil. Ii-(230), Ir(492)] with cone. HCl 
see ( 1 ).] 


3:9624 (1) Bjelouss. Ber. 46, 626 (1912). 


3:9638 <f,f-4-CHLORO-7-METHyLOCTENE-2 
(Isoamyl-propenyl-carbinyl 
chloride; 5>chloro>2> 


methyloctene- 6 ) 


B.P. 134r-136° at 108 mm. <1) 


Cl 


C 9 H 17 CI 


CHa.CH=CH— CH.CH 2 .CH 2 


BeiL I 

CHs Ii 

<!^-CH, 

A 


[For prepn. of C from 2 -methylooten-&ol -6 (isoamyl-propenyl-carbinol) [BeiL 1.449, 
Ii-(230), l2-(492)] with PCU see ( 1 ).] 

a:eass (l) Reif, Ber. 41, 3740, 2743, Note 1 (1908). 
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3:9630 4.CHLORO-3,6-DIMETHYLHEPTENE-2 Cl CdHitCI 

CH,.CH=C— iH-CHi!— CH.CH, 

inj in. 


BeO.! — 

Ii - (95) 


B.P. 59-63° at 6 nun. (1) 


[For prepn. of C from 2,6-dimethylhepten-6-ol-4 [Beil. Ii-(231)] with 6 N HCl (78% 
yield) see (1).] 

3:9630 (1) Abelmann, Ber. 43 , 1582 (1910). 

3:0632 d,M,2-DICHLORONONANE Cl Cl C9H18CI2 Beil. S.N. 10 

CH8.CHs.CH8.CH2.CHs.CH2 .CH!!— (!:h— iHj 

No data on C have apparently been reported. 

[For prepn. of C from nonene-1 (1:8385) by actn. of HOCl (together with l-chloro- 
nonanol>2) see (1).] 

3:9632 <1) Kiss (to Shell Development Co.), U.S. 1,767,291, June 24, 1930; Cent. 1930 , II 1475. 


3:9638 d,l-3-CHLORO NONANE Cl C9H19CI 

CH3.CH2.CH2.CH2.CH2.CH2— i— CHs.CHs 


A 


Beil. S.H. 10 


C has not as yet been reported, although both the optical isomerides are known. The 
dextrorotatory form of C, from levorotatory nonanoJ-3 with IICl at 100® (1), or from 
levorotatory 3-iodononane with LiCl in MeOH (2), has b.p. 98° at 33 mm. (2), 87-89° at 
24 mm. (1), =* 0.8588 (1). The levorotatory form of C, from dextrorotatory nonanol-3, 

with HCl at 100° (1), has b.p. 101° at 40 mm., Dl^ = 0.8540 (1). 

3:9638 (1) Pickard, Kenyon, J. Chem. Soc. 99 , 71 (1911). (2) Levene, Rothen, Kuna, J. Biol. 

Chem. 126 , 786 (1937). 


3:9640 d,/-6-CHLORONONANE C9H19CI 

(Di-7i-butylcarbinyl chloride) Cl 

CH3.CH2.CH2.CH2— i— CH2 CH2.CH2.CH3 

ii 


BeU. I — 

Il- 
ls - (1»8) 


B.P. 85-87° at 14 mm. (1) I>i® = 0.8639 (1) ni>® = 1.4314 (1) 

[For prepn. of C from 6-bromononane by conversion to RMgBr and subsequent treat- 
ment with Cl.CN (68% yield) see (1).] 

3:9640 (1) Grignard, Ono, BuU. aoc. chim. (4) 39, 1592 (1926). 


3:9642 d,f-3-CHLORO-3-METHYLOCTANE C9H19CI Bed. S.N. 10 

(n-Amyl-ethyl-methyl-carbinyl chloride) Cl 

CH3.CH2.CH8.CH2.CH2— i— CHj.CH* 

ins 

B.P. 79.7-74.0° at 16 mm. (1) = 0.8680 (1) - 1.4330 (2) 

= 1.4351 (2) 
1.4347 (1> 
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3:004S-B:9648 


[For prepn. of C from 3-methyloctanol-3 (n^amyl-ethyl-methyl-carbinol) <1) with HCl 
gas (72% yield) see (1).] 

3:9642 (1) Whitmore, Williams, Am. Chem. 8oc. 55, 408-409 (1933). (2) Smart, Quayle, 

J. Am. Chem. Soc. 67, 21 (1946). 


3:9644 d,M-CHLORO-4-M£THyLOCTAN£ C9H19OI Bell S.N. 10 

(Ti^Butyl-methyl-n-propyl-carbinyl Cl 

chlonde) CHj.CHj.CHj.CHj—i!)— CHj.CHj.CH, 

in, 

B.P. 70.8-71.4° at 14.6 nun. <1) =- 0.8690 <1) ng == 1.4338 <2) 

D?® = 0.8723 <1) nf? = 1.4360 (2> 
1.4349 <1) 

[For prepn. of C from 4-methyloctanol-4 (7i-butyl-methyl-7i-propyl-carbinol) [Beil. 
Ii-(211)] (1) with diy HCl at —10° see {!).] 

3:9644 (1) Whitmore, Woodburn, J. Am. Chem. Sec. 55, 363-364 (1933). (2) Smart. Quayle, 

J. Am. Chem. Soc. 67, 21 (1945). 


3:9646 d,Z-3-CHLORO-3-ETHYLHEPTANE Cl C9H19CI 

(n-Butyl-diethyl- I 

vy JnL3. vyll.2‘ — 1../112. ^rl3 

(^Hs 


BeU. S.N. 10 


oarbinyl chloride) 


B.P. 46.0° at 3 nun. <1> 


2^® = 0.8822 (1) 

1^® = 0.8866 (1) - 1.4400 (1) 


[For prepn. of C from 3-ethylheptanol-3 (n-butyl-diethyl-carbinol) [Beil. Ii-(211), 
I2- (457)1 (1) with dry HCl gas at —10° see (1).] 

3:9646 <1) Whitmore, Woodburn, J. Am. Chem. Soc. 55, 363-364 (1933). 


3:9648 4-CHLORO-4-ETHYLHEPTANE 

(Ethyl-di-n-propyl-carbinyl 
chloride) 


Cl 


C9H19CI 


CH3.CH2.CH!!— dj— CH2.CHj.CH3 


BeiLI — 

Ii - (64) 

1 ,— 


B.P. 67-68° at 12 nun. (1) 
62-64° at 10 mm. <2) 


Df - 0.8821 (1) n|? * 1.4438 (2) 
Di® = 0.884 (2) n}>® = 1.43878 <1) 


[For prepn. of C from 4-ethylheptanol-4 (ethyl-di-n-propyl-carbinol) [Beil. 1-424, Ii-(212), 
I2- (467)1 by saturation with HCl gas see (1); for formn. of C from 3-n>propylhexene-2 

(2) with cone. HCl see (2).] 

[For data on density and parachor of C at 0°, 16°, 26°, and 65° see (3).] 

[C with AICI3 4- C«H« gives 67% )deld 4-ethyl-4-phenylheptane, b.p. 127-128° at 15 mm., 
Df « 0.8698, ni? = 1.49211 (1).] 

3:9648 (1) Halse, J. prakt. Chem. (2) 89 , 456-457 (1914). (2) Nasarov, Ber. 70 , 624 (1937). 

(3) Quayle, Owen, Beavers, J. Am. Chem. Soc. 61 , 3107-3111 (1939). 
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3:9650 3-CHLORO-2,S-DIM£THyLHEPTAN£ C9H19CI BeU. S.N. 10 

(n-Butyl-isopropyl-methyl- Cl CHa CHa 

carbinyl chl<)ride) CH..CHs.CH^<bH-iH-iH.CH, 

B.P. 54** at 8 mm. <1) 2^^ = 0.8809 <1) 

Df = 0.885 (1) ng = 1.4391 (1) 

(For prepn. of C from 2,3-dimethylheptanol-3 (n-butyl-isopropyl-methyl-carbinol) (1) 
with dry HCl at 0® (86% yield) see (1).] 

8:9650 (1) Whitmore, Evers, J. Am. Chem. Soc. 55 , 813 (1933). 


3 : 9652 d,l-6-CHLORO-2,6-DIMETHYLHEPTANE C9H19CI 
(Ethyl-isoamyl-methyl-carbinyl Cl 

ohlonde) CH,.CH2— i— CHi.CHj.CH.CH, 

in, CH, 

0.869S (1) n}} 


BelL’I — 

11 - (64) 

12 


B.P. 63-64® at 16 mm. (1) 




1.43457 (1) 


[For prepn. of C from 2,6-dimethylheptanol-5 (ethyl-isoamyl-methyl-carbinol) [Beil. 
1-425, Ii-(212)] by saturation with dry HCl gas (75% yield (1)) see (1).] 

[C with AICI3 -f- CeHa yields (1) 5-phenyl-2,5-(iimethylheptane, b.p. 122-123® at 14 mm., 
« 0.8788, ni? * 1.49894 (1).] 

8:9662 (1) Halse. J. jyrakt. Chem. (2) 89 , 455 (1914). 


3 : 9654 (/,/-3-CHLORO-.2,2,3-TRIMETHYXH£XANE 

(ter-Butyl-methyl-n-propyl-carbinyl Cl CHa 
chloride) ^ 


C9H10CI 


Ben. S.N. 10 


CHa.CH2.CH2- 


hus ina 


CHa 


B.P. 64.2-65.5® at 12.6-13 mm. (1) = 0.8973 (1) = 1.4468 (1) 

[For prepn. of C from 2,2,3-trimethylhexanol-3 (ter-butyl-methyl-n-propyl-carbinol) 
[Beil. I2“(458)l (1) by saturation with dry HCl at 0® see {!).] 

3:9664 (1) Petrov, Karasev, Cheltsova, Bull, soc. chim. (5) 3, 172-173 (1936). 


3 : 9656 3-CHLORO-2,2-DIMETHYL-3-ETHYLPENTANE 
(ter-Butyl-diethyl-carbinyl chloride) Cl CHa 

CH,.CHi!— <!; i— CH, 


CgHi,Cl Bea. S.N. 10 


i,H, ij 


IH, 


B.P. 63-54” «t 6 mm. (1) 


[For prepn. of C from 2,2-dimethyl-3-ethylpentanol-3 (ter^butyl-diethyl-carbinol) 
(1) with dry HCl gas at 0® see (I).] 

C on distn. at 150 mm. loses HCl <1) yielding a nonene, b.p. 80.6-81® at 150 mm. <1). 
8:9666 (1) BarUett. Knox, J. Am. Chem. Soc. 61 , 3119 (1939). 
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3:9658<B:96e0 


3:9658 PHBNYLPROPIOLYL CHLORIDE CoHsOCl Befl.Dt-635 



B.P. 130-133^ at 26-30 nun. (1) 

115-116^ at 17 nun. <2) 

119^ at 12 nun. <3) 

[For prepn. of C from phenylpropiolic acid (1:0746) with PCls (1) (2) cf. <3), or refluxed 
with 7 pts. SOCI2 (90-95% yield (4)) (3), or from sodium propiolate (available from phar- 
maceutical industry (6)) with SOCI2 <5) but not PCI3 (2), see indie, refs. Note that phenyl- 
propiolic acid (1:0745) dislvd. in 2 pts. POCI3 at 100® and htd. 3 min. beyond first sepn. 
of cryst. (6), or the acid refluxed with AC2O <7), gives good yield l-phenylnaphthalene-2,3- 
dicarboxyUc anhydride [Beil. XVII-541, XVIIi-(275)], ndls. from CeHe -f Igr., m.p. 266®.] 

[For reactn. of C with AICI3 4- anisole (1:7445) yielding (1) (3) p-methoxyphenyl 
phenylethynyl ketone [Beil. VIII-1991, m.p. 100® (1) (3) (dibromide, m.p. 138-140® <3)), 
see indie, refs.; for reactn. of C with AICI3 methyl p-tolyl ether (1:7495) giving (60% 
yield (6)) 2-hydroxy-5-methyl-/3-chlorochalcone, deep yel. ndls. from pet. eth., m.p. 95.6® 
(which in ale. on dropwise treatment with dil. aq. NaOH ring-closes by loss of HCl to give 
quant. (5) 6-methylflavone [Beil. XVIIi-(206)], m.p. 122® (5)), see (5); for reactn. of C 
with AICI3 + resorcinol (1 : 1630) in nitrobenzene to give 7-hydroxyflavone [Beil. XVIII-68], 
m.p. 241®, see (8).] 

[For reactn. of 0 with diethyl sodio-malonate <4), ethyl sodio-acetoacetate <4>, sodio- 
acetylacetone (4), with Na phenylacetylene or phenyl-ethynyl MgBr (9) see indie, refs.) 

C on hydrolysis (presumably) yields phenylpropiolic acid (1:0746), m.p. 136®. For the 
amide, anilide, p-toluidide, and other derivs. corresp. to C see the acid (1:0746). 

3:9658 (1) Stockhausen, Gattermann, Ber. 25, 3537-3638 (1892). (2) Rupe, Ann. 369 , 329 

(1909). (3) Watson, J. Chem. Soc. 85 , 1324-1325 (1904). (4) Ruhemann, Merriman, J. Chem. 

Soc. 87 , 1389-1396 (1905). (6) Simonis, Lear, Ber. 59 , 2908-2913 (1926). (6) Michael, Ber. 39 , 

1911-1912 (1906). <7) Michael, Bucher, Am. Chem. J. 20, 91-92 (1898). <8) Seka, Prosche, 

MonaXeh. 69 , 289 (1936). <9) Hess, Weltzien, Ber. 54 , 2515-2516 (1921). 


3:9660 o-METHYLPHENACYL CHLORIDE 
(Chloromethyl o-tolyl ketone; 
ctf-chloro-o-methylacetophenone) 

B.P. 129-130® at 11 mm. (1) 


C^HgOCl 

fr 

ly^o.CHza 


BeiL S.N. 640 


Clear pale yel. liq. <1). — Strong lachrymatorl 

[For prepn. from benzyl MgCl + chloroacetic acid anhydride (3:0730) (42% yield (1)) 
see (1); from o-toluyl chloride (3:8740) + diazomethane see (2).] 

C on oxidn. with NaOCl gives (66% yield <1» o-toluic ac. (1 :0690), m.p. 104® (1). 


(^ Chloromethyl o-tolyl ketone semicarbazone: m.p. 103-106® (1). 

3:9666 (1) Austin, Johnson, J. Am. Chem. Soe. 54 , 656 (1932). (2) Mercer, Robertson, Cahn, 

J. Chem. Soc. 1935 , 1000. 

^CHLOROPHENYL ETHYL C^HsOCl Beil. VH- 301 

KETOKK c 1<( y-CO.CH,CH, VH,— 

B.P. 168° at 80 non. M.P. 36-36° 


/See 3:0340. Diviaion A: Salida, 
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3:9664 o^HLOROETHn. PHENYL KETONE 
(crOhloropropiophenone) 


BJ. 131-133° at 26 mm. (1) 


[ C»H,0C1 

iHr-(LcO— )> 


Bett. S.N. 640 


(For prepn. (66.4% yield (1)) from a-chloropropionyl chloride (3:5320) + CeHe + AICI3 
see <1).] 

8:9664 <1) Baker, Barkenbus, J. Am. Chem. Soc. 58, 263 (1936). 

3:0680 AZELAYL (DI)CHLORIDE C 9 H 14 O 2 CI 2 

0=C — (CH 2 ) 7 — c=o 

ii (!a 

B.P. 180-183° at 36 mm. (1) 

166° at 18 mm. ( 2 ) 

165° at 13 mm. (1) 

140° at 0.4 mm. (3) 

(For prepn. of C from azelaic acid (1:0695) with PCU (1) or with SOCI2 (2) (3) see indie, 
refs.] 

(C with 1 mole MeOH should yield 8-carbomethoxyoctanoyl chloride-1, b.p. 150-‘165° 
at 15 mm. (7), usually prepd. from methyl hydrogen azelate, b.p. 190-195° at 15 mm., 
m.p. 21-24° (7), with SOCI2 (7>.l 

C on htg. with disodium azelate yields (1) azelaic anhydride, m.p. 54-56° (1) (this prod, 
is probably the linear polymeric oe-anhydride (see 1:0695)). 

[C with CeHe + AICI3 yields (1) l,9-diphenylnonanedione-l,9, m.p. 44° <1); C with 
toluene + AlCls yields (4) l,9-di-p-tolylnonanedione-l,9, m.p. 78-79° (4).] 

C with phenol yields (5) (6) diphenyl azelate, m.p. 59-60° (6), 49-50° (5). 

(C with MeZnI yields <2) undecanedione-2,10, m.p. 64° (2).] 

C on hydrolysis yields azelaic acid (1:0695), m.p. 106° (for the diamide, dianilide, 
di-p-toluidide, and other derivs. corresp. to C see 1:0695). 

8:9686 (1) Etaix, Ann. chim. (7) 9, 397-401 (1896). (2) Blaise, Koehler, Bull. 90 c. chim. (4) 

5, 692 (1909). (3) Ruzicka, Boekenoogen, Helv. Chim. Acta 14, 1332 (1931). (4) Borsche, Ber. 

59, 2081-2082 (1919). (5) Bouchonnet, Compt. rend. 149, 1599 (1905). (6) Marangoni, Aiti 

iat. Veneto aci.Pt. 2, Sci. math. nat. 97, 209-218 (1937-38); Cent. 1939, 1 96; C.A.34, 6934-6935 
(1940), <7) Morgan, Walton, J. Chem. Soc. 1936, 903. 


BeiL n - 709 
III- 
IIz- 


3:9701 2, 8, e-TRIMETHYLBENZYL CHLORIDE CHs C10H13CI 

<( ^CHzCl 

CHTCHa 


Beil. S.N. 469 


This compound is apparently unreported although the corresp. 2,3,6-trimethylbenzyl 
bromide, b.p. 146° at 23 mm., 130-132° at 14 mm., has been obtd. (41% yield (1)) from 
prehnitene (1,2,3,4-tetramethylbenzene) (1:7548) by bromination. 

Certain derivatives of C are, however, recorded here because of the desirability of com- 
parison with the corresp. derivs. of 2,4,5-trimetbylbenzyl chloride (3:9702) and* of 2,4,6- 
trimethylbenzyl chloride (3:0372). 

2,8,6-Trimefhylbenzyl alcohol: m.p. 83.5-85° <1). 

2,8,6-Trimethylbenzyl acetate: oil, b.p. 152° at 23 mm. (1). 

8:9761 (1) Smith, Agre, J. Am. Chem. Soc. 69, 652-653 (1938). 
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3:9709-^:0719 


3:9709 2,4^TlUM£THyLB£NZyL CHLORIDB CioHuCl BeiLV — 

((i>-Chlorodurene) - Vi — 

CH 3 Vt- (829) 

CH«.Q ^Haa 

B.P. 130' at 16 nun. (1) GBt 

111-116' at 6 mm. ( 2 ) 

110 ° at 6 mm. (2) 

93-108° at 1 mm. (3) 

[See also the isomeric 2,4:,6~trimelhylbemyl chloride (3:0372).] 

[For prepn. of C from 1,2,4-trimethylbenzene (pseudocumene) (1:7470) by chloro- 
methylation with formalin (1:0145) + cone. HCl + HCI gas (yields: 70% (2), 40-43% <3)), 
or with paraformaldehyde + HCl + ZnCl 2 (4), or with chloromethyl methyl ether (3 : 7086) 
in AcOH without cat. (yields: 60% ( 1 ), 50-60% (5)) (note that some bis (chloromethylated) 
product is also formed) see indie, refs.; for prepn. of C from 2»4>6-trimethylbenzyl ale. 
(see below) with cone. HCl under reflux 5 hrs. see (2).] 

[C on catalytic hydrogenation presumably yields 1,2,4-trimethylbenzene (pseudocumene) 
(1:7470) although this particular reaction is not actually reported cf. (1) ] 

[C on hydrolysis presumably yields 2,4,6-trimethylbenzyl alcohol, cryst. from ale., m.p. 
83.0-83.5° (2); note, however that this reaction is not actually reported, the ale. having 
been obtd. by hydrolysis of its acetate, oil, b.p. 141-150° at 9 mm. (2).] 

C in ale. with aq. NaCN refluxed 5 hrs. gives (85% yield ( 2 )) 2,4,5-trimethylbenzyl 
cyanide, m.p. 9-10°, b.p. 133-147° at 4 mm. (2); note that this nitrile upon hydroljrsis 
with 50% H 2 SO 4 at 100° for 2^ hrs. gives 2,4,6-trimethylphenylacetic acid, crude m.p. 
116-118° (2), pure m.p. 128-129° (2) (corresp. dinitro deriv., m.p. 203-203.5° (2)). 

[For condensation of C with ethyl sodio-acetoacetate see (3).] 

3:9702 (1) Vavon, Bolle, Calin, Bull soc. ckim. (5) 6 , 1025-1033 (1939). (2) Smith. MacMullen. 
J. Am. Chem. Soc. 68, 633-635 (1936). (3) John, Gunther, Ber. 74 , 887-888 (1941). <4) Bert, 

Comp. rend. 186, 373-374 (1928). (5) Vavon, Bolle, Comp. rend. 204 , 1826-1828 (1937). 

3:9710 d,/-3-CHLORO-3.METHYLNONYNE-4 Cl CioHitCI BeiL 19 
CHa.CH 2 .CH 2 .CHi.CHssC— <!^H,.CH 3 

in, 

B.P. 88 ' at 17 mm. (1) = 0.8968 (1> ng* .. 1.4643 (1) 

[For prepn. of C from 3-methylnonyn.4.ol.3 (1) by saturation with HCl gas (72% yield) 
see (l).l 

[C with MeMgBr gives 73% sdeld 3,3.dimethylnonyne-l, b.p. 82' at 40 nun., — 
0.7658, nl? = 1.4313 (1).] 

3:9714 (1) CampbeU, Eby, J. Am. Chem. See. 63, 1799-1800 (1940). 

3:9712 5-CHLORODECBNE-O O CioHisQ Befl. &N. 11 

CH,.CH2.CH2.CH2— CH=<!>-CH2.CH2.CH2.CH, 

' B.P. 99-100' at 28 mm. (1) Z^ - a8753 (1) nS 1.4448 (1) 

Two geom. stereoisomers of C are possible, but only this one has as yet been recognized. 
[For prepn. of C from decyne-5 (di-^butylacetylene) [Beil. l2-(239)] with AcCl + SnCU 



3:9719-3:97)94 DIVISION 0 1832 


(4-ohloro-3-nrbutylocten-d-one-2, b.p. 140-146® at 28 mm., *= 0.9459, njf « 1.4012, 
is also formed <1)) see (I).] 

3:9712 (1) Kroeger, Sowa, Nieuwland, J. Orff. Chem. 1, 163-169 (1936). 


3 : 9714 d,f-4-CHLORO-3,7-DIM£THYLOCT£N£-2 
(6-Chloro-2,6-dimethyloctene-6 ) 

CHa-CH: 



OioNioOl Beil. I — 

Ii - (96) 

iH2.cHs.cH.cH, ^ 

(!;h, 


BJ>. 8»-84° at 12 mm. <1) 

[Forprepn. of C from 2,6-dimethylocten-5-ol-6 [Beil. 1-452, Ii-(232)] with 6 N HCl 
see (1).] 

3:9714 (1) Abelmann, Ber. 43, 1583 (1910). 


3:9716 4-CHLORO-3,4-DI£THYLH£X£N£.2 Cl CioHiga 

CHa— CH= C ~ " ' dl) — CH2— CB[3 


Beil. S.N. 11 




iH* 


B.P. 70-72® at 10 mm. (1) 


in, 

= 0.897 (1) 


Ho ‘ 


1.4551 (1) 


For prepn. of C from 3,4-diethylhexene-3 (1) with CI2 + NaHCOa at 0® (60% yield 
accompanied by 40% yield of 3,4-dichloro-3,4-diethylhexane (3:9724)) see (1).] 

C on treatment with O3 yields (1) acetaldehyde (1:0100) q.v. 


3:9716 (1) Tishchenko. J. Oen. Chem. (U.S.a.B.) 8, 1232-1246 (1938); Cent. 1939, II 4222; 
C.A. 33, 4190 (1939). 


3:9790 1,10-DICHLOROD£CAN£ CioHzoCh Beil S.N. 10 

(Decamethylene (di)chloride) 

Cl a 

<!3H2.CH2.CH2.CH2.CH2.CH2.CH2.CH2.CH2.(!:H2 

B.P. lAT-US" at 11 mm. (1) Df - 0.9941 (1) 

[For prepn. of C from decanediol-1,10 (decamethylene glycol) (1:6961) by htg. 1 day 
with excess SOCI2 see <1).] 

C with Nal in acetone refluxed 4 hrs., acetone evaporated, residual material htd. for 3 
hrs. at 140-160® with thiourea in isoamyl ale., yields (1) decamethylene a;, o'-bis- (isothiourea 
hydrochloride), m.p. 186® <1). 

3:9729 (1) Kawai, Hosono, Shikinami, Yonechi, Sci. Paper$ Inst, Phys. Chem. Researeh (Tokyo) 
16, Nos. 306-309, 9-16 (1931); Cent. 1931, II 1694; C.A. 25, 5665 (1931). 


3:9794 3,4-DICHLORO-8,4-DI£THYLH£XAN£ CioH2(^ BeiL S.N. 10 

Cl Cl 


CH^CHr-<!! (!)-CH2.CH3 

i»H, i,H, 

- 1.0*8 <1) ng - 1.4748ff (1) 


B.P. 101-103 at 10 mm. (1) 
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[For prepn. of C from 3,4-diethylhexene-3 (1) with Clt + NaHCOi at O'* (yield 40% 
accompanied by 60% 4-chloro>3,4-diethylhexene-2 (3:9716)) see (1).] 

8:9724 (1) Tishchenko, /. Oen. Chem. (U,8.S.B.) 8 , 1232-1246 (1938); Cent. 1989 , II 4222; 
C.A. 83 , 4190 (1039). 


3:9730 d,2-4-CHLORO-4-METHyLNONANE C 10 H 21 CI BeiL S.N. 10 

(n-Amyl-methyl-w-propyl-carbinyl Cl 

ohionde) CH,.CHs.CH,.CHj.CH,— (!>-CH 2 .CH*.CH 8 

in* 

B.P. 43-45” at 1 mm. <1) - 0.8663 (1) - 1.4360 (2) 

1.4389 (2) 
1.4375 <1) 

[For prepn. of C from 4-methylnonanol-4 (n-amyl-methyl-n-propyl-carbinol) (1) with 
HCl gas (85% yield <!» see (1).] 

3:9780 (1) Whitmore. Williams, J. Am. Chem. Soc. 56, 408-409 (1933). (2) Smart. Quayle. 

J. Am. Chem. Soc. 67, 21 (1945). 


3 : 9732 6-CHLORO-5-METHYLNONANE C 10 H 21 CI 

(Di-n-butyl-methyl-carbinyl Cl 

cblonde) CH,.CH^CH 2 .CH 2 --(!!--CHs.CH 2 .CHi.CH, 

in. 


BeO. S.N. 10 


B.P. 75-77° at 10 mm. (3) = 0.8676 (1) 

60.5° at 3.6 mm. (1) £>f = 0.8707 <1> it^ = 1.4382 <1) 

[For prepn. of C from 5-methylnonanol-6 (di-n-butyl-methyl-carbinol [Beil. Ii-(213), 
l2-(460)l (1) by saturation with dry HCl gas at —10® see (1).] 

6 on refluxing with 2}^ pts. aq. for 9 hrs. gives 14% of its halogen as halide ion (1) (the 
resultant olefin was not isolated). 

[For behavior of C with naphthalene + AlCls in CS 2 see (3).] 

3:9732 (1) Whitmore, Woodburn, J. Am. Chem. Soc. 55, 363-364 (1933). (2) Woodburn, 
Whitmore, J. Am. Chem. Soc. 66, 1394-1395 (1934). (3) Petrov, Kurbskii, J. Oen. Chem. 

{U.S.S.R.) 14 , 492-494 (1944); C.A. 39 , 4600 (1945). 


3:9734 ii,f-3-CHLORO-8-ETHyLOCTANE C 10 H 21 CI BeiL S.N. 10 

(n^Amyl-diethyl-carbinyl chloride) Cl 

CH,.CH 2 .CH,.CH 2 .CHr-<!j-CH 2 .CH, 

B.P. 42-43° at 0.6 mm. (1) - 0.8792 (1> = 1.4423 <1) 

[For prepn. of C from 3»ethyloctanol<°3 (n-amyl-diethyl-carbinol) [Beil. 1<426]. (1) with 
HCl gas (72% yield <1)) see (1).] 

3:9784 (1) Whitmore, Williams, J. Am. Chem. Soc. 65, 408-409 (1933). 
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:9736 d,2-4-CHLORO-4-£THYLOCTANE C 10 H 21 CI 

( 71 -Butyl-ethyl-n-propyl-carbmyl Cl 

CH«.CH,.CHj.CHj— i— CH».CH,.CH» 


Ben. S.H. 10 


k 


B.P. S3-M° at 2 mm. (1) 


iH, 

DJ® - 0.8773 (1) 

= 0.8804 (1) = 1.4421 <1) 


[For prepn. of C from 4-ethyloctanol-4 (n^butyl-ethyl-n-propyl-carbinol) (Beil. I2-(460)1 
(1) by saturation with dry HCl gas at —10® see (1).] 


3:9736 (1) Whitmore. Woodburn, J. Am. Chem. Soc. 55 , 363-364 (1933). 


3 : 9738 3-CHLORO-2,3-DIMETHyLOCTANE C 10 H 21 CI 

(n-Amyl-isopropyl-methyl-carbinyl Cl 

chlonde) CH,.CH2.CH2.CH..CH.— i CH.CHs 

^Hj Ahj 


BeU. S.B. 10 


B.P. 53-fiS° at 3 mm. (1) 


= 0.8818 (1) 


*.20 

Hd ■ 


1.4420 <1) 


[For prepn. of C from 2,3-dimethyloctanol-3 {!) with dry HCl gas at 0® (77% yield) 
see (1).] 


3:9738 (1) Whitmore, Evers, J. Am. Chem. Soc. 55, 813-814 (1933). 


3 : 9740 8-CHLORO-2,6-DIMETHYLOCTANE CioH2iCl 

(Tetrahydrogeranyl chloride; 
perhydrogeranyl chloride) 

CH2.CH2--CH— CH2.CH2.CH2— CH— CHg 

ii in, CH, 


BeiLI — 

Ii - (66) 


B.P. 88-89° at 12 mm. (1) 

86-86° at 10 mm. <2) 

[For prepn. of C from 2,6-dimethyloctanol-8 [Beil. 1-426, Ii-(214), l2-(461)] (1) with dry 
HCl (1) or with PCls (2) see indie, refs.] 

[For conversion of C to corresp. RMgCl and reactn. of latter with chloromethyl methyl 
ether (3:7085) to give (70% yield <1)) l-methoxy-4,8-dimethylnonane, b.p. 94-94.5® at 
14.5 mm., nf? = 1.4240 see (1).] 

3:9749 (1) Smith, Ungnade, Austin, Prichard, Opie, J. Org. Chem. 4 , 338-340 (1939). (2) 
Ishisaka, Ber. 47 , 2454 (1914). 


3:9742 4-CHLORO-4-n-PROPYLH£PTAN£ 
(Tri-71-propylcarbinyl 
chloride) 


Cl C10H21CI 

ch,.ch2.ch 2— i— CH 2 .CH 2 .CHs 

n-(!/sH7 


BeiLI — 

11- (66) 

1 2 — 


B.P. 80® at 12 mm. <1) 


DS® » 0.8779 (1) n}? » 1.44209 (1) 


. [For prepn. of C from 4-n-propylheptanol-4 [BeU. 1-426, Ii-(214), l2-(461)] by saturation 
with diy HCl see (1).] 
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(For data on density and parachor of C at 0®, 15®, 25®, 50®, and 75® see (2).] 

[For reactn. of C with AICI3 + CeHa yielding 4-phenyl-4-ri-propylheptane, b.p. 140-141® 
at 15 mm., = 0.8694, n}f == 1.4924, see <1).] 

3:9742 (l) Halse, J. prakt. Chem. (2) 89, 459 (1914). (2) Quayle, Owen, Beavers, /.Am. Chem. 
Soc. 61, 3107-3111 (1939). 


3: 9744 4-CHLORO-2,4,6-TRIMETHyLHEPTANE C10H21CI 
(Di-isobutyl-methyl-carbinyl Cl 

chlonde) CHr-CH.CHj— i— CHj.CH.CH, 

in, Ahj ifla 

B.P. 83-83° at 26 nun. (1) 0 ^ = 0.8657 (1) njf 


BeiLI — 
I»-(66) 
Ir- 


1.43336 (1) 


[For prepn. of C from 2,4,6-trimethylheptanol-4 (di-isobutyl-methyl-carbinol) [Beil. 
1-427, I]-(215)] (1) by saturation with dry HCl gas see <1>.] 

[For reactn. of C with AICI3 + CeHc to give 4-phenyl-2,4,6-trimethylheptane, b.p. 
143-144® at 18 mm., = 0.8753, = 1.49497 see (1).] 


3:9744 (1) Halse, J. prakt. Chem. (2) 89, 458-459 (1914). 


3 ; 9750 2,4,6-TRIMETHyLBENZOYL CHLORIDE CioHuOCl 


(Mesitoyl chloride; 
/3-isodurylyl chloride) 


CH3 

CH3<( c=o 

CHj 


Bea. S.N. 943 


B.P. 143-146° at 60 mm. (1) = 1.0967 (3) ng .. 1.5263 (3) 

118-119° at 19 mm. <2) 

115.5- 116.5° at 18 mm. (3) 

85.0-85.5° at 4 mm. (4> 

85.5- 86.5° at 2-3 mm. (6) 


[For prepn. of C from 2,4,6-trimethylbenzoic acid (mesitoic acid) [Beil. IX-553, IXi-(214)I 
(1) with SOCI2 (90-97% yield (1)) (2) (3) (5) (6) see indie, refs.] 
iC with MeQH yields (3) (4) methyl-2, 4, 6-trimethylbenzoate (mesitoate) [Beil. IX-553], 
b.p._242®, 102-103® at 5.5 mm. (3), 101-102® at 3 mm., n5 = 1.4970 (4).] 

[C with 2,4,6-trimethylphenyl MgBr yields (5) (6) 2,4,6,2',4',6'-hexamethylbenzophenone 
(dimesityl ketone), m.p. 138-139° (5), 136-137® (6); C with 2,4,6-trimethylphenacyl 
MgBr gives (7) 2,4,6,2',4',6'-hexamethyIdibenzoylmethane (dimesitoylmethane), m.p. 
96^97® (7).] 

C on hydrolysis yields (4) 2,4,6-trimethylbenzoic acid, m.p. 152® (amide, m.p. 189® (9), 
18S-188.6® <4), 187-188® (8)). 


3:9750 (l) Barnes, Org. Syntheses 21, 77-79 (1941). (2) Murray, Cleveland, Saunders, /. Am. 
Chem. Soc. 63, 3121 (1941). (3) Kadesch, WeUer, J. Am. Chem. Soc. 63, 1311 (1941). (4) 

Norris, Young. J. Am. Chem. Soc. 57, 1424 (1936). (5) Nauta, Wuis, Rec. trav. chim. 56, 537- 
538 (1937). (6) Kohler. Baltzly. J. Am. Chem. Soc. 54, 4023 (1932). <7) Fuson, Fugate, 

Fisher, /. Am. Chem. Soc. 61, 2363 (1939). (8) Wheeler, Am. Chem. J. 23, 468 (1900). <9> 

Hantzsch, Lucas, Ber. 28, 748 (1895). 
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3:9760 2-CHL0R0.4.<er-BUTyLPH£N0L CioHisOCl BeiL S.N. 530-a 


OH 



CHr-C— CHs 

ills 

BJP. IIS-IIS” at 8 mm. (1) 

85-86° at 3-1 mm. (2) 

84.5-85° at 3-1 mm. <3) 

[For prepn. of C from p-ter-butylphenol (1 : 1510) by chlorination with N>chloroacetamide 
(cf. (4) (5)) see (1); for other methods see (2) (3).] 

(For study of mercuration of C see <6).] 

® 4-fer-Butyl-2-clilorophenyl ^-nitrobenzyl ether: colorless pi. from EtOH, m.p. 90® (1). 

8:9760 <1) Jones. J, Chem. Soe. 1942. 678. (2) Mills (to Dow Chem. Co.), U.S. 2,176,010, 

Oct. 10, 1939; C. A. 34, 858 (1940). (3) Mills (to Dow Chem. Co.), U.S. 2,221,807, Nov. 19, 

1940; C.A. 35. 1936 (1941). (4) Orton, King, J. Chem. Soc. 99, 1185-1192 (1911). (5) Orton, 

Bradheld, J. Chem. Soc. 1927, 993. (6) Moness, Christiansen (to K.R. Squibb), U.S. 2,137,236, 

Nov. 22, 1938; Cent. 1939, I 5007; C.A. 33, 1885-1886 (1939). 


— 4-CHLOR0.6-ISOPROPyL-2- Cl CioHiaOCl 

METHYLPHENOL (CHa)2CH<[^ ^CHa r 

B.P. 158® at 62 mm. M.P. 42-43® 


BeiL S.N. 531 


See 3 : 0480. Division A : Solids, 


3:9770 /J-CHLOROETHYL-zS'-PHENOXYETHYL C10H13O2CI Beil. VI — 
ETHER CI.CHz.CHzv VIi— 

(/S-(/S-Phenoxyethoxy)ethyl > s. rt oxr VI2- (150) 

chloride] \ ;>-~0.CH2.CH2/ 

B.P. 149® at 10 mm. (1) D\l = 1.149 (1) 

138-143® at 8 mm. (2) 

113-120® at 1 mm. (3) 

[For prepn. (60% yield (1)) from /9,/9'-dichlorodiethyl ether (3:6025) with ale. NaOCeHa 
(1 mole) see <1).] 

[For reaction of C in CS 2 or CaHa with AICI 3 + phthalic anhydride, succinic anhydride, 
maleic anhydride, acetic anhydride see (4).] 

[For condensation with amines and phenols see (5); for use as plasticizer see (6).] 

8:9770 (1) Cretcher, Koch, Pittenger, J. Am. Chem. Soc. 47, 1174 (1925). (2) Eastman Organic 
Chemicals, list No. 33 (1942). (3) Bruson (to R6hm and Haas Co.), U.S. 2,249,111, July 15, 
1941; C.A. 35, 6698 (1941). (4) Bruson, Eastes, J. Am. Chem. Soc. 60, 2502-2505 (1938). <5) 
R5hm and Haas Co., French 824,887, Feb. 17. 1938; Cent. 1938, II 1861; C.A. 82, 6258 (1938). 
(6> Murray, Kenyon (to Eastman Kodak Co.), U.S. 1,946,635, Feb. 13, 1934;CsnM934,II 2153; 
C.ii. 28, 2532 (1934). 
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3:9780-3:9702 


3 : 9780 SEBACYL (DI)CHL0RID£ C10H16O2CI2 

0=C~(CH2)r“C=0 

ii <!:i 


BeiL n - 719 
nt-(9e3) 
n2-(6io) 


220° 

at 

76 

mm. 

u> 

203° 

at 

30 

mm. 

(2) 

182° , 

at 

16 

mm. 

(3) 

168-170° 

at 

16 

mm. 

(4) 

152° 

at 

16 

mm. 

<6> 

162-167° 

at 

11 

mm. 

(6) 

155-156° 

at 

8 

mm. 

(7) 

109-110° 

at : 

1-2 

mm. 

(in 


Z)f = l.iai2 (6) nl?® - 1.46836 (4) 
.J>2 = 1.1375 (6) 


[For prepn. of C from sebacic acid (1 :0730) with PCls (90-95% yield (5) (2)) <4), with 
PCI3 (3), with SOCI2 (yield: 100% (1), 86% (6). 84% (7)) (8), 83% (11), or with SiCU in 
CaHe -f ether (37% yield (9>) see indie, refs.] 

C with MeOH (1 mole) followed by Na2C03 yields (1) methyl hydrogen sebacate, 
m.p. 36° (1); C with abs. EtOH (1 mole) yields (7) 9-carbethoxynonanoyl chloride 
(C2H600C.(CH2)8.C0.Clj, b.p. 158-160° at 7 mm. (7) (corresp. 9-carbethoxynonanoic 
anilide, m.p. 60-61° (7)); C with excess phenol yields (8) diphenyl sebacate, m.p. 65-66° (8). 

[C with AICI3 -f CeHe (1:7400) gives (50% yield (2)) (4) l,8-diben2oyloctane, m.p. 
91-92° (4), 88-89° (2); C with AICI3 + m-xylene (1:7420) gives (10) l,8-5M-(2,4r-dimethyl- 
benzoyI)octane.] 

[C with n-CeHiaMgBr gives (28% yield (7)) 10-ketopalmitic acid, m.p. 75-75.8° (7); 
C with n-CsHirMgBr gives (12% yield (7)) 10-ketostearic acid, mp.. 82-82.8° (7); C with 
AgNCO yields (11) sebacyl di-isocyanate. 

[C in xylene on cat. hydrogenation over Pd/CaCOs (6) or Pd/diatomaceous earth (5) 
gives (30-40% yield (5)) corresp. dialdehyde, decandial-1,10 [Beil. I2-(849)1.] 

C on hydrolysis yields sebacic acid (1:0730); for the diamide, dianilide, di-p-toluidide, 
and other derivs. corresp. to C see 1:0730. 

3:9780 (1) Meyer, Monatsh. 22, 421 (1901). (2) Auger, Ann. chim. (6) 22, 361-364 (1891). 
(3) Borsche, Wollemann, Ber. 44, 3186-3186 (1911). (4) von Auwers, Schmidt, Ber. 4^ 

(1913). (5) Rosenmund, Zetsche, Ber. 55, 609-612 (1922). (6) Waser, Helv. Chim. Acta 8, 124- 
125 (1925). (7) Fordyce, Johnson, J. Am. Chem. Soc. 55, 3369-3370 (1933). (8) Marangoni. 
Atti ist. Veneto sci. Pt. 2. Sci. mat. nat. 97, 209-218 (1937-1938) ; Cent. 1939, 1 96; C.A.34, 6934- 
6935 (1940). (9) Montonna, J. Am. Chem. Soc. 49, 2115 (1927). (10) Borsche, Ber. 52, 2078, 
2082 (1919). 

(11) Lioser, Macura, Ann. 548, 226-254 (1941); Cent. 1942, II 146-148; C.A. 37, 4699 (1942). 


3:9792 METHYL o)-(CHLOROFORMYL)PELARGONATE BeiL S.N. 178 

(<tf-(Carbomethoxy)pelargonyl chloride) O CnHigOsCl 

CH,OOC-(CHj),-<!Ua 

BJ>. 177° at 33 mm. <1> 

156-160° at 10 mm. (2) 


Note that C is both an acid chloride and an ester. 

[For prepn. of C from methyl hydrogen sebacate (itself obtd. (52-61% (2)) from sebacic 
acid (1 :0730) + MeOH (1 : 6120)) by action of SOCb (yields: 83r86% (2), 69-70% (1» 86$ 
indie, refs.] 



3:e792>'3:9800 


DIVISION e 


1338 


® <i>-(Carbomethoxy)pelargonaiiiide (methyl sebacamate): cryst. from aq., m.p. 77.4° 
(3), 72-74“ (2). [From C with cone. aq. NH4OH at 8“ (yields: 93-96% (2), 90% (3)); 
for dehydration of this prod. (64-71% yield) (3) with P2O6 in acetylene tetrachloride 
to methyl oT-cyanopelargonate, b.p. 170° at 14 mm., nff * 1.4398 (3), and use of 
latter in prepn. of high-mol.-wt. linear polymers (4), see indie, refs.] 

8:9792 (1) Morgan, Walton, J. Chem. Soc^ 1936 , 904. (2) Bishop, Orff. Syntheses 25 , 71-72 
(1945). (3) Biggs, Bishop, J. Am. Chem. Soc. 63 , 944 (1944). (4) Bishop (to Bell Telephone 

Laboratories. Inc.), U.S. 2,277,033, March 24, 1942; C.A. 36 , 4636 (1942). 


3:9800 n-UNDECANOYL CHLORIDE C 10 H 21 OCI BeiL S.N. 162 

(?i-Hendecanoyl chloride) CH3.(CH2)9.C=0 

B.P. 119-120“ at 40 mm. (1) n!> = 1.446S (3) 

123“ at 11 mm. (2) 

90“ at 1 mm. (3) 

Care must be taken to avoid confusion of C with n^undecyl chloride (l-chloroundecane) 
(3:8803). 

[For prepn. of C from ?i^undecylic acid (1:0573) with SCKJb (yield: 95.5% (1)) (3) (4) 
see indie, refs.] 

[C with CeHs -h AICI3 should give w-undecyl phenyl ketone, but this compd. is un- 
reported in the literature. — C with toluene (1:7405) -f AICI3 gives (80% yield (5)) 
ri-undecyl p-tolyl ketone, m.p. 32°, b.p. 196-197° at 12 mm.(?)] 

[C with MeOH presumably gives methyl n-undecylate [Beil. IIi-(154), Il2-(314)J, b.p. 
123° at 9-10 mm. (6); similarly, C with EtOH presumably gives ethyl n^undecylate [Beil. 
11-358, III- (154)] (known in polymorphic forms for which see (7) (8) (9)); note, however, 
that prepn. of these esters by this means is not actually reported in the literature).] 

[C with phenol presumably gives phenyl w-undecylate, but neither this cpd. nor either 
of the T^-undecyl hydroxyphenyl ketones to he expected from its rearr. with AICI3 is re- 
ported in the literature. — However, for reaction of C with hydroquinone (1 : 1590) see (10).] 

[C with sodium undecylate on htg. presumably gives undecylic anhydride, m.p. 36.7° <11 ), 
35° <12), but this cpd. is actually reported only by other methods <11) (12).] 

[For reaction of 6 with diethyl sodioacetosuccinate [Beil. III-801, IIIi-(280), 111^(486)] 
and subsequent hydrolysis of prod, to 7-ketomyristic acid see (4).] 

[C with vanillylamine (4-hydroxy-3-methoxybenzylainine) gives <2) cf. (13) V-(vanillyl)- 
m3rristamide, a-form, m.p. 69.5° (2); /9-form, m.p. 62.0-62.5° (2); the m.p. of 54-^° re- 
ported earlier (13) may have been a mixture, but that of 73-74° by other workers (14) 
is unexplained.] 

C on hydrolysis yields undecylic acid (1 : 0573), m.p. 29.3°; for the amide, anilide, p-tolui- 
dide, and other derivatives corresp. to C see undecylic acid (1:0573). 

8:9806 (1) Fiera-David, Kuster, Helv. Chim. Acta 22 , 86-89 (1939). (2) Ford-Moore, Phillips, 
Rec. trav. chim. 53 , 856 (1934). (3) Haskelberg, Bergmann, J. Soc. Chem. Ind. 60 , 166-168 

(1941). (4) Robinson, J. Chem. Soc. 1930 , 747-748. (5) Hasan, Stedman, J. Chem. Soc. 1931 , 

2120. (6) Lesser, Weiss, Ber. 47 , 2519 (1914). (7) van Bellinghen, BuU. soc. chim. Belff. 47 , 647, 

659, 673, 674, 676, 677, (1938). (8) Mumford. Phillips, Rec trav. chim. 52 , 181-194 (1933). 
(9) Meyer, Reed, J. Am. Chem. Soc. 55 , 1582 (1933). (10) Asano. Hase, J. Pharm. Soc. Japan 
60 , 650-659 (1940); 61 , 1-6 (1941); C.A. 86 , 82 (1942). 

(11) Wallace, Copenhaver, J. Am. Chem. Soc. 68, 699 (1941). (12) Backer, van der Baan, 

Rec. trav. chim. 56 , 1166 (1937). (13) Nelson, J. Am. Chem. Soc. 41 , 2125-2126 (1919). (14) 

Eobayaahi, Sci. Papers Inst. Phys. Chem. Research (Tokyo) 6 , 166-184 (1927) ; Cent. 1928 , 1 1029. 
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3:9850^:9854 


3:9850 2,3-DICHLOROBIPHENYL 


B.P. 178“ at 30 mm. (1) 
170-176° at 19 mm. (2) 


o-o 

Cl Cl 


CiaHgCl* 


BeiL &N. 479 


[For prepn. from !iJ-amiiio-3-chloro biphenyl via diazo reactn. see (1): for other methods 
seeJ2>.l 

C on oxidn. with CrOa + AcOH yields <1) 2,3-dichlorobenzoic acid (3:4650), m.p. 
160® (1). 

3:9850 (1) de Crauw, Rec. trav. chim. 50, 776-777 (1931). (2) Zerweek, Schtit* (to General 

Aniline and Film Corp.), U.S. 2,280,504, April 21, 1942; C.A. 36, 5658 a942). 


2,4'-DICHLOROBIPH£NYL C 12 H 8 CI 2 BeiL S.N, 479 

B.P. 191® at 30 mm. M.P. 46® 

iSee3:0670. Division A: Solids. 


3:9854 2,6-DICHLOROBIPHENyL Cl C 12 H 8 CI 2 

Cl ' 

B,P. 183® at 30 mm. (1) 

171® at 16 mm. (2) 

147-148° at 8 mm. (3) 


BeiLV — 

Vi~ 

V2.(483) 


[For prepn. of C from 2-amino-5“chlorobiphenyl (1) (2), 4,4^-diamino-'2,5>dichlozobiphenyI 
(20% yield {!)), or 2,5-dichloroaniline (3) via appropriate diazo reactions see (1) (2) (3).l 
C on oxidn. with CrOa -j- AcOH yields (1) (2) 2,5-dichlorobenzoic acid (3:4340), m.p. 
152® (1), 154® (2). 

[For study of reaction of C with NaOMe see (4).] 

3:9854 (1) de Crauw, Rec. trav. chim. 50, 776-777 (1931). (2) Scarborough, Waters, J. Chem, 

Soc. 1927, 94. (3) I.G., French 851,131, Jan. 3, 1940; C.A. 36, 1950 (1942). (4) Ref. 1. 

pp. 784-785, 789. 


3,4-DICHLOROBIPHENYL 


Cl 


B.P. 195-900® at 16 mm. M.P. 46® 

i8es3:0685. Division A: Solids. 


C12H8CI2 


Beil. V — 

Vi- 

Va.(483) 


BeiLV — 

Vi- 

V2-(484) 

B.P. 180® at 15 mm. M.P. 36® 

/See 3: 0360. Division A: Solids. 


3,6-DICHLOROBIPHENyL Cl C 12 H 8 CI 2 


Cl 
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3-CHLORO-4.PHBNirLPH£NOL 


C 12 H 9 OCI 


CXDob 

Cl 


B.P. 17 &e° at 6 mm. M.P. 77* 

iSee3:1900. Division A: Solids. 


BeO. aN. 539 


3:9856 a-BAPHTHYLACETn, CHLORIDE CuHgOCl 

Hi!— C=0 

il 

B.P. 188” at 23 mm. (1) 

180° at 17 mm. (7) 

174° at 16 mm. <2} 

148'-155° at 0.6 mm. <3) 

(For prepn. of C from a-naphthylacetic acid (1 :0728) with PCls (4) (1), or with SOCI2 
alone (2) {5) or in CfiHe <6), see indie, refs.] 

C with AICI3 in nitrobenzene <1) (but not by SnCU in CS2 at room temp. (2)) losses HCl 
and ring-closes yielding acenaphthenone (1 :6200), m.p. 121° cor. 

(C with aminoacetic acid (glycine) yields (6) iV-(a-naphthylacetyl) glycine, m.p. 153- 
134° (5). (For reactn. of C with other amino acids and use as plant hormone see (5)).] 

C on hydrolysis yields os-naphthylacetic acid (1:0728) q.v. for the corresp. amide and 
anilide. 

3:9866 (1) Badische Anilin- und Soda-Fabrik, Ger. 230,237, Jan. 20. 1910; Cent. 1911, I 358. 
(2) Cook.^Hewett, J. Chem. Soc. 1933, 1106. (3) Wolfram, SchOrnig, Hausddrfer (to I.G.), Ger. 

562,391, Nov. 1, 1932; C&rU. 1933, 1 849. (4) Boessneck, B&r, 16, 641 (1883). (5) Isler (to 

Hoffmann-LaRoche Inc.), U.S. 2,179,979, Nov. 14, 1939; C.A. 34, 1808 (1940); Brit. 510,138, 
July 27, 1939; Cent. 1939, II 3872; C.A. 34, 4080 (1940); Swiss 203,078, May 16, 1939; Cent. 
1939, II 3872. <6) Gilman, Kirby, J. Am. Chem. Soc. 61, 3477, Note 18 (1929). (7) King, 
HenshaU, /. Chem. Soc. 1946, 418. 



Beil. IX — 
IXi-(378) 


3:9858 n-DODECANOYL CHLORIDE Ci2H230Cl B6a.n-363 

(n-Lauroyl chloride) CHj.(CH2)io.C=0 ni-(159) 

i. Il2-(321) 


B.P. 175-176° at 47 mm. (1) MJ». - 17° <6) nf? = 1.4458 (7) 

150° at 22 mm. <2) 

145- 147° at 20 mm. <3) 

145° at 18 mm. (4) 

146- 150° at 17 mm. (20) 

143-148° at 16 mm. (6) 

142.5° at 16 mm. <6) 

140° at 16 mm. (7) 

141° at 14 mm. <8) 

134r-137° at 11 mm. (9) 

135-140° at 10 mm. <10) 

134r-137° at 11 mm. (11) 

132° at 9 mm. (12) 
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Note that care must be taken to avoid confusion of C with n^lauryl chloride (1-chloro- 
dodecane) (3:8810). 

PREPARATION OF C 

(For prepn. of C from n^lauric acid (1:0605) with PCU (yields: 91.5% (10), 66% (13)) 
(6) (15) (32), with PCl5+2nCl2 (45% yield (13)), with PCI3 (yields: 80% (8), 72% (13)) 
(4) (16), with PCI3 + ZnCl2 (79% yield (13)), with SOCI2 (yields: 92% (9), 80-84% (11), 
83% (13), 80% (20)) (1) (5) (17) (32) (33), with oxalyl (di)chloride (3:5060) (99% yield 
(3)) (2), or with carbonyl chloride (phosgene) (3:5000) at 140-150® (85-90% yield (18)) 
see indie, refs.l 

[For prepn. of C from a,/9-dichloroethyl laurate (19) on distn. with 0.1% ZnCl2 (chloro- 
acetaldehyde (3:7212) is also formed) see (19).] 

CHEMICAL BEHAVIOR OF C 
Behavioh with Inorganic Reactants 

Hydrogenation of C. [C with H2 -|- Pt cat. at 200-320® and 50-180 mm. or with H2 + 
Raney Ni at 160° and 50 mm. fails (8] to give the expected lauraldehyde (1:0017); this 
result is apparently due to side reactions of the latter since undecane (1 : 8820) and tricosane, 
C23H48, were isolated (8).] 

Behavior with sodium. [C (1 mole) with metallic sodium (1.2 moles) in dry ether refluxed 
(with stirring) for 4 hrs. gives (60% yield (20)) tetracosen-12-diol-12,13 dilaurate, i.e., the 
ilaurate ester of CH3.(CH2)io.C(OH)=C(OH).(CH2)io.CH8, cryst. from acetone/CeHe 
(3:1), m.p. 42-43® (20).] 

Behavior with Na202. [C with aq. Na202 below 50° gives (21) dilauroyl peroxide, but 
no constants for either this prod, or for lauroyl hydrogen peroxide can be found in the 
literature; for use of dilauroyl peroxide as cat. for drying oils see (22).] 

Behavior with NaNs. [C with NaNs in CeHe reacts to give lauroyl azide (not isolated 
(23)), which loses N2 and rearr. giving (81-86% yield (23)) undecyl isocyanate, b.p. 103® 
at 3 mm. (23).] 


Behavior with Organic Reactants 

With hydrocarbons. [C with CeH® -f AICI3 gives (yields: 100% (14), 71% (11)) (24) 
(25) (26) (27) phenyl undecyl ketone (laurophenone) [Beil. VII-345, VIIi-(186)], m.p. 47° 
(24) (28), 46® (14) (25), 45® (26), 4^5® (11); b.p. 222-223® at 21 mm. (25), 201-202® at 
9 mm. (26), 193-194® at 9 mm, (11), 174® at 3 mm. (29) (corresp. oxime, m.p. 64.5® (11); 
semicarbazone, m.p. 98° (11); 2,4-dinitrophenylhydrazone, m.p. 101-102° (11)). — For 
analogous reactions of C in pres, of AICI3 with biphenyl (1:7175), diphenyl ether (1 :7125), 
diphenylene oxide (1:7205), carbazole, thiophene, and furan see (30); for use of these 
products as waxes, addition agents for lubricants, etc., see (30) (31).] 

With alcohols. C with alcohols gives in general the corresp. alkyl laurates [e.g., C with 
MeOH gives methyl laurate, m.p. -]-5®, b.p. 148® at 18 mm. (10); C with EtOH gives ethyl 
laurate (1:4196)^ m.p. —1.7 b.p. 269°; etc. — C with benzyl ale. (1:6480) gives (32) 
benzyl laurate; C with menthol (1 :5940) gives (33) menthyl laurate; etc.]. 

C (2 moles) with dihydric ales, on htg. gives the corresp. neutral esters [e.g., C with 
ethylene glycol (1:6465) gives (34) ethylene glycol dilaurate (1 :2157), jn.p, 52°; C with 
propanediol-1,2 (1 : 6455) gives (34) propylene glycol dilaurate, m.p. 35°; C with butanediol- 

1.3 (1:6482) gives (34) 1,3-butylene glycol dilaurate, m.p. about 16.5°; C with butanedioL 

1.4 (1:6516) gives (34) tetramethylene glycol dilaurate, m.p. 45.5®]. 
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C has also been much employed in the prepn. of mixed glycerides, but this topic cannot 
be expanded in detail in this text. 

With phenols. 0 on htg. with phenols splits out HCl yielding the corresp. esters. (E.g., 
C with phenol (1 : 1420) gives (6) phenyl laurate, m.p. 24.5® (6), b.p. 210® at 15 mm. <6), 
159-161*^ at 1 mm. <35); C with p-cresol (1:1410) gives (6) p-tolyl laurate, m.p. 28® <6), 
b.p. 219.6® at 16 mm. (6). — C (2 moles) with pyrocatechol (1:1520) at 110® for 2 hrs. 
gives (36) pyrocatechol dilaurate, m.p. 35.5®; C (2 moles) with resorcinol (1:1630) at 
110® for 2 hrs. gives (36) resorcinol dilaurate, m.p. 43-44.5®; C (2 moles) with hydroquinone 
(1:1590) at 110® for 2 hrs. gives (36) hydroquinone dilaurate, m.p. 85-86°.] 

[C with phenol (1 : 1420) + AICI3 in «t/m.-tetrachloroethane (3 :5760) as solvent, however, 
gives (37) (35) (38) a mixt. of the corresp. hydroxylaurophenones; viz., 32.6% yield (37) 
o-hydroxyphenyl undecyl ketone, m.p. 44-45.5® (corresp. 2,4-dinitrophenylhydrazone, m.p. 
92-93®) and 24.6% yield (37) p-hydroxyphenyl undecyl ketone, m.p. 71-72® (corresp. 
2,4-diiiitrophenylhydrazone, m.p. 150-161®); for study of influence upon o/p ratio of use 
of nitrobenzene and CS2 as solvents see (38); for prepn. of these hydroxylaurophenones 
from phenyl laurate by BF3 rearr. see (39); for their methyl ethers see (44).] 

With salts of organic acids. [C with Na laurate at 100° with protection from moist air 
gives (40) lauric anhydride (1 :0601), m.p. 44° (41), 42.1° (42), 41.8° (43), 41® (40), but the 
latter is usually prepd. from lauric acid (1 :0606) by htg. with AC2O (41) (42) (43).] 

With Gfignard reagents. C with RMgX reagents derived from tertiary halides not 
only undergoes the normal reaction to give the corresp. secondary alcohol but also suffers 
reduction [e.g., C with ter-BuMgCl gives (7) the expected 2,2-dimethyltetradecanol-3 
(67% 3rield) together with lauryl ale. (1:5900) (13.7%) and Icr-butyl-undecyl-carbinyl 
laurate (10.4%); similarly, C with <er-AmMgCl gives (7) lauryl ale. (1:5900) (54.8%) 
and 3,3-dimethylpentadecanol-4 (17.7%)]. 

With organic amines. C with organic primary amines yields the corresp. amides [e.g., 
C with p-cymidine (2-methyl -5-isopropylaniline) gives (1) lauro-(2-methyl-6-isopropyl)- 
anilide, m.p. 82-83°; C with vanillylamine (4-hydroxy-3-methoxybenzylamine) gives (12) 
JV^-(vanillyl)lauramide, a-forra, m.p. 72.5-73®, /8-form, m.p. 67-67.6®]. 

C on hydrolysis yields lauric acid (1:0605), m.p. 43-44°; for the amide, anilide, p-tolui- 
dide, and other derivatives corresp. to C see lauric acid (1:0606). 

3:9868 (1) Hann, Jamieson, J. Am. Chem. Soc. 50, 1443 (1928). (2) Averill, Roche, King, J. 
Am. Chem. Soc. 51, 868 (1929). (3) Adams, Ulich, J. Am Chem. Soc 42, 604 (1920). (4) Caspar!, 

Am. Chem. J. 27, 305 (1902). (5) Gault, Ehrmann, Bull. soc. chim. (4) 89, 875-876 (1926). 

(6) Krafft. Burger, Ber. 17, 1378 (1884). (7) Whitmore, Miner, Whitaker, J. Am. Chem. Soc. 63, 

649-650 (1941). (8) Escourrou, Bull soc. chim. (5) 6, 1177-1180 (1939). (9) Fierz-David, Kuster, 
Hdv. Chim. Acta 22, 89 (1939). (10) Guerin, Bull soc. ch%m. (3) 29, 1121 1123 (1903). 

(11) Ju, Shen, Wood, J. Inst. Petroleum Tech. 26, 514-520 (1940). (12) Ford-Moore, Phillips, 

Rec. trav. chim. 53, 856 (1934). (13) Clark, Bull, Trans. Roy. Soc. Can. (3) 27, III 97-103 

(1933). (14) Darzens, Mentzer, Compt. rend. 213, 268-271 (1941). (15) Ralston, McCorkle, 

Vander Wal (to Armour and Co.), U.S. 2,262,431, Nov. 11, 1941; C.A. 36, 1513 (1942). (16) 

Tilak, Venkataraman, J. Sci. Ind. Research {India) 3, 193-197 (1944); C.A. 39, 4242 (1945). 
(17) Izard, Biochem. Z. 40, 401 (1912). (18) Prat, fitienne. Bull. soc. chim. (5) 11, 30-34 (1944); 

C.A. 38, 6274 (1944). (19) Soc. des Usines Chim. Rhone-Poulenc, Ger. 527,874, June 22, 1931; 

Cent. 1981, II 1350; C.A. 26, 1575 (1931): Brit. 329,721, June 19, 1930; Cent. 1930, II 1611; C.A. 
24, 5767 (1930): Brit. 330,511, July 10, 1930; Cent. 1930, II 2184; C.A. 24, 5767 (1930). (20) 
Ralston, Selby, J. Am. Chem. Soc. 61, 1019-1020 (1939). 

(21) Stoddard, Kokatnur (to Pilot Lab., Inc.), U.S. 1,718,609, June 25, 1929; Cent. 1929, II 
2261; [C.A. 28, 4093 (1929)]. (22) Hooft (to Lucidol Corp.), U.S. 2,032,554, March 3, 1936; Cent. 
1986, I 4813; [C.A. 30, 2781 (1936)]. (23) Allen, Bell, Org. Syntheses 24, 94-95 (1944). (24) 
Kipping, Russell, /. Chem. Soc. 67, 508 (1895). (25) von Auwers, Ber 46, 2772 (1912). (26) 

Haller, Bauer, Compt. rend. 149, 7 (1909). (27) I.G., Brit. 453,778, Oct. 15, 1936; Cent 1987, 

I 727; C.A. 31, 1122 (1937). (28) Sabatier, Mailhe, Compt. rend. 158, 834 (1914). (29) I.G., 
French 801,499. Aug. 5, 1936; CerU. 1937, 1 1016; C.A, 31, 483 (1937). (30) Ralston, Christen- 
sen, Ind, Eng. Chem. 29, 194-196 (1937). 
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(31) Ralston, Christensen (to Armour and Co.), U.S. 1^,033,544, March 10, 1936; Cent ltS6» 
II 897; [C.A. 30, 3134 (1936)1. (32) Shonle, Row, J. Am. Chem. Soc. 43, 363 (1921). (33) 

Brauns, J. Am. Chem. Soc. 42, 1479 (1920). (34) Staudinger, SchwalenstOcker, Ber. 68, 728-742 

(1936). (35) Ralston, McCorkle, Bauer. J. Org. Chem. 5, 658 (1910). (36) Marangoni, AtH 

iai. Veneto act., Ft. 2. Set. mat. nat. 07, 206-218 (1937/8) ; Cent. 1939, I 95-96; C.A. 34, 6934 
(1940). (37) Ralston.Bauer, J. Org. Chem.S, 165-170 (1940). (38) Ralston, Ingle, McCorkle, 

J. Org. Chem. 7, 457-461 (1942). (39) Balle, Heimke (to I.G.). Ger. 637,808, Nov. 4, 1936; 

Cent. 1937, I 4581; C.A. 31, 5379 (1937). (40) Krafft, Rosiny, Ber. 33, 3577-3578 (1900). 

(41) Mannich, Nadelmann, Ber. 63, 797 (1930). (42) Wallace, Copenhaver, J. Am. Chem. Soc. 
63, 699 (1941). (43) Holde, Gentner, Ber. 68, 1423 (1925). (44) Paranjpe. Phalnikar, Nargund, 

J. Univ. Bombay 11, Pt. 3, 120-123 (1942); C.A. 37, 1999 (1943). 

BENZOHYDRYL CHLORIDE H CisHuCl Beil. V - 690 

Vi-(278) 
V2-(500) 

tl 

B.P. 190-191° at 247 nun. M.P. 18° 7)1*“ = 1.1398 ni?'* » 1.8959 

/8>ec3:0060. Division A: Solids. 

3:9859 1 -CHLOROTRIDECANE CH 3 .(CH 2 )ii.CH 2 Cl C 13 H 27 CI BeiL S.N. lO 
(w-Tridecyl chloride) 

B.P. 135.7-136.0® at 9 mm. (1) = 0.8668 (1) nf? == 1.4460 (1) 

[For prepn. of C from A^-benzoyl-n-tridecylamine (iV-(ri-tridecyl)benzamide) with PCls 
at 160-210® (67% yield) see (1).] 

C with Mg in dry ether gives w-Ci 3 H 27 MgCl (1) ftliis prod, with ally! bromide as directed 
gives (48% yield (1)) hexadecene-1 (cetene) (1:V()00)]. 

n-Tridecyl ^-nitrobenzoate: m.p. 37.4® cor. (2). [Pl-epd. indirectly (2).] 

n-Tridecyl 3,5-dinitrobenzoate: unreported. 

N~ (n-Tridecyl )phthalimide : unreported. 

3:9859 (1) Suida, Drahowzal, Ber. 76, 996 (1942). (2) Armstrong, Copenhaver, J. Am. Chem. 

Soc. 66, 2252-2253 (1943), 

2,4'-DICHLOROBENZOPHENONE /Xq C 13 H 8 OCI 2 Befl.Vn-430 

c(y 

B.P. 214r-Z15® at 22 mm. M.P. 66-67“ 

See 3 : 1565. Division A: Solids. 

3:9859-A 2 , 8 '-DICHLOROBENZOPHENONE C] 3 H 80 Cl 2 BeO. S.N. 652 

(o-Chlorophenyl 
ketone) 


?w-chlor ophen yl 



B.P. 140-142® at 1 mm. (1) 
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(For prepn. of C from m^chlorobromobenzene [Beil. V-209, Vi-(115), V2-(161)J <2) by 
conversion to m-chlorophenyl MgBr (cf. (3)) and reaction with o-chlorobenzonitrile [Beil. 
IX-336] <4) (5) followed by hydrolysis (73% yield) see <!).] 

® 2,8'-Dichlorobenzophenone 2,4-dinitrophenylhydrazone: m.p. 255-257° (1). 

3:9859-A (l) Haller, Bartlett, Drake, Newman, Cristol, et al., J. Am. Chem. Soc. 67, 1601-1602 
(1945), (2) Hartwell, Org. Syntheses 24, 22-24, Note 5 (1944). (3) Hein, Better, Ber. 71, 1968 

(1938). (4) Norris, Klemka, «/. Am, Chem. Soc. 62, 1433 (1940). (5) Baudet, Rec. trav. chem. 

48, 707-708 (1924). 

3:9860 TRIDECANOYL CHLORIDE C13H2BOCI BeiL S.N. 162 

CH8.(CH2)ii— C=0 

ii 

B.P. 145-146° at 11 mm. (1) 

145-147° at 10 mm. <2) 

144-145° at 10 mm. <3) 

[For prepn. of C from tridecanoic acid (1:0600) with SOCI2 (3) (96.5% yield (2)) see 
indie, refs.] 

[For reactn. of C with Celle + AICI3 yielding phenyl w^dodecyl ketone, m.p. 41-42°, 
b.p. 170° at 0.1 mm. (semicarbazone, m.p. 101°), see (3); for reactn. of C with vanillylamine 
seed); for reactn. of C with 1,7-aminonaphthol see (4).] 

C on hydrolysis yields tridecanoic acid (1 : 0600) (for the amide, anilide, p-toluidide, and 
other derivatives corresp. to C see 1:0600). 

3:9860 (1) Ford-Moore, Phillips, Rec. trav. chim. 53, 856-857 (1934). (2) Fierz-David, Kuster, 

Hdv. Chim. Acta 22, 86-89, 101 (1939). (3) Ziegler, Dersch, Wollthan, Ann. 511, 38-39 (1934). 


3 : 9863 l,l-DICHLORO-2- (m-CHLOROPHENYL)-2- ChHsCU Beil. S.N. 480 

(P-CHLOROPHENYDETHYLENE 


B.P. 168-162° at 1 mm. (1) 

[For prepn. of C from ** m,p-DDT ” (3:9867) by elimination of 1 HCl with ale. KOH 
(80% yield) see <!).] 

C on oxidn. with CrOs gives (41% yield, (1)) 3,4'-dichlorobenzophenone (3:3415), m.p. 
113°. 

8:9863 (1) Haller, Bartlett, Drake, Newman, Cristol, et al., J. Am. Chem. Soc. 67, 1600 (1945). 

3:9865 l,14-TRlCHL0R0.2,2-6i5- C14H9CI5 BeiL S.N. 479 

(o.CHLOROPHENYL)ETHANE Cl 

' (“aZ-DUT") < X ? 

CH — C — Cl 


Cl 

<=Xc 

OCX 


C=CCl2 
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Oil, which on attenipted distillation dec. (1) (2) into HCl + 1,2-diphenylethylene 
(stilbene) (1:7250). — C can, however, be distilled with steam (1). 

[Fop prepn. of C from CeHe with chloroacetaldehyde (3:7212) (generated in mixt. by use 
of a,/?-dichlopoethyl ethyl ether (3:5640)) + cone. H2SO4 see (2); for formn. in very small 
amt. from l,l,l-trichloro-2,2-diphenylethane [Beil. VI-606, VIi-(285)] during electrolytic 
reduction in ale. /HCl see (3).] 

C with ale. KOH loses HCl yielding (1) 1,1-diphenylethylene [Beil. V-639, Vi-(308), 
V2- (543)1, b.p. 277®, accompanied by its polymers. 

3:6871 (1) Hepp, Ber, 7 , 1409-1413 (1874). (2) Hepp, Ber. 6. 1439 (1873). (3) Brand, Z. 
Elektrochem. 16, 670 (1910). 

3:9874 1-CHLOROTETRADECANE C14H29CI Beil. I — 

(n^Tetradecyl chloride; CH3.(CH2)i2.CH2Cl Ii— 

ivmyristyl chloride) l2-(135) 

B.P. 154^165° at 16 mm. (1) 0.8589 (2) = 1.4450 (2) 

139-142° at 4 mm. (2) 

44-53° at a X 10'^ mm. <2) 

Care must be taken to avoid confusion of C with the acid chloride of n-tetradecanoic 
acid (myristic acid), commonly designated as n-myristoyl chloride (3:9885). 

[For prepn. of C from tetradecanol-1 (1:5935) with cone. HCl -h ZnCh or by htg. in s.t. 
with fumg. HCl see (1); for fornm. of C (31% yield) from tetradecanol-l (1:5935) with 
PCI3 in pres, of mesityl oxide and AC2O see (2).l 
[C (1 mole) with p3rridine (1 mole) in s.t. at 110° for 15 hrs. gives (3) the corresp. qua- 
ternary salt, viz., V-(n-tetradecyl)pyridinium chloride, cryst. from alc./ether or from CqHq 
as monohydrate, m.p. 85.5° (3), 75.5° (5) (this prod, on cat. hydrogenation gives (3) V-(n- 
tetradecyl)piperidinium hydrochloride, m.p. 186-187° (3). — For analogous reactn. of C 
with isoquinoline see (3).] 

[For study of rate of reactn. of C with KI in acetone at 50° and 60° see (1).] 

n-Tetradecyl p-nitrobenzoate: m.p. 51.2° cor. (4). [Prepd. indirectly.] 

n-Tetradecyl 3,5-dinitrobenzoate: unreported. 

N- (n-Tetradecyl )phthaliinide : unreported. 

S-(n-Tetradecyl)i80thiouiea picrate: unreported. 

n-Tetradecyl mercuric chloride: unreported (but see (6)). 

8:6874 (1) Conant, Hussey, J. Am. Chem. Soc. 47 , 483, 485 (1925). (2) Drake, Marvel, J. Org. 
Chem. 6, 394 (1937). (3) Karrer, Kahnt, Epstein, Jaff^, Ishii, Helv. Chim. Acta 61, 233-234 
(1938). (4) Armstrong, Copenhaver, J. Am. Chem. Soc. 65, 2252-2253 (1943). (5) Lottermoser, 
Frosoher, KoUoid-BeihefU 45, 305-306. 315, 319, 323, 339 (1937). (6) Meals, J. Org. Chem. 6 , 
215 (1944). 
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3:9880 o-BENZOYLBENZOYL CHLORIDE=A C14H9O2CI 
8-CHL0R0-S-PHENYLPHTHALIDE=B 
(o-Benzoylbenzoyl pseudo-chiondB) 


A. Beil. X- 749 

Xi~ 

B. BeiLXVn-361 

XYHi— 



C appears to react in two tautomeric forms corresp. to structures A and B, the inde- 
pendent existence of which, however, has not (as yet) been definitely established. The 
same method of prepn. has in various laboratories given results sometimes suggesting a 
preponderance of A, sometimes of the tautomer B. The constants reported for C show a 
correspondingly wide variation, e.g., m.p. 82-83° (1), abt. 70° (2), 59-60° (3); b.p. 170-171° 
at 1 mm. (1); other workers, e.g. (5) (6), have sometimes obtd. C in crystn form and some- 
times not and have failed to report constants. 

[For prepn. of C from o-benzoylbenzoic acid (1:0720) with PCU in CS2 (2) (3) (4) <5), 
or PCU (7), PCI3 (7) (4), or SOCli <7) (4) (6) (6) (1) (8) (11), see indic. refs.; for prepn. of 
C from 3-phenylphthalide with CI2 at 115-120° see (5) ] 

C-A on htg. above 130° loses HCl and ring-closes yielding (9) (10) anthraquinone (1 : 9095). 

C-A with cone. aq. NH4OH at 0° yields (9) o-benzoylbenzamide, m.p. 165° cor. (9); 
with aniline yields (11) o-benzoylbenzanilide, mp. 195° (11). 

C-A with MeOH yields (2) (7) (4) methyl o-benzoylbenzoate, m p. 51.5° (4), 51.7° (4), 
51-52° (2), 52° (12); C-B with MeOII yields (7) methyl pseudo-^benzoylbenzoate (3- 
methoxy-3-phenylphthalide), m.p. 80-81° (7). 

C-A with EtOH should yield ethyl o-benzoylbenzoate, m.p. 58° (13) (12); C-B with 
EtOH yields (14) ethyl psewdo-o-benzoylbenzoate (3-ethoxy-3-phenylphthalide), m.p. 
51-53° (14), 56° (13). 

C-A with K phcnolate or with phenol in pyridine yields (5) phenyl o-benzoylbenzoate, 
m.p. 162-163° (5); C-B under same circumstances yields phenyl pscwdo-o-benzoylbenzoate 
(3-phenoxy-3-phenylphthalide), m.p. 80-82° (5). [For analogous behavior of other phenols 
see (5).] 

C-B with phenol yields (6) 3-(p-hydroxyphenyl)-3-phenylphthalide, m.p. 168-170° (6). 
[For analogous reactn. with other phenols and phenol ethers see (6).l 

[For reactn. of C with o-methylnaphthalene see (15).] 

8:9880 (l) Norris, Ware, J. Am. Chem. Soc. 61 , 1418-1420 (1938). (2) Haller, Guyot, Bull. soc. 
ch%m. (3) 86 , 49-56 (1901). (3) Martin, /. Am. Chem. Soc. 38 , 1142-1144 (1916). (4) McMullen, 

J. Am. Chem. Soc. 38 , 1228-1230 (1916). (5) Blicke, Swisher, J. Am. Chem Soc. 66 , 902-904 
(1934). (6) Blicke, Swisher, J. Am. Chem Soc. 66 , 923-925 (1934). (7) Meyer, MonaUh, 86 , 

475-486 (1904). (8) Samdahl, Christiansen, Bull. soc. chim. (5) 6 , 1577 (1938). (9) Graebe, 
Ullmann, Ann. 891 , 10-12 (1896). (10) Meyer, Monatsh. 86 , 1181-1184 (1904). 

(11) Meyer, Monatsh. 88 , 1226-1227 (1907). (12) Plascuda, Ber. 7 , 987 (1874). (13) von 
Auwers, Heinze, Ber. 68 , 599 (1919). (14) Egerer, Meyer, Monatsh. 34 , 77-79 (1913). (15) 
Clar, Ber. 63 , 116 (1930). 
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a-CHLORO-DIPHENYLACETYL CHLORIDE C14H10OCI2 BeU. IX - 675 

IXi-(983) 

<IXii ii 

B.P. 180® at 14 mm. M.P. 60® 

/See 3:0885. Divisim A: Solids. 


<3x. 


c — c=o 


3:9885 n-TETRADECANOYL CHLORIDE C14H27OCI 

(w^Myristoyl chloride) CH3.(CH2)i2.C==0 


Beil, n - 368 
ni-(i62) 
IIir(329) 


B.P. 


196® 

179-180® 

175-176® 

174® 

169® 

168® 

160-162® 

159-161® 

134® 


at 45-47 mm. 
at 22 mm. 
at 15-17 mm. 


at 

at 

at 

at 

at 

at 


16 mm. 
16 mm. 
16 mm. 
11 mm. 
11 mm. 


( 1 ) 

( 2 ) 

(3) 

<4) 

(5) 

<6) (7) 

( 8 ) 

< 9 ) 


2.6 mm. (10) 


119.6-123® at 1mm. (11) 


M.P. -1® (7) 


Care must be taken to avoid confusion of C with n-myristyl chloride (1-chlorotetradecane) 
(3:9874). 


PREPARATION OF C 

[For prepn. of C from myristic acid (1:0630) with SOCI2 (yields: 91% (8), 80% (3), 
80-84% (9), 79% (6)) (12) (2) (13) (14) (15); with PCU (89% yield (6)) (7) (14); with 
PCI3 (11) (1) (17); withPCls + ZnCh (79% yield (6)); orwithoxalyl (di)ohloride (3:5060) 
(10) see indie, refs.l 


CHEMICAL BEHAVIOR OF C 
Behavior with Inorganic Reactants 

Hydrogenation of C. [C with H2 + Pt cat. at 220-230° at 60-65 mm. gives (1) not 
only some 7i-myristaldehyde (1:0004) and its trimer but also (by loss of CO from C) 
n-tridecane [Beil. 1-171, l2-(134)J, b.p. 234®.] 

Hydrolysis of C. C on hydrolysis with aq. presumably yields myristic acid (1:0630) + 
HCl although actual record of this reaction is lacking in the literature. 

Behavior with sodium. [C (1 mole) with metallic sodium (1.2 moles) in diy ether 
refluxed (with stirring) for 10 hrs. gives (64% yield (3)) octacosen-14-diol-14,15 dimyristate, 
i.e., the dimyristate ester of CH8.(CH2)i2.CJ(OH)==<3(OH).(CH2)i2.CH8, cryst. from 
acetone/CdHfl (3:1), m.p. 54-55® (3).] 

Behavior with Organic Reactants 

With hydrocarbons (or their equivalents). [C with CeHe + AlCls in CS2 gives (69% 
yield (9)) phenyl 71-tridecyl ketone (myristophenone) [Beil. VIIi-(186)], m.p. 52-53® 
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(corresp. oxime, m.p. 69.6®; corresp. 2,4-dinitrophenylhydrazoiie, m.p. 98.0-98.6®; corresp. 
semicarbazone, m.p. 101® (9)).] 

[C with thiophene + SnCU gives (yield not stated (18)) 2-furyl n^tridecyl ketone (3- 
myratolythiophene), oil, b.p. 206-210® at 4 mm., * 0.9606, nff « 1.4961 <18).] 

(C with carbazole -h AICI3 gives (3rield not stated (18)) 2,8-dimyristolylcarbazole, m.p. 
169® (18).] 

With alcohols. C with alcohols gives in general the corresp. alkyl myristates. (E.g., 
C with MeOH gives methyl myristate (1:2013), m.p. 18.6®; C with EtOH gives ethyl 
myristate (1:4316), m.p. 11.9®, b.p. 296®; etc. — C with l^enzyl ale. (1:6480) gives (14) 
benzyl myristate; C with menthol (1:6940) gives (16) menthyl myristate; etc.] 

C (2 moles) with dihydric ales, on htg. gives the corresp. neutral esters [e.g., C with 
ethylene glycol (1 :6466) gives (20) ethylene glycol dimyristate (1 :2233), m.p. 63®; C with 
propanediol-1,2 (1:6466) gives (20) propylene glycol dimyristate, m.p. 41.6®; C with 
butanediol-1,3 (1:6482) gives (20) 1,3-butylene glycol dimyristate, m.p. 29.6-31.0®; C 
with butanediol-1,4 (1:6616) gives (20) tetramethyleneglycol dimyristate, m.p. 66®]. 

C has been much employed in prepn. of mixed glycerides, but this topic cannot be 
expanded in detail in this text [however, for examples of use of C with the compound of 
glycerol + acetone (i.e., 4-hy droxy methyl-2, 2-dimethyldioxolane-l, 3) in prepn. of glyceryl 
a-monomyristate (“ a-monomyristin *^) see (10) (6)]. 

_ With phenols. C on htg. with phenols splits out HCl yielding the corresp. esters [e.g., 
C with phenol (1 : 1420) on htg. gives (7) phenyl myristate, m.p. 36°, b.p. 230° cor. at 16 mm. 
(7); C with p-cresol (1 : 1410) on htg. gives (7) p-tolyl myristate, m.p. 39°, b.p. 239.6° at 
16 mm. (7); C (2 moles) with pyrocatechol (1:1620) at 110° for 2 hrs. gives (12) pyro- 
catechol dimyristate, m.p. 47-48°; C (2 moles )_ with resorcinol (1 :1630) at 110® for 2 hrs. 
gives (12) resorcinol dimyristate, m.p. 63®; C (2 moles) with hydroquinone (1:1690) 
at 110° for 2 hrs. gives (12) hydroquinone dimyristate, m.p. 90-90.3°]. 

[C with phenol (1 : 1420) + AICI3 in sym.-tetrachloroethane (3:5750) as solvent, however, 
gives (ll)]a mixt. of the corresp. hy droxy myiistophenones: viz., 31.9% yield (11) o-hydroxy- 
phenyl ri-tridecyl ketone, m.p. 62-65® (corresp. 2,4-dinitrophenylhydrazone, m.p. 92.0- 
92.6°) and 36.7% yield (11) p-hydroxphenyl n-tridecyl ketone, m.p. 78-80° (corresp. 
2,4-dinitrophenylhydrazone, m.p. 142-143°); for prepn. of these same products by direct 
rearr. of phenyl myristate (above) with AICI3 in sym.-tetrachloroethane soln. see (19).] 
With salts of organic acids. [C with sodium myristate at 100° in absence of air gives 
(21) myristic anhydride (1:0629), m.p. 53.5® (22), 63.4° (23), 61® (21).] 

With organometallic compounds. [C with ethyl sodioacetoacetate gives (60% yield 
(13)) ethyl a-mynstoylacetoacetate, b.p. 170-183° at 3 mm.; this prod, with NH3 gas 
splits off the aceto group yielding (13) ethyl myristoylacetate, m.p. 36-37°, b.p. 187-188° 
at 7 mm.] 

^ With organic amines. C with organic primary amines yields the corresp. amides [e.g., 
C with p-cymidine (2-methyl-6-isopropylaniline) gives (2) m5Tisto-(2-methy 1-6-isopropyl )- 
anilide, m.p. 88-89°; C with vanillylamine (4-hydroxy-3-methoxybenzylamine) gives (4) 
Ar-(vanillyl)myristamide, a-form, m.p. 82°, /8-form, m.p. 76.6-77°]. 

C on hydrolysis yields myristic acid (1:0630), m.p. 63.86°; for the amide, anilide, 
p-toluidide, and other derivatives corresp. to C see myristic acid (1 : 0630). 

8:9886 (1) Escourrou, BuU. aoc. chim, (5) 6 , 1177, 1180 (1939). (2) Hann, Jamieson, J. Am, 
Chem. Soc. 60, 1443 (1928). (3) Ralston, Selby, /. Am. Ckem. Soc. 61, 1019-1020 (1939). (4) 
Ford-Moore, Phillips, Rec. trm. chim, 63, 857 (1934). (5) Rewadikar, Watson, J. Indian Inst. 

Sci. A-18, 128-140 (1930); Cent. 1930, II 3737; C.A. 86, 613 (1931). (6) Clark. Bell, Trans. 
Roy. Soc. Can. (3) 87, III 97-103 (1933). (7) Krafft. BUrger, Rer, 17, 1378-1380 (1884). (8) 
Fierz-David, Kuster, Hdv. Chim. Acta 88, 89 (1939). (9) Ju, Shen, Wood, J. Inst. Petroleum 
Tech. 86, 614-520 (1940). (10) AveriU, Roche, King, /. Am. Chem. Soc. 61, 868 (1929). 
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<11) Ralaton, Bauer, J. Org. Chem. 5 , 168-169 (1940). <12) Marangoni, AUi iat. Veneto aci., 
Pt. B. Sci. mat. not. 97 . 209-218 (1937/8) ; Cent. 1939 . 1 95-96; C.A. 34 . 6934 (1940). (13) Asano. 
Ohta, J. Pharm. Soc. Japan 5h 36-37, 395-401 (1931) ; Cent. 1931 . II 1867; C.A. 95 , 4267 (1931). 
(14) Shonle, Row, J. Am. Chem. Soc. 43 . 363 (1921). (15) Brauns, J, Am. Chem. Soc. 49 . 1479 

(1920). <16) Izar, Biochem. Z. 40 . 402 (1912). <17) Blau, Monatah. 96. 95-99 (1905). (18) 
Rabton, Christensen, Ind. Eng. Chem. 99 , 194-196 (1937). (19) Ralston, McCorlde, Bauer, J. 

Org. Chem. 5 , 653, 658 (1940). (20) Staudinger, SchwalenstOcker, Ber. 68 . 732-741 (1935). ’ 
(21) Krallt, Rosiny, Ber. 33 . 3577-3578 (1900). (22) Wallace, Copenhaver, J, Am. Chem. 
Soc. 63 , 699 (1941). (23) Holde, Centner, Ber. 68 , 1423 (1925). 

3 : 9890 1-CHLOROPENTADECANE CisHgiCl BelL I — 

(n-Pentadecyl chloride) CH 8 .(CH 2 )i 3 .CH 2 Cl Ii-( 68) 

l2-(136) 

B.P. 168-171° at 10 mm. (1) = 0.8433 (2) >== 1.4470 (2) 

[For prepn. of C from iV-benzoyl-n-pentadecylamine (iV-(n-pentadecyl)benzainide) with 
PCU on distn. (58% yield) see (1); from n-Ci 2 H 2 BMgBr (1 mole) by reactn. in ether with 
7 -chloro-n-propyl p-toluenesulfonate (2 moles) (yield 42% on RMgBr) (note that some 
l*bromo-3-chloropropane, b.p. 138-140°, is also formed) see (2).] 

[C with excess aniline at 100° for a long time, then treated with dil. HCl, ppts. (1) ^-(n- 
pentadecyl)aniline HCl, cryst. from alc./ether, m.p. 97° (1); free base, m.p. 36° (1).] 

n-Pentadecyl ^-nitrobenzoate: m.p. 45.8° cor. (3). [Prepd. indirectly.] 

n-Pentadecyl 3,6-dmitrobenzoate: unreported. 

N~ (n-Pentadecyl )phthalimide : unreported. 

5- (n-Pentadecyl isothiourea picrate: unreported. 

n-Pentadecyl mercuric chloride: unreported. 

3:9890 (1) von Braun. Solecki, Ber. 44 . 1472 (1911). (2) Rossander, Marvel, J. Am. Chem. Soc. 

50 . 1495 (1928). (3) Armstrong, Copenhaver, J. Am. Chem. Soc. 66 , 2252-2253 (1943). 

3:9900 PENTADECANOYL CHLORIDE C 16 H 29 OCI Beil. S.N. 162 

CHa.(CH2)i8.C==0 

k 

B.P. 172-176° at 10 mm. (1) 

157° at 6 mm. (2) 

[For prepn. of C from pentadecanoic acid (1 :0620) with SOCI 2 (97% yield (1)) see (1). 
(For reactn. of C with vanillylamine see (2); with 1,7-aminonaphthol see (1).J 
C on hydrolysis yields pentadecanoic acid (1:0620) q.v. (for the amide, anilide, and 
other derivatives corresp. to C see 1 : 0620). 

3:9900 (1) Fierz-David, Kuster, Helv. Chim. Acta 22, 86-89, 101 (1939). (2) Ford-Moore. 

PhilUps, Rec. trav. chim. 53 , 857 (1934). 

1-CHLOROHEXADECANE CH 8 .(CH 2 )i 4 .CH 2 Cl CiaHaaCl Beil. I - 172 

(n-Hexadecyl chloride; Ii — 

cetyl chloride) l2-(138) 

B.P. 289° dec. M.P. 15° 

iSee 3:0015. Dimaion A: Solids. 
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:9912 n-HEXADECANOYL CHLORIDE CieHsiOCl 

CH8.(CH2)i4.C=0 


(Palmitoyl 

chloride) 


B.P. 199-200® 

at 

20 mm. 

(1) 

194-196® 

at 

17 mm. 

(2) 

193-200® 

at 

15 mm. 

(3) 

192-196® 

at 

15 mm. 

(4) 

192.6® 

at 

15 mm. 

(6) 

191-194® 

at 14-16 mm. 

(6) 

183-186® 

at 

11 mm. 

(7) 

172® 

at 

5 mm. 

(8) 

139-140® 

at 

1 mm. (36) 

162-163® 

at 

0.8 mm. 

(9) 

146-162® 

at 

0.46 mm. (46) 

143® 

at 

0.3 mm. (10) 

166-160® 

at 

0.2 mm. (11) 


M.P. 12® (6) (14) 


BeiL n - 374 
nr(167) 
n8-(34i) 


Note that care must be taken to avoid confusion of C with pahnityl chloride (1-chloro- 
hexadecane) (3:0016). 

PREPARATION OF C 

[For prepn. of C from palmitic acid (1:0650) with PC1| (yields: 60% (2), 49% (12)) 
(6) (13) (14) (15) (16), with PCI 3 + ZnCb (72% yield (12)), with SOCI 2 directly (yields: 
93.6% (7), 86% (12), 80% (6)) (17) (19) (46) or in CCI 4 soln. (18), or with phosgene (3 : 6000) 
at 140-166® (70-76% yield (20)) see indie, refs.) 


CHEMICAL BEHAVIOR OF C 
Behavior with Inorganic Reactants 

With sodium. [C (1 mole) with metallic sodium (1.2 moles) in dry ether refluxed with 
stirring as directed gives (70% yield (6)) dotriaconten-16-diol-16,17 dipalmitate, i.e., the 
dipalmitate ester of CH 3 .(CH 2 )i 4 .C(OH)==C(OH).(CH 2 )i 4 .CH 3 , cryst. from acetone/CoHe 
(3:1), m.p. 61-62® (6).] 

Wii sodium azide. [C with NaN 3 in CcHe gives (14) palmitoyl azide [Beil. II-376J 
(not isolated by (14)) which loses N 2 with rearr. to pentadecyl isocyanate [Beil. IV-202i 
(not isolated by (14) but from indirect prepn. reported (21) as m.p. 8-14®) [cf. corresp. 
behavior of lauroyl chloride (3:9868)].] 

With water. C with aq. hydrolyzes to palmitic acid (1:0650) -f HCl. [For study of 
rate of hydrolysis with ord. H 2 O and with D 2 O see (22).J 

Behavior with Organic Reactants 

with hydrocarbons. (C with CeH, + AlClj gives (60% yield (23)) (24) (26) p«itadecyl 
phenyl ketone (penmitophenone) [Beil. VII-347, VIIi-(186)], Ifts. from ale., m.p. 69® (23) 
(24) (26), b.p. 260.6-261.0® at 16 nun. (24) (corresp. oxime, m.p. 73-74® (26)). — C with 
toluene -f AlCla gives (24) pentadecyl p-tolyl ketone [Beil. VII-347, VIIi-(186)], Ifts. from 
ale., m.p. 60® (24) (26), b.p. 262® cor. at 16 mm. (24) (corresp. oxime, m.p. 60® (27), semi- 
carbazone, m.p. 114.6® (26), phenylhydrazone, m.p. 64-^® (26)). — For analogous be^vior 
of C + AlCla + m-xylene (24), mesitylene (27) (2), diphenyl ether (28), and carbazole (28) 
see indie, refs.; for use of these products as waxes, addition agents for lubricants, etc., see 
(28) (29).] 
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With alcohols. C with alcohols gives in general the corresp. alkyl palmitates [e.g.*, C 
with MeOH gives methyl palmitate (1 : 2055), m.p. 30°; C with EtOH gives ethyl palmitate 
(1:2034), o-form, m.p. 19.4°, /8-form, m.p. 24.2°, etc.; C with bezynl ale. (1:6480) gives 
<30) benzyl palmitate, m.p. 36°; C with menthol (1 :6940) gives (31) menthyl palmitate, 
m.p. 32°1. 

C (2 moles) with dihydric ales, on htg. gives the corresp. neutral esters [e.g., 0 with 
ethylene glycol (1:6465) gives (32) ethylene glycol dipalmitate (1:2269), m.p. 70.5°; C 
with propanediol-1,2 (1:6455) gives (32) propylene glycol dipalmitate, m.p. 52.5-54.5°; 
C with butanediol-1,3 (1:6482) gives (32) 1,3-butylene glycol dipalmitate, m.p. 39-40°; 
C with butanediol-1,4 (1:6516) gives (32) tetramethylene glycol dipalmitate, m.p. 63°]. 

G has also been much employed in the prepn. of mixed glycerides, but this topic cannot 
be expanded in detail in this text. 

^ With phenols. C on htg. with phenols splits out HCl yielding the corresp. esters. [E.g., 
C with phenol (1 : 1420) gives (5) phenyl palmitate, m.p. 45° (5), 44.5-46.0° (33), b.p. 
249.5° at 15 mm. (5); C with p-cresol (1:1410) gives (5) p-tolyl palmitate, m.p. 47°, b.p. 
258° at 15 mm. — C (2 moles) with pyrocatechol (1:1520) at 110° for 2 hrs. gives (34) 
pyrocatechol dipalmitate, m.p. 58°; C (2 moles) with resorcinol (1 : 1530) at 110° for 2 hrs. 
gives (34) resorcinol dipalmitate, m.p. 62.5-63.5°; C (2 moles) with hydroquinone (1 : 1590) 
at 110° for 2 hrs. gives (34) hydroquinone dipalmitate, m.p. 94.5°.] 

1C with phenol (1 : 1420) + AICI3 in si/m.-tetrachloroethane (3 : 5750) as solvent, however, 
gives (35) (33) (36) a mixt. of the corresp. hydroxypalmitophenones; viz., 25.4% yield 
o-hydroxyphenyl pentadecyl ketone, m.p. 54-56° (corresp. 2,4-dinitrophenylhydrazone, 
m.p. 94-95° (35)), and 28.5% yield p-hydroxyphenyl pentadecyl ketone, m.p. 84.5-85° 
(35), 78° (37) (corresp. 2,4-dinitrophenylhydrazone, m.p. 141-142° (35)); for study of 
influence upon o/p ratio of use of nitrobenzene and of CS2 as solvents see (36).] 

With salts of organic acids. [C with Ag palmitate at 100° for 10 min. (38) or C with 
NaA (32) (42) gives palmitic anhydride (1:0651), m.p. 64° (39), 63.9° (40), 63-64° (41), 
63° (38), 62-63° (32) (43), but the latter is usually prepd. from palmitic acid (1:0650) by 
htg. with AcaO (39) (40) (41) (42) (43) ] 

With esters. [C with diethyl sodiomalonate would be expected to give diethyl palrait- 
oylmalonate, but for unsuccessful attempt to realize this reaction see (44).] 

[C with ethyl sodio-acetoacetate in dry ether gives (62% yield (11)) (45) ethyl a-palmit- 
oylacetoacetate, m.p. 36-36.5° (11) (45); note that this prod, with aq. NaOH splits off 
the acetyl group giving (62% yield (11)) ethyl palmitoylacetate, m.p. 37-38° (11) (45).] 
With amines. C with org. piira. amines yields the corresp. amides [e.g., C with p-cymi- 
dine (2-methyl-6-isopropylaniline) gives (1) palmito-(2-methyl-6-isopropyl)anilide, m.p. 
90-91°; C with vanillylamine (4-hydroxy-3-methoxybenzylamine) gives (8) iV-(vanillyl)- 
palmitamide, «-form, m.p. 89-89.5°, /8-form, m.p. 84-84.5°]. 

C on hydrolysis yields palmitic ^id (1 :0650), m.p. 62.7°; for the amide, anilide, p-tolui- 
dide, and other derivs. corresp. to C see palmitic acid (1:0650). 

3:9912 (1) Hann, Jamieson, J. Am. Chem. Soc. 50, 1443 (1928). (2) Klages, Ber. 35, 2260-2261 
(1902). (3) Stephenson, Biochem. J. 7, 431 (1913). (4) Gault, Ehrmann, BnU. soc. chim. (4) 

89, 876 (1926). (5) Krafft, Blirger, Ber. 17, 1379-1380 (1884). (6) Ralston, Selby, J. Arfi. Chem. 

Soc* 61, 1019-1020 (1939). (7) Fierz-David, Kuster, Helv. Chim. Acta 22, 89 (1939). (8) Ford- 
Moore, Phillips, Rec. trav. chim, 53, 857 (1934). (9) Fischer, Bergmann, Barwind, Ber. 53, 1603 
(1920). (10) Nishimura, Science Repie. Tohoku Imp. Univ. 20, 97-100 (1931); Cent. 1931, I 

3671; C.A. 25, 3978 (1931). 

( 11 ) Levene, Haller, *1. Biol. Chem. 63, 670—671 (1925). (12) Clark, Bell, Trane. Roy. Soc. Can. 
(8) 27, III 97-103 (1933). (13) von Braun, Jostes, Mttnch, .4nn. 453, 147 (1927). (14) Naegeli, 

QrOntuoh, Lendorlf, Helv. Chim. Acta 12, 240-241 (1929). (15) Pummerer, Kranz, Ber. 62, 2624 
(1929). (16) Ralston, McCorkle, Vander Wal (to Armour and Co.), U.S. 2,262,431, Nov. 11, 

1941; C.A. 36, 1513 (1942). (17) Escher, Hdv. Chim. Acta 12, 37-38, 45-45 (1929). (18) Btickel, 
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Ger. 281,364, Jan. 2, 1916; Cent. 1915, I 230; C.A. 9, 2130 (1916). (19) laard, Bwchem, Zr 40, 

4Q2 (1912). (20) Prat, l^tienne, BvM. aoc. chim. (5) 11, 30-34 (1944); C.A. 88, 6274 (1944). 

(21) Jeffreys, Am. Cfiem. J. 22, 27 (1899). (22) Hughes, Rideal, J. Chem. Soc. 1934, 1107. 
(23) Adam, Proc. Roy. Soc. (London) A-198, 684-685 (1923). (24) Krafft, Ber 19, 2982-2983 

(1886). (25) I.G., French 693,699, Nov. 24, 1930; Cent. 1931, I 1018; [C.A. 26, 1646 (1931)]. 

(26) Ryan, Nolan, Proc. Roy. Irish Acad. 30-B, 1-7 (1912); Cent. 1913, II 2050; C.A. 7, 1712 
(1913). (27) Claus, Hafelin, J. prakt. Chem. (2) 54, 402-403 (1896). (28) Ralston, Christensen, 

Ind. Eng. Chem. 29, 194-196 (1937). (29) Ralston, Christensen (to Armour and Co.), U.S. 

2,033,544, March 10, 1936; Cent. 1936, II 897; [C.A. 30, 3134 (1936)]. (30) Shonle, Row, J. Am. 

Chem Soc. 43, 363 (1921). 

(31) Brauns, J. Am. Chem. Soc. 42, 1479 (1920). (32) Staudinger, SchwalenstOcker, Ber. 68 

733-742 (1935). (33) Ralston, McCorkle, Bauer, J. Org. Chem. 5, 658 (1940). (34) Marangoni, 

Atti ist. Veneto sd., Pt. 2. Sci. mat. nat. 97, 209-218 (1937/8); Cent. 1939, 1 96-96; C.A. 34, 6934 
(1940). (35) Ralston, Bauer, J. Org. Chem. 5, 165-170 (1940). (36) Ralston, Ingle, McCorkle, 

J. Org. Chem. 7, 457-461 (1942). (37) von Auwers, Ber. 36, 3891 (1903). (38) Whitby, J. Chem. 

Soc. 1926, 1462. (39) Holde, Ripper, Zadek, Ber. 57, 103 (1924). (40) WaUace, Copenhaver, 

/. Am. Chem. Soc. 63, 699 (1941). 

(41) Holde, Centner, Ber. 58, 1424 (1925). (42) Krafft, Rosiny, Ber. 33, 3578 (1900). (43) 

Autenrieth, Thomae, Ber. 67, 430 (1924). (44) von Auwers, Jacobsen, Ann. 426, 222 (1922). 

(45) Helferich, Kbster, Ber. 66, 2090-2091 (1923). 

1-CHLOROHEPTADECANE CH 3 (CH 2 )i 6 .CH 2 Cl C 17 H 36 CI BeiL I — 

(n-Heptadecyl chloride) Ii-(69) 

Is — 

B.P. 192-196° at 10 mm. M.P. 24° 

See 3 : 0100. Division A : Solids. 

3:9926 n-HEPTADECANOYL CHLORIDE C17H33OCI Beil. S.H. 162 

(w-Margaroy 1 chloride ) CH3. (CH2) 15 — C=0 

B.P. 176° at 4 mm. (1) 

139-144° at 0.04 mm. (2) 

[For prepn. of C from margaric acid (1:0635) with SOCI2 (84.6% yield (2)) (1) (3) see 
indie, refs’.] 

C with phenol (1 : 1420) on htg. gives (3) phenyl margarate, cryst. from MeOH, m.p, 
37°,_b.p. 240-250° dec. at 11 mm. (3). 

[t) with alkali margarates presumably would yield margaric anhydride, cryst. from ether 
or pet. ether, m.p. 67.6° cor. (4), although this reaction has not actually been reported and 
the margaric anhydride is readily obtd. from the acid (1 :0635) with AC2O (4).] 

[For reaction of C with vanillylamine see (1); with 1,7-aminonaphthol see (2).J 
C on hydrolysis yields margaric acid (1 :0635); for the amide and other derivs. corresp. 
to C see margaric acid (1:0636). 

3:9926 (1) Ford-Moore, Phillips, Rec. trav. chim. 63, 858 (1934). (2) Fierz>David, Kuster. Hdv. 

Chim. Acta. 22, 89, 101 (1939). (3) Skraup, Schwamberger, Ann. 462, 153 (1928). (4) Wallace, 

Copenhaver, J. Am. Chem. Soc, 699-700 (1941). 

1-CHLORO-OCTADECANE CH 3 .(CH 2 )i 6 .CH 2 Cl CisHstCI BeU. S.N. 10 

(n-Octadecyl chloride; 
stearyl chloride) 


B.P. 180-190° at 12 mm. M.P. 21 

/See 3:0095. Division A: Solids 
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3:9940 n-OL£OYL CHLORIDE 

(cM-Octadecen-9-oyl chloride) Cl 

Cl. 


B.P. 213 ^ at 13.6 mm. (1) 

200^ at 11 mm. <2) 

163^ at 2 mm. (3) 

170-1 75*^ at 0.42 mm. (4) 

158-159° at 0.06 mm. (5) 

[iSiee also the tram stereoisomer, viz,, elaidoyl 

[For prepn. of C from oleic acid (1:0565) with PCls (yields: 75% (2), 48% (6), 27% (7)) 
<8), with PCla (46% yield (6)) <9), with PCI3 + ZnCb (50% yield (7)), with SOCI2 (yields: 
82.5% (4), 80% (7), 75% (2)) (3), with oxalyl (di)chloride (3:5060) (90% yield (3», or 
with COCI2 (3:5000) (10) see indie, refs.] 

Note that C with oleic acid (1 :0565) forms a const.-boilg. mixt., b.p. about 241° at 6 mm., 
contg. 40% C (6). ^ 

The reaction of C as an acyl chloride with a wide variety of organic compounds has been 
reported in many patents which cannot be reviewed here. 

C has also been employed in the course of prepn. of mixed glycerides; although this topic 
cannot be fully reviewed in this text, see for examples (3) (11) (12). 

[For behavior of C with resins derived from indene, coumarone, or dicyclopentadiene 
see (13).l 

[C with diazomethane gives an intermediate diazoketone which on decompn. with AcOH 
gives (75% yield (4)) nonadecen-lO-one-2-yl-l acetate, m p 21° (14).] 

[C with phenol (1 : 1420) at 160° for 4 hrs. gives (55% yield (18)) phenyl oleate, oil, b.p. 
256^257° at 12 mm. (18),] 

[C with Na oleate yields (10) oleic anhydride [Beil. 11-469, Il2-(441)], Ifts. or scales from 
ether or ale., m.p. 22.2° (15), 22° (16), but the latter is usually prepared directly (15) (17) 
from oleic acid (1:0565).] 

C on hydrolysis yields oleic acid (1 , 0565); for the amide, anilide, p-toluidide, and other 
derive, corresp. to C see oleic acid (1 :0565). 

8:9940 (l)Krafft, Tritschler, Ber. 33, 3584 (1900). (2) Sulzberger, Z. oTH/eit; CAem. 27, 40 (1914). 
(3) Daul^rt, Frieke, Longenecker, J. Am. Ch&m. Soc. 2143 (1943). (4) Fierz-David, Kuster, 

Helv. Chim. Acta 22, 89 (1939). (5) Verkade, Rec. trav. chim. 62, 393-397 (1943); Cent. 1943, II 

1532; C.A. 88, 3250-3251 (1944). (6) Taufel, Kiinkle, Fettchem. Urmckau 42, 27-29 (1935); 

CerU. 1935, I 2971; C.A. 29, 3307 (1935). (7) Clark, Bell, Tra-ns. Roy Soc. Can. (3) 27, III 

97-103 (1933). (8) Shonle, Row, J. Am. Chem. Soc. 43, 363 (1921). (9) Aschan, Ber. 31, 2349 

(1898). (10) Prat, ^ltienne, Bull. soc. chim. (5) 11, 30-34 (1944); C.A. 6274 (1944). 

(11) Daubert, Spiegl, Longenecker, J. Am. Chem. Soc. 65, 2144-2145 (1943). (12) Jackson, 

Daubert, King, Longenecker, J. Am. Chem. Soc. 66, 289-290 (1944). (13) Ralston, VanderWal, 
Bower, Segebrecht, Ind. Eng. Chem. 32, 99-101 (1940). (14) Grundmann, Ann. 524, 31-39 
(1936). (15) Holde, Rietz, Ber. 57, 100 (1924). (16) Levene, Rolf, J. Biol. Chem. 60, 681 
(1924). (17) Holde, Smelkus, Ber. 53, 1894-1895 (1920). (18) Skraup, Beng, Ber. 60, 950 (1927). 

3:9950 ELAIDYL CHLORIDE CisHssOCl 

CH3.(CH2)r~C-H Cl 

H— i!)— (CH2)7.(!>=0 

B.P. 213"* at 18 mm. (1) si. dec. 

168-170° at 1 mm. (5) 


Bea.n-470 

Hi- 

Il2~“ 


CisHssOCl 

l3.(CH2)r-CH 

c.(chj)7— in 

A 


Beil, n - 460 
ni-(B04) 
Ur- 


oride (3:9950).] 
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(For prepn. of C from elaidic acid (1:0610) with PCI* (1), with SOCI 2 <2), or with oxa|yl 
(di)chloride (3:6060) (91% yield (6)) cf. (6) see indie, refs.) 

(For reactn. of C with diazo methane giving (83% yield (2)) l-diazononadecen-lO-one-2, 
m.p. 63® (2), see (2); for reactn. of C with ethyl sodio-acetosuccinate see (3); for use of C 
in prepn. of synthetic glycerides see (4),] 

C on hydrolysis yields elaidic acid (1 :0610) (for the amide and other derivatives corresp. 
to C see 1 :0610). 

3:9060 (1) Krafft, Tritschler. Ber. 33 , 3582 (1900). (2) Grundmann. Ann. 634 , 43 (1936). 
(3) Robinson, J. Chem. Soc. 1930 , 750. (4) Bdhmer, Kappeller, Fette u. Sei/en 44 , 340-343 

(1937) ; Cent. 1938 , 1 573. (5) Daubert, J. Am. Chem. Soc. 66, 291 (1944). (6) Wood, Jackson, 

Baldwin, Longenecker, J. Am. Chem. Soc. 66 , 287-289 (1944). 


0 n-OCTADECANOYL CHLORIDE CigHssOCl 

Befl. n - 384 

(Stearoyl chloride) 

CH3.(CH2)ie— C=0 

nr(176) 





n,-{3eo) 

215® 

at 

15 mm. 

(1) M.P. 24° (2) 


211-219® 

at 

16 mm. 

(2) 23° (1) 


200-215® 

at 

13—16 mm. 

(3) 23.2-23.4° (8) 


205® 

at 

9 mm. 

(4) 


202-203® 

at 

6 mm. 

<5) 


186-190® 

at 

6-6 mm. (46) 


203® 

at 

6 mm. 

<6) 


185® 

at 

3 nun. 

(7) 


195-195.5® 

at 

2 mm. 

(8) 


164r-166® 

at 0.6-1.0 mm. 

m 


176-178® 

at 

0.6 mm. (10) 


165® 

at 

0.4 mm. (11) 



Note that care must be taken to avoid confusion of 0 with stearyl chloride (l-chloro- 
octadecane) (3:0096). 


PREPARATION OF C 

[For prepn. of C from stearic acid (1:0660) with PCls directly (1) (12) (13) (21) or in 
CCUsoln. (14), with SOCI 2 directly (yields: 97% (10), 81% (3)) (4) (7) (16) (16) (17) or in 
CCI 4 soln. (yield 86% (8)) (14), with PCI 3 (18), with oxalyl (di)chloride (3:6060) (11), or 
with phosgene (3:5000) at 140-150° (70-75% yield (19)) see indie. refs.J 

CHEMICAL BEHAVIOR OF C 
Behavior with Inorganic Reagents 

Hydrogenation of C. [C with H 2 + Pd/BaS 04 cat. in boilg. xylene gives (20) (21) 
stearaldehyde (1:(X)12).] 

Behavior with bromine. [For behavior of C with Br 2 at room temp., 100% and 136® 
see (22).l 

Behavior with sodium. [C (1 mole) with metallic sodium (1.2 moles) in dry ether under 
reflux gives (67% yield (3)) hexatriaconten-18-diol>18,19 distearate, i.e., the distearate 
ester of CH8.(CH2)xt.C(0H)«C(0H).(CH2)i6.CH,, m.p. 67-68M 

With sodium azide. [C with NaNs in CeHe gives (23) (12) stearoyl azide (not isolated) 
which loses N 2 with rearr. giving (43% jdeld (23)) heptadecyl isocyanate, b.p. 208-209® 
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at 17 mm. (23), 200-203** at 16 mm. (24); cf. the corresp. behavior of kuroyl chloride 
(3:9868).] 

■ With water. C with aq. hydrolyzes to stearic acid (1 :0660) + HCl. 

Behaviob with Organic Reactants 

With hydrocarbons (or their equivalents). [C with CoHe + AICI3 gives (yields: 66% 
(26), 60% (26)) (27) (18) heptadecyl phenyl ketone (stearophenone) [Beil. VII-347, 
Vni-(187)], Ifts. from ale., m.p. 64^65° (26), 63.6-64.5" (18), 64" (28), 69" (27) (29) (corresp. 
oxime,’ m.p. 63" (27), phenylhydrazone, m.p. 64" (28)); note that in this reaction no intro- 
duction of a second a(^yl radical occurs (30), and that attempts to prepare stearophenone 
by use (with CeHe -f AICI3) of the mixed anhydride from stearic acid with ketene) gave 
very poor yields (29). — For patents on the use of stearophenone as an electric insulator 
(31), on its sulfonation (32), or on its reaction with PCI3 (33) see indie, refs.] 

[C with toluene + AICI3 gives (34) heptadecyl p-toly 1-ketone [Beil. VII-347, VIIi-(187)], 
Ifts. from ale., m.p. 67" (34), 66-67" (28), b.p. 278" cor. at 15 mm. (34) (corresp. oxime, 
m.p. 64" (27)). — For analogous behavior of C with naphthalene (1:7200) (18), tetralin 
(1:7660) (18), biphenyl (1:7175) (18) (35), p-methylbiphenyl (35), p-chlorobiphenyl 
(3 : 1912) (36), diphenyl ether (1 : 7125) (35), p-nitrodiphenyl ether (36), furan (1 : 8016) (36), 
2-methylfuran (35), dibenzofuran (35), thiophene (35), dibenzothiophene (35), carbazole 
(35), etc., see indie, refs.; for use of these products as waxes, addition agents for lubricants, 
etc., see (36) (36).] 

[For behavior of C with resins derived from indene, coumarone, or dicyclopentadiene 
see (37). — For addition of C to alkynes in pres, of a condensing agent such as AICI3, 
ZnCl2, etc., see (38) cf. (39).] 

With alcohols. C with alcohols gives in general the corresp. alkyl stearates. [E.g., C 
with MeOH gives methyl stearate (1:2095), m.p. 38.8"; C with EtOH gives ethyl stearate 
(1:2078), a-form, m.p. 30.9", /8-form, m.p. 33.5". — C with benzyl ale. (1:6480) gives (40) 
benzyl stearate, m.p. 46.8"; C with menthol (1:5940) gives (41) menthyl stearate, m.p. 
38^39".] 

C has also been much employed in the prepn. of mixed glycerides, but this topic cannot 
be expanded in detail in this text. 

With phenols. [C on htg. with phenols splits out HCl yielding the corresp. esters: e.g., 
C with phenol (1 : 1420) gives (1) phenyl stearate, m.p. 52" (1), 51.5-63.0 (44), b.p. 267" at 
16 mm. (1); C with p-cresol (1:1410) gives (1) p-tolyl stearate, m.p. 64®, b.p. 276" at 
16 mm.] 

(C (2 moles) with pyrocatechol (1:1620) at 100® gives (42) (43) pyrocatechol distearate^ 
m.p. 83-86" (43), 68" (42); C (2 moles) with hydroquinone (1:1590) at 130® gives (42) 
hydroquinone distearate, m.p. 97".] 

[C with phenol (1 : 1420) + AICI3 in si/m.-tetrachloroethane (3:6750) as solvent, however, 
gives (46) (44) (46) a mixt. of the corresp. hydroxystearophenones: viz., 27.8% yield 
o*hydro^phenyl heptadecyl ketone, m.p. 64r-66® (corresp. 2,4-dinitrophenylhydrazone, 
m.p. 96-97® (46)); and 28% yield p-hydroxy phenyl heptadecyl ketone, m.p. 87-89° 
corresp. 2,4-dimtrophenylhydrazone, m.p. 139.5-140" (45)); for study of influence upon 
o/p ratio of use of nitrobenzene or of CS2 as solvents see (46).] 

With ealts of organic acids. [Q with Ag stearate at 100" for 10 min. gives (47) stearic 
anhydride (1:4916), m.p. 71-72" (48), 71-71.6" (49), 70.7" (50), 70.6" (47), 70-71" (61), 
but the latter is usually prepd. from stearic acid (1:0660)^ by htg. with Ac^O (48) (49) 
(60X61).} . .. . 
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With esters. [C with ethyl sodio-acetoacetate refluxed 1 hr. under N 2 gives (68% 
yield <52} ) ethyl a-stearoylacetoacetate, m.p. 42^; note that this prod, with aq. NaOH 
splits off its acetyl group giving (74% yield <52)) ethyl stearoylacetate, m.p. 46.6® (corresp. 
copper enolate, m.p. 111-112®).] 

With Gnignard reagents. [C with fer-BuMgBr gives (28.6% yield <8)) <er-butyl ri-hep- 
tadecyl ketone, m.p. 44.8-45.1® (corresp. semicarbazone, m.p. 78.0-78.2®); note that low 
yield suggests probability that the RMgBr also acted as a reducing agent cf. corresp. 
behavior of lauroyl chloride (3:9858), but no study of such effect for this combination is 
reported. — C with cyclohexyl MgBr gives <8) cyclohexyl n-heptadecyl ketone.] 

[C with EtMgBr -f- CdCl 2 (53) or C with ZnEt 2 (54) gives (65% yield (53)) ethyl n-hep- 
tadecyl ketone (eikosanone-3) [Beil. 1-719, Ii-(374), l2-(774)], m.p. 60-61® (54), 69.6-60® 
(55), 57® (28), 54-65® (53) (corresp. oxime, m.p. 55.5-56.5® (54), semicarbazone, m.p, 
89-91® (53)).] 

With diazomethane. [C with CH 2 N 2 (2.2 moles) as directed gives (88.5% yield (16)) 
l-diazononadecanone-2, m.p. 69®, which in AcOH loses N 2 and esterifies giving (89% yield 
(16)) nonadecanon-2-yl-l acetate, m.p. 72®.] 

With amines. C with org. prim, amines yields the corresp. amides [e.g., C with p-cymi- 
dine (2-methyl-5-isopropylaniline) gives (56) stearo-(2-methy 1-5-isopropyl )anilide, m.p. 
93-94°; C with vanillylamine (4-hydroxy-3-methoxybenzylamine) gives (5) iV-(vanillyl)- 
stearamide, a-form, m.p. 94 5-95®, /9-form, m.p. 90.0-90.5®]. 

C on hydrolysis yields stearic acid (1:0660), m.p. 69-70®; for the amide, anilide, p-tolu- 
idide, and other derivatives corresp. to C see stearic acid (1:0660). 

3:9060 (1) Krafft, Biirger, Ber. 17, 1379-1380 (1884). (2) Gault, Ehrmann, Bull. aoc. chim. 
(4) 39, 876 (1926). (3) Ralston, Selby, J. Am. Chem. Soc. 61, 1019-1020 (1939). (4) Ott. 

Ziminermann, Ann. 426, 337 (1921). (5) Ford-Moore, Phillips, Bee. trav. chim. 63, 858 (1934), 

(6) Kabashima, Ber. 71, 1072 (1938). (7) Robinson, Roche, King, J. Am. Chem. Soc. M, 707 

(1932). (8) Strating, Backer, Rec. trav. chim. 66, 909, 914 (1936). (9) Fischer, Bergmann, 

Barwind, Ber. 53, 1597 (1920). (10) Fierz-David, Kuster, Helv. Chim. Acta 22, 89 (1939). 

(11) Averill, Roche, King, J. Am. Chem. Soc. 61, 868 (1929). (12) Naegeli, GrUntuch, Lendorff, 

Helv. Chim. Acta 12, 236-238 (1929). (13) Ralston, McCorkle, Vander Wal (to Armour and Co.), 

U.S. 2,262,431, Nov. 11, 1941; CA 36, 1513 (1942). (14) Biickel, Ger. 281,364, Jan. 2, 1915; 

Cent. 1915, 1 230; [C.A. 9, 2130 (1915)]. (15) Grundmann, Ann. 624, 31-32, 36-37 (1936). {16) 
Izard, Biochem. Z. 40, 403 (1912). (17) Escher, Helv. Chim. Acta 12. 37-38, 44--15 (1929). (18) 
Mikesa, Smith, Lieber, J. Org. Chem, 2, 500-504 (1938). (19) Prat, l^ticnno. Bud. soc. chim (5) 

11, 30-34 (1944); C A. 38, 6274 (1944). (20) Rosenmund, Ber. 61, 592 (1918); Ger. 333,154, 

Feb. 18, 1921; Cent. 1921, II 737; not in C.A. 

(21) Feulgen, Behrens, Z. physiol. Chem. 177, 221-230 (1928). (22) Aschan, Ber. 46, 1918 
(1912). (23) Schroeter, Ber. 42, 3359 (1909). (24) Piggott, Statham (to Imp. Chem. Ind. Ltd.), 

Brit. 485,761, Nov. 24, 1937; Cent. 1938, II 1676; [C.A. 32, 7926 (1938)]. (25) Seidel, Engelfried. 

Ber. 69, 2569, 2578-1579 (1936). (26) Adam, Proc. Roy. Soc. {London) A-103, 684 (1923). (27) 

Claus, Hafelin, J. prakt. Chem. (2) 64, 399 (1896). (28) Ryan, Nolan, Proc. Irish Acad. 30- B, 

1-7 (1912) ; Cent. 1913, II 2050; C.A. 7, 1712 (1913). (29) Williams, Dickert, Krynitsky, J. Am. 

Chem. Soc. 63, 2510-2511 (1941). (30) Gilman, Turck, J. Am. Chem. Soc. 61, 478-479 (1939). 

(31) Ralston, Christensen (to Armour and Co.), U.S. 2,039,837, May 5, 1936; Cent. 1937, I 
678; C.A. 30, 4239 (1936). (32) Ralston (to Armour and Co.), U.S. 2,089,154, Aug. 3, 1937; 

Cent. 1937, II 4240; C.A. 31, 6769 (1937). (33) Ralston, Christensen (to Armour and Co.), 
U.S. 2,162,970, June 26, 1939; CerU. 1939, II 3883; C.A. 33, 7815 (1939). (34) Krafft, Ber. 21. 
2268 (1888). (35) Ralston, Christensen, Ind. Eng. Chem. 29, 194-196 (1937). (36) Ralston, 

Christensen (to Armour and Co.), U.S. 2,033,544, March 10, 1936; Cent. 1936, II 897; [C.A. 30, 
3134 (1936)]. (37) Ralston, Vander Wal, Bauer, Segebrecht, Ind. Eng. Chem. 32, 99-100 (1940). 

(38) Nelles, Bayer (to I.G.), Ger. 642,147, Feb. 25, 1937; Cent. 1937, II 2597; C.A. 31, 3502 (1937) ; 
Brit. 461,080, March 11, 1937; Cent. 1937, II 2597; C.A. 31, 4676 (1937). (39) Kroeger, Sowa, 
Nieuwland, J. Org. Chem. 1, 163-169 (1936) . (40) Shonle, Row, J. Am. Chem. Soc. 43, 363 (1921) . 

(41) Brauns, J. Am. Chem. Soc. 42, 1479 (1920). (42) Marangoni, Atti iat. Veneto aci., Pt. S. 
Sci. mat. not. 97, 209-218 (1937/8) ; Cent. 1939, 1 95-96; C.A. 34, 6934 (1940), (43) Rosenmund. 
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Lohfert, Ber. 61, 2606 (1928). (44) Ralston, McCorkle, Bauer, /. Org, Chem. S, 668 (1940). 
(45) Ralston, Bauer, J. Org. Chem. 6, 165-170 (1940). (46) Ralston, Ingle, McCorkle, J. Org. 
Chem. 7, 457-461 (1942). (47) Whitby, /. Chem. Soc. 1926, 1462. (48) Holde, Ripper, Zadek, 
Ber, 57, 104 (1924). (49) Holde, Centner, Ber. 58, 1424 (1925). (60) Wallace, Copenhaver, 
J. Am. Chem. Soc. 68, 699 (1941). 

(51) Autenrieth, Thomae, Ber. 57, 429 (1924). (52) Bergel, Jacob, Todd, Work, J. Chem. Soc. 
1938, 1378. ^ (53) Gilman, Nelson, Rec. trav. chim. 55, 528-530 (1936). (54) Poniio, deCaspari, 
Qm, chim. ital. 29, I 474 (1899). (55) Seville, Shearer, J. Chem. Soc. 127, 693 (1925). (56) 

Hann. Jamieson, J. Am. Chem. Soc. 50, 1443 (1928). 



CHAPTER XXIII 


L INDEX OF COMPOUNDS ACCORDING TO EMPIRICAL 

FORMULA 

This Empirical Formula Index comprises four parts as follows: 

A. Compounds containing only carbon and chlorine. 

B. Compounds containing only carbon, oxygen, and chlorine. 

C. Compounds containing only carbon, hydrogen, and chlorine. 

D. Compounds containing only carbon, hydrogen, oxygen, and chlorine. 

Within each section the component individuals are arranged in groups 
according to increasing number of carbon atoms. Within each group of 
isomeric compounds the order of listing follows the sequence of the eight units 
comprising the Chemical Type Index. 


A. COMPOUNDS CONTAINING ONLY CARBON AND CHLORINE 


Cl GROUP 

CCI 4 MW.= 153.8 Cl=92.2% 

Carbon tetrachloride 3:5100 

C2 GROUP 

C 2 CU M.W. = 94.9 Cl = 74.7% 

Dichloroacetylene 3:5010 

C 2 CI 4 M.W. = 165.8 Cl = 85.5% 

Tetrachloroethylene 3:54M 

C 2 CI 6 M.W. = 236.8 Cl = 89,9% 

Hexachloroethane 3:4835 

C3 GROUP 

CsCL M.W. = 248.8 Cl =85.5% 

Hexachloropropene 3:6370 

CsClg M.W. = 319.7 Cl=88.7% 

Octachloropropane 8:4450 


C4 GROUP 

C 4 CI 2 M. W. = 1 19.0 Cl = 59.6% 

l,4<Dichlorobutadi>yne>l,3 3:fl 

C 4 CI 6 M.W. = 260.8 Cl = 81.6% 

Hexachlorobutadiene-1,3 3:6435 

Cfi GROUP 

CftClg M.W. = 343.7 Cl=82.5% 

Octachlorocyclopentene 3:0423 

C(, GROUP 

CeClg M.W. = 284.8 Cl = 74.7% 

Hexachlorobenzene S:40M 

Cio GROUP 

CioClg M.W.=403.8 Cl=70.3% 

Octachloronaphthalene 3:4803 


B. COMPOUNDS CONTAINING ONLY CARBON, OXYGEN, AND CHLORINE 


Cl GROUP 
COCI 2 M.W. = 98.9 

Carbonyl chloride (phosgene) 

C2 GROUP 
C 2 OCI 4 M.W. = 181.8 

Trichloroacetyl chloride 


Cl=71.7% 

3:5000 


Cl =78.0% 
3:5 ‘ 


CaOaCh M.W. = 126.9 

Oxalyl (di) chloride 


Cl«55.9% 

3:5060 


C2O2CI4 M.W. - 197.8 Cl= 71.7% 

Trichloromethyl chloroformate 
• (diphosgene) 3:5515 
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Ca GROUP 

CtOCU M.W.« 193.9 Cl=73.2% 

Triohloroacryloyl chloride 3:5845 

CsOCU M.W.* 124.1 Cl=58.1% 

Hexaohloroacetone 3 : 6313 

Pentachloropropionyl chloride 3:0470 

C«OjCl« M.W. = 280.8 Cl = 75.8% 

Trichloromethyl trichloroacotate 3 : 0390 

CaOaCU M.W. = 296.8 Cl =71.7% 

Di-(trichloromethyl) 

carbonate (triphosgene) 3:1915 

C 4 GROUP 

C40C1« M.W. = 276.8 Cl =76.9% 

Di-(trichlorovinyl) ether 3:6373 

C 4 OCI 10 M.W. = 418.6 Cl = 84.7% 

DecacUorodiethyl ether 3:1676 

C40aCl4 M.W. = 221.9 Cl = 63.9% 

Dichloromaleyl (di) chloride 3:6197 

C 4 OJCI 2 M.W. = 167.0 Cl = 42.5% 

Dichloromaleic anhydride 3 : 36^ 


C40aCl6 M.W. = 308.8 Cl= 68.9% 

Trichloroacetic acid anhydride 8:6575 

C« GROUP 

CeOCle M.W. = 300.8 Cl=70.0% 

* * Hexachlorophenol ” 3 : 31M 

CeChCU M.W. = 245.9 Cl= 57.7% 

Tetrachlorobcnzoquinone- 1,2 3 : 39M 

Tetrachlorobcnzoquinone- 1 ,4 

(chloranU) 3:4978 

CeOaCle M.W. = 316.8 01=67.2% 

2,3,5,5,6,6-Hexachloro- 

cyclohexen-2-dione-l,4 3 : 3360 

* ‘Hexachlororesorcinol’ * 3 : 3470 

C7 GROUP 

CtOCU M.W. = 312.8 Cl=68.0% 

Pentachlorobenzoyl chloride 3:3395 

Cg GROUP 

C 8 O 3 CI 4 M. W. = 285.9 Cl = 49.6% 

Tetrachlorophthalic anhydride 3:4947 


C. COMPOUNDS CONTAINING ONLY CARBON, HYDROGEN, AND 

CHLORIDE 

Cl GROUP CzHjCl M.W.= 62.5 Cl=56.7% 

CHCla M.W. = 119.4 Cl=89.1% Vinyl chloride 3:7010 


Chloroform 3 : 5050 

CH 2 CI 2 M.W. = 84.9 Cl=83.5% 

Methylene (di)chloride 3:50^ 

CHaCl M.W. = 50.5 Cl=70.2% 

Methyl chloride 3 : 7005 

C 2 GROUP 

CaHCl M.W. = 60.5 Cl=58.6% 

Chloroacetylene 3 : 7000 

CaHCla M.W. = 131.4 Cl=81.0% 

Trichloroethylene 8:5170 

CaHCU M.W. = 202.3 Cl=87.6% 

Pentachloroethane 8:5880 

CaHaCla M.W. = 97.0 a=73.1% 

1. 1- Dichloroethylene 

(vinylidene (di) chloride) 3:5005 

1.2- Dichloroethylene (cw form) 3:5043 

1.2- DicUoroethylene (tram form) 8:5038 

1 . 2- Dichloroethylene (ord. mixt.) 8 : 50M 

CiHjGU M.W. = 167.9 Cl=84.6% 

1.1.1.2- Tetrachloroethane 8:5555 

1.1.2.2- Tetrachloroethane 8:5750 


C 2 H 5 CI 3 M.W. = 133.4 Cl= 79.7% 

1,1, l-Trichloroethane 3 : 50M 

1,1,2-Trichloroethane 3:5330 

C 2 H 4 CI 2 M.W. =99.0 Cl =71.7% 

1.1- Dichloroethane 3:50^ 

1.2- Dichloroothane 3 : 5130 

CaHfiCl M.W. = 64.6 Cl=55.1% 

Ethyl chloride 3:7015 

Ca GROUP 

CaHCle M.W. = 214.3 Cl = 82.7% 

1. 1.2.3.3- Petachloropropene-l 8 : 6075 

C 3 HCI 7 M.W. = 285.2 Cl = 87.0% 

1. 1. 1.2.2.3.3- Heptachloropropane 3 : 0300 

1.1. 1.2.3.3.3- Heptachloropropane- 3 : 6860 

CjHaCU M.W. = 179.9 Cl = 78.8% 

1 ,2,3,3>Tetrachloropropene-l 8 : 59!M 

C»H2C1. M.W. = 250.8 Cl«84.8% 

1.1.1.2.3.3- Hexachloropropane 8:84M 

1. 1.2.2.3.3- Hexaohloropropane 3 : 6535 

CsHaCl M.W. =74.6 

3-CUoroprop3aie-l 


Cl=47.6% 

8:7100 
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CsHsCl* M.W.« 146.4 01*73.1% C 4 H,Cl 8 M.W.*333.8 01*86.0% 

l,li2-Trichloropropene-l 3:6396 14i2,2,3,3,4,40ctachlorobutaae 3:39M 

1.2.3- Trichloropropene-l 3:66M 

3,3^3-Trichloropropene<l 3:6346 O 4 H 8 OI M.W.*80.5 01*41.0% 

l-Ohlorobuten-S-yne-l 3 : 7079 

CJELiCU M.W.*216.3 01*82.0% 

1.1.1.2.3- Pentachloropropane 3:4740 04 H* 0 U M.W.* 167.4 01*67.6% 

1. 1.2.3. 3- Pentachloropropaiie 3:6280 l,2,3-Trichlorobutadiene-l,3 3:0062 


C8H4a2 M.W.* 111.0 01*63.9% 04H*0U M.W.* 228.4 01*77.6% 

1.1- Dichloropropene-l 3:6120 l,l,l,4,4-Pentachlorobutene-2 3:0064 

1 . 2- Diohloropropene- 1 

Higher*boiling isomer 3:6160 O 4 H 8 OI 7 M.W. *299.3 01*82.9% 

l,2>Dichloropropene-l 1,1,2,2,3,4,4-HeptaohIorobutane 3:9060 

Lower-boiling isomer 3:6110 

1.3- Dichloropropene-l 3:6280 O 4 H 4 OI 2 M.W. *123.0 01*67.7% 

2.3- Dichloropropene-l 3:6190 1,2-Dichlorobutaidieno-1,3 3:9067 

3.3- Dichloropropene-l 3:6140 2,3-Dichlorobutadiene-l,3 3:6220 


O 8 H 4 OI 4 M.W.* 181.9 01*78.0% 

1. 1. 1.2- Tetrachloropropane 3 : 67^ 

1.1.2.2- Tetracliloropropano 3:5826 

1.1.2. 3- Tetrachloropropane 3 : 6036 

1.2.2. 3- Tetrachloropropaue 3 : 6896 

OsHiOl M.W. = 76.5 01*46.3% 

1- Ohloropropene-l 3 : 70^ 

2- Oliloropropene-l 3:70SMI 

3- Ohloropropeue-l (allyl chloride) 3:7036 

OsHfiOla M.W = 147.4 01 = 72.1% 

1.1.1- Trichloropropane 3:6270 

1.1.2- Trichloropropane 3:6630 

1 . 1 .3- Trichloropropane 3 : 6660 

1.2.2- Trichloropropane 3:6476 

1 .2.3- Trichloropropane 3 : 6840 

O 8 H 6 OI 2 M.W.* 113.0 01*62.8% 

1 . 1- Dichloropropane 3 : 72M 

1.2- Dichloropropane 3:6200 

1 .3- Dichloropropane 3 : 5460 

2,2-Dichloropropane 3 : 7140 

OsHtOI M.W.*78.6 01*45.1% 

1- Ohloropropaiie 3 : 7040 

2- Ohloropropane 3:7026 


C 4 GROUP 

O 4 HOU M.W. *226.3 01*78.3% 

1 , 1,2,3,4-Pentachlorobutadiene-l ,3 3 ; 9044 


O 4 H 4 OI 4 M.W.* 193.9 01*73.1% 

1.3.4.4- Tetrachlorobutene-l 3:90M 

2.3.3.4- Tetrachlorobuteiie-l 3:0060 

O 4 H 4 OI 6 M.W.*264.8 01*80.3% 

1.1.2.3.4.4- Hexachlorobutane 3:31M 

O 4 H 4 OI M.W.* 88.6 01=40.1% 

4-Ohlorobutadiene-l,2 3:7226 

1- Ohlorobutadiene-1,3 3:7210 

2- Ohlorobutadiene-l .3 3 : 7080 

(Ohloroprene) 

l-Ohlorobutyno-2 3:7176 

O 4 H 6 OIS M.W. * 159.5 01 * 66.7% 

1 .2.4- Trichlorobutene-2 3 : 9062 

2.3.4- Trichlorobutene-2 3 : 9064 

1 . 1 .3- Trichloro-2-methylpropene-l 3 : 6026 

3.3.3- Trichloro-2-methylpropene-l 3 : 6606 

1 .3- Dichloro-2- (chloromethyl)- 

propene-1 3:9066 

O 4 H 5 OI 6 M.W. *230.4 01*77.0% 

1 . 1 .2.3.4- Pentaclilorobutane 

^lid isomer 3:0760 

Liquid isomer 3:9068 

1.2.2.3.4- Pentachlorobutane 3 : 9070 

1.1.1 .2.3- Pentachloro-2- 

methylpropane 3:1266 

1, l,2,3-Tetrachloro-2-(chloro- 
methyl) propane 3 ; 9072 


O 4 H 2 OI 4 M.W.*191.9 01*73.9% C4H«Cl2 M.W.*125.0 01*66.7% 

l, 2 , 3 , 4 -Tetrachlorobutadiene-l ,3 1,3-Dichlorobutone-l 3:7660 

Solid isomer 3:0870 2,3-Dichlorobutene-l 3:0074 

Liquid isomer 3:6150 3,4-Dichlorobutene-l 3:6360 


C4H,01« M.W. = 262.8 01*81.0% 

l,l,2,3,4,4-Hexachlorobutene-2 


l^iid isomer 8 : 1946 

Liquid isomer 3:9046 

Hexachlorobutene-X 3:9048 

Hexaohlorobutene-Y 3:9060 


1.1- Dichlorobutene-2 8:7086 

1.2- Dichlorobutene-2 

Higher-boiling isomer 3 : 6616 

Lower-boiling isomer 3:6360 

1 .3- Diclilorobutene-2 3 : 6660 

l,4<Dichlorobutene-2 8:6726 



1362 


EMPIRICAL FORMULA INDEX 


2.3- Dichlorobutene-2 
Higher-boiling isomer {trana) 
Lower-boiling isomer (cia) 

1, l-Dichloro-2-methylpropene-l 

1.3- Dichloro-2-methylpropene-l 

3.3- Dichloro-2-methylpropene-l 
3-Chloro-2-(ohloromethyl)- 

propene-l 

CJIeCU M.W. = 196.9 

1 4 • 1 • 2-Tetraohlorobu tane 

1 .2.2.3- Tetrachlorobutane 

1.2.3.3- Tetrachlorobutane 

1 .2.3.4- Tetraohlorobutane 
Solid isomer 

Liquid isomer 

1.1. 1 .2- Tetrachloro-2- 
methylpropane 

1.1 .2.3- Tet^achlo^o-2- 
methylp^opane 

1 . 1 .3- Trichloro-2- (chloro- 
methyl) propane 

1.2.3- Trichloro-2-(chloro- 
methyl) propane 

C4H7CI M.W. = 90.6 

1- Chlorobutene-l 

2- Chlorobutene- 1 

3- Chlorobutene>l 

4- Clilorobutene-l 

1- Chlorobutene-2 

2- Chlorobutene-2 

l-Chloro-2-methylpropene-l 
(isocrotyl chloride) 

3- Chloro-2-methylpropene-l 
(methallyl chloride) 

C4H7CI, M.W.« 161.6 

1. 1.3- Trichlorobutane 

1.2.3- Trichlorobutane 

2.2.3- Trichlorobutane 

1 . 1 .2- Trichloro-2-methylpropane 

1 .2.3- Trichloro>2-methylpropane 

C4H8CI2 M.W.« 127.0 

1 . 1- Dichlorobutane 

1 .2- DiGhlorobutane 

1 .3- Dichlorobutane 

1 .4- Dioblorobutane 

2.2- Diohlorobutane 

2.3- Diohlorobutane 

(racemic) isomer 
meao isomer 

1.1- Dichloro-2-methylpropane 

1.2- Dichloro-2-methylpropane 

1.3- Dichloro-2-methylpropaiie 



C4H9CI M.W.*92.6 

Cl=38.3% 

3:7395 

1-Chlorobutane 

3:7160 

3:5639 

2-Chlorobutane 

8:7125 

3:6800 

l-Chloro-2-methylpropane 

8:7135 

8:5590 

2-Chloro-2-methylpropane 

8:7045 

8:7480 

3:5633 

C6 GROUP 
CfiHaCla M.W. = 137.0 

Cl-61.8% 

Cl *72.4% 

l-Chloro-2-(chloromethyl)- 

butadiene-1.3 

S:»1>S 

3:5622 

3:9078 

C6H7CI M.W. = 102.6 

Cl =34.6% 

8:9080 

l-Chloro-3-methylbutadiene-l,2 

8:7390 

3:1760 

3-Chloropentadiene-l ,3 

3:7360 

3:9082 

l-Chloro-2-methylbutadiene-l ,3 

3:9200 


3-Chloro-2-methylbutadiene-l ,3 

3:7290 


l-Chloro-3-methylbutadiene-l ,3 

3:7355 

3:4725 


3-Chloro-3-methylbutyne-l 

3:7155 

3:6165 

3:0084 

CftHyCla M.W. = 173.6 

Cl=61.3% 

1 ,3-Dichloro-2-(chloro- 


methyl) butene-1 

3:9201 

3:6335 

Cl =39.2% 

CfiH/CU M.W.=244.4 

Cl=72.5% 

3,3,4.4,4-Pentachloro-2- 

methylbutane 

3:7110 

3:6725 

3:7075 

3:7090 

CsHgCb M.W.= 139.0 

Cl=51.0% 

8:7151 

2,6-Dichloropentene-2 

3:9202 


3,4-Dichloropentene-2 

3:8045 

3:7205 

3:7105 

3,3-Dichloro-2-methylbutene-l 

3:7690 


3-Chloro-2-(chloromethyl)- 

butene-1 

3:9206 

3:7120 


1 ,3-Dichloro-2-methylbutene-2 

3:8170 

3:7145 

1.4-Dichloro-2-methylbutene-2 

3:9204 

Cl =66.9% 

CtHgCU M.W. = 209.9 

Cl =67.6% 

3:9086 

1 ,2,3-Trichloro-2-(chloro- 

3:5935 

methyl) butane 

3:5230 

3:5680 

1 ,3-Dichloro-2,2-6i8-(chloro- 



methyl) propane 

3:2675 

3:5710 

3:5886 

CjH 9C1 M.W. = 104.6 

Cl =33.9% 

1-Chloropentene-l 

3:7420 

Cl=66.8% 

3:7550 

3:7680 

3:7925 

2-Chloropentene-l 

3:7280 

3-Chloropentene- 1 

3:7260 

4-Chloropentene-l 

3:7350 

6-Chloropentene-l 

8:7410 

~:5835 

l-Chloropentene-2 

8:7470 

:7415 

2-Chloropentene-2 

8:7285 

:7615 

3-Chloropentene-2 

3:7240 

4-Chloropentene-2 

3:7400 

:7580 

6-Chloropentene-2 

3:7455 

8:7425 

l-Chloro-2-methylbutene-l 

8:7303 

8:7480 

2-(Chloromethyl) butene-1 

3:9214 

8:7960 

3-Chloro-2-methylbutene-l 

3:7800 
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l-Cbloro-3-methylbutene-l 

3:7216 

l-Chloro-2-methylbutene-2 

3:7486 

3-Chloro-2-methylbutene-2 

3:7386 

4-Chloro-2-methylbutene-2 

3:7466 

Chlorocyclopentane 

3:7646 

CsHiCU M.W. = 175.6 

Cl = 60.6% 

1 , 2, ^Trichloro-2-methylbutane 

3:6100 

2,3,3-Trichloro-2-methylbutane 

3:4766 

4,4,4-Trichloro-2-methylbutane 

3:0216 

1 , 3-Dicbloro-2-(chloro- 


methyl) butane 

3:9218 


l,2>Dichlorobensen6 8:63M 

1.3- Dichloroben2ene S:8fM 

1.4- Diolilorobensene 8:M80 

C^HbCI M.W.= 112.6 Cl =*31.6% 

3-Chlorohexatetraene-l ,3,4,5 3 : 77^ 

Chlorobenzene 8 : 7903 

CeHsCU M.W. =» 183.6 Cl « 68.0% 

3.4.6- Trichlorohexatriene-l,2,4 3 : 93^ 

CeHeCla M. W. = 149.0 Cl *= 47.6% 

3.6- Dichlorohexatriene-l ,3,4 3 : 93M 


CsHioCl, M.W. = 141.0 

Cl=50.3% 

1 , 1-Dichloropentane 

3:8016 

1 ,2-Dichloropentane 

3:8140 

1 ,3-Dichloropentane 

3:9220 

1 ,4-Dichloropentane 

3:0224 

1 ,6-Dichloropentane 

3:8676 

2,2-Dichloropentane 

3:7766 

2,3-Dicbloropentane 

3:8010 

2,4-Dichloropentane 

3:8120 

3,d-Dichloropentane 

3:7896 

l,2-Dichloro-2-methylbutane 

3:7020 

l,3-Dichloro-2-methylbutane 

3:9228 

1 ,4-Dichloro-2-methylbutane 

3:8360 

2,3-Dichloro-2-methylbutane 

3:7076 

2,4-Dichloro-2-methylbutane 

3:8106 

3,3-Dichloro-2-methylbutane 

3:0230 

3,4-Dichloro-2-methylbutane 

3:8076 

4,4-Dichloro-2-methylbutane 

3:7886 

CbHiiCI M.W. = 106.6 

Cl -=33.3% 

1-Chloropentane 

3:7460 

2-Chloropentane 

3:7326 

3-Chloropentane 

3:7330 

l-Chloro-2-methylbutane 

3:7346 

2-Chloro-2-methylbutane 

3:7220 

3-Cliloro-2-methylbutane 

3:7276 

4-Chloro-2-methylbutane 

3:7366 


CeH«Cl4 M.W.*=219.9 Cl««64.6% 

1,3,4, 6*Tetrachlorohezadiene-2,4 3 : 93M 


CftHeCle M.W. = 290.8 Cl =73.1% 

1 .2.3.4.5.6- Hexachlorohexene-3 3 : 1220 

1 .2.3.4.5.6- Hexachlorocy clohezane 

Higher-melting isomer (<ran«) 3:4990 

Lower-melting isomer (ci«) 3:4410 

CeHTClt M.W. = 186.6 Cl = 67.4% 

3.3.6- Trichlorohezadiene-l ,4 3 : 9308 

CeHgCli M.W.= 151.0 Cl«47.0% 

l,3-Dichlorohexadiene-2,4 3:9310 

CbHbGI M.W.»X16.6 Cl=30.4% 

3-Chlorohexadiene-l,3 3 : 9312 


l-Chloro-3-methylpentadiene-l,2 3:9314 

1- Chloro-3-methylpentadiene-l ,3 3 : 9310 

2- Chloro-3-methylpentadiene-l,3 3:9318 

l-Chlorohexyne-l 3:9820 

3- Chloro-3-methylpentyne-l 3:9822 

4- Chloro-4r-methylpentyne-2 3:9824 

C«H»Ch M.W.= 187.6 Cl- 66.7% 

1,1,2-Trichlorohexene-l 8:98!M 


l-Chloro-2,2-dimethylpropane 3 : 7200 

Ce GROUP , 

CeHCU M.W. = 260.4 Cl = 70.8% 

Pentachlorobenzene 3:2200 

CeHaCU M.W.-216.9 Cl«65.7% 

1.2.3.4- Tetrachlorobenzene 3:06^ 

1.2.3.5- Tetrachlorobenzene 3:0916 

1.2.4.6- Tetrachlorobenzene 3:4116 

CeHsCl* M.W. = 181.6 Cl- 58.6% 

1.2.3- Trichlorobenzene 8:0900 

1 .2.4- Trichlorobenzene 8 : 6420 

1 .3.6- Trichlorobenzene 8 : 1400 

CelLa# M.W.« 147.0 Cl-48.2% 

3.4- Diohloroh6zatetraene-l ,2,4,6 3 : 0300 


CsHgCU M.W. = 258.4 

Cl-68.6% 

1, 1, 1,2,2-Pentachlorohezane 

3:9828 

C,HioCla M.W. = 153.1 

Cl-46.3% 

1 ,2-Diohlorohezene-l 

3:9880 

CeHioCU M.W. -224.0 

Cl- 63.3% 

1,1,2,2-Tetrachlorohezane 

3:9832 

CeHua M.W. = 118.6 

Cl- 29.9% 

1-Chlorohexene-l 

8:7680 

2-Chlorohexene-l 

8:7680 

3-Chlorohexene-l 

8:9334 

4-Chlorohexene-l 

8:7066 

6-Chlorohezene-l 

8:7066 

l-Chlorohexene-2 

8:7020 

4-Cblorohezene-2 

. 8:7076 
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l-Chlorohexbne~3 

3*Ghloroh6xene-3 

ii 

3- Chloro-2-methylpentene-l 

4- Chioro-4>metl^lpentene-l 

3:7666 

8:7500 

6-Chloro-2-methylpentene-2 

4-Chloro-3-methylpentene-2 

8:7815 

8:8338 

2-Chloro-3,3-dimethylbutene-l 

l-Chloro-2,3-dimethylbutene-2 

3:7340 

3:7520 

Chlorocyclohexane 

3:8040 

C«Ki*Cla M.W.» 166.1 

1 .2- Dichlorohexane 

1 , 6-Dichlorohexane 

1.6- Dichlorohexane 

2.2- Dichlorohexane 

2.3- Dichlorohexane 

2.6- Dichloroh6xane 

3.4- Dichlorohexane 

0 

2,3-Dichloro-2-methylp6ntan6 

2,6-Dichloro-2-methylpentane 

3:8346 

3:8540 

3,3*Diohloro-2,2-dimethylbutane 

3:4325 

4,4-Dichloro-2,2>dimethylbutane 

3:8132 

2,3>Diohloro>2,3-dimethylbutane 

3:4520 

CeHwCl M.W. = 120.6 

I-Chlorohexane 

2>Chlorohexane 

3-Chlorohexane 

Cl=29.4% 

3:7855 

3:7715 

3:7670 

l<Chloro-2-methylp6ntane 

2- Chloro-2-inethylpentane 

3- Chloro-2-methylpentane 

4- Chloro-2-methylpentane 
6>Chloro>2-methylpentane 

3:7563 

3:7480 

3:7565 

3:7485 

3:7685 

1- Chloro-3-methylpentane 

2- Chloro-3-methylpentane 

3- Chloro-3*methylpentane 
3-(Chlorom6thyl) pentane 

3:8848 

3:8350 

3:7585 

3:7720 

l-Chloro-2,2-dimethylbutane 

3-Chloro-2,2-dimethylbutane 

4>Chloro>2,2-dimethylbutane 

3:7580 

8:7475 

8:7555 

2*Chloro-2,3-dimethylbutane 

3:7600 

C7 GROUP 


C 7 HCI 7 M.W.* 333.3 

Pentaohlorobenial (di) chloride 

Cl*74.6% 

3:8580 

C7H*C1s M.W.* 298.8 

2,6,4,6-Tetraohlorobenzal ' 

’ (di)dhloride 

Cl -71.2% 

8:8887 


2,3,4i6-Tetrachloroben»al 

(di) chloride 8 : 6880 

2.3.5.6- Tetrachlorobeiusal 

(di) chloride 8:6880 

CtHiCU M.W. = 264.4 C1«67.1% 

2.3.4.5.6- Pentachlorotoluene 8 : 4887 

2.3.4- Trichlorobenzal (di) chloride 8:2212 

2.3.6- Trichlorobenzal (di) chloride 8:2178 

2.4.5- Trichlorobenzal (di) chloride 8:6810 

2.4.6- Trichlorobeiizal (di) chloride 3:0142 

C 7 H 4 CI 4 M.W. = 230.0 Cl«61.7% 

2.3.4.5- Tetrachlorotoluene 8 : 2710 

2.3.4. 6- Tetrachloro toluene 8 : 2480 

2.3.5.6- Tetrachlorotoluene 8:2575 

2.4- Dichlorobenzal fdi) chloride 8:8888 

2.5- Dichlorobenzal (di) chloride 8:0480 

2.6- Dichlorobenzal (di) chloride 8:8388 

3.4- Dichlorobenzal (di) chloride 8:6876 

3.5- Dichlorobenzai (di) chloride 8:0370 

2- Chlorobenzotrichloride 8 : 6880 

3- Chlorobenzotrichloride 3:6845 

4- Chlorobenzotrichloride 3 : 6825 

CjK,CU M.W. = 195.6 Cl*64.4% 

2.3.4- Trichlorotoluene 8:0425 

2.3.5- Triclilorotoluene 8:0610 

2.3. 6- Trichlorotoluene 8 : 0625 

2.4.5- Trichlorotoluene 8 : 2100 

2.4.6- Trichloi:otoluene 8:0380 

3,4, 5-Trichloro toluene 8 : 0580 

2.6- Dichlorobonzyl chloride 3:0410 

3.4- Dichlorobenzyl chloride 8:6785 

3.5- Dichlorobenzyl chloride 8 : 0850 

2-Chlorobonzal (di) chloride 3:6625 

3>Chlorobonzal (di) chloride 8:6710 

4-Chlorobenzal (di) chloride 8:6700 

Benzotrichloride 3:6540 

CrHflCla M.W. = 161.0 Cl*44.0% 

2.3- Dichlorotoluene 3 : 6345 

2,4>Dichlorotoluene 3:6280 

2.5- Dichlorotoluene 8:6245 

2.6- Dichlorotoluene 8:6270 

3.4- Dichlorotoluene 8:6355 

3. 5- Dichlorotoluene 8 : 6310 

2>Chlorobenzyl chloride 8:6400 

3>Chlorobenzyl chloride 8:6445 

4-Chlorobenzyl chloride 8:0220 

Benzal (di) chloride 8:6827 

C 7 H 7 CI M.W.=«126.6 Cl-28.0% 

2- Chlorotoluene 8:8245 

3- Chlorotoluene 8 : 81^5 

4- Chlorotoluene 8:SS87 
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Beniyl chloride 


C7H*C1 M.W.* 128.6 

6-Chloro-6-methylhexen-l-yne-3 

Cl *27.6% 

3:9462 

C 7 H 11 CI M.W.* 130.6 

4-Chloroheptadiene>l ,6 

Cl*27.1% 

3:8085 

l-Ch]oro-3-ethylpentadiene> 1,2 

3:9406 

1-Chloroheptyne-l 

3:8032 

l-Chloro-3-ethyIpentyne-l 

3:9410 

C 7 H 48 CI M.W.* 132.6 

l«Cldoroheptene-l 

2 - Chloroheptene-l 

3- Chloroheptene- 1 

Cl *26.7% 
3:8219 
3:7988 
3:9412 

4>Chloroheptene-2 

3:8050 

4-Chloroheptene-3 

3:8023 

4-Chloro-5-methylhexene-l 

3:7730 

4-Chloro-3-methylhexene-2 

4-Chloro-5-methylhexene-2 

4-Chloro>2,4-dimethylpentene>l 

3:9414 

3:7890 

3:7725 

3- Chloro-2,4-dimethylpentene-2 

4- Cliloro-2,4-dimethylpentene-2 • 

3:7605 

3:9418 

C 7 H 14 CI 2 M.W. = 169.1 

1 , l-Dichloroheptane 

1 ,2-Dichloroheptane 

1 , 7-Dichloroheptane 
2,2*Dichloroheptane 
4,4-Dicliloroheptane 

Cl=41.9% 

3:8650 

3:9420 

3:9422 

3:9424 

3:9426 

4,5-Dichloro>2,2-dimethylpentane 

3:8516 

2,4-Dichloro-2,4<dimethylpentaiie 

3,3-Dichloro-2,4-dimethylpentane 

3:9428 

3:7610 

l,5-Dichloro-3,3-dimethylpentane 

3:9430 

C 7 H 16 CI’ M.W. = 134.7 

1 - Chloroheptane 

2 - Chloroheptane 

3- Chloroheptane 

4- Chloroheptaiie 

Q 

iiiil 

2-Chloro>2-methylhexane 

5-Chloro-2-methylhexane 

3:7945 

3:7985 

l-Chloro-S-methylhexane 

2>Chloro>3-methylhexane 

3- ChloFO-3-methylhexane 

4- Chloro-3*m6thylh6xane 

3:8155 

3:9434 

3:7950 

3:9436 

2- Chloro-3-ethylpeiitane 

3- Chloro-3-ethylpentane 

3:9438 

3:8055 


4-Chloro-2,2-dimethylp6zitane 

3:9440 

2-Chloro-2,3-dimethylpentane 

3:9442 

3-Chloro-2,3-Klimethylpentane 

3:7970 

6-Chloro-2,3-dimethylpeiitane 

3:8153 

2-Chloro-2,4-dimethylpeiitane 

3:7750 

3-Chloro-2,2,3-trimethylbutane 

3:4020 

Cs GROUP 

CsHjCl M.W.* 136.6 

Cl*26.1% 

cu-Chlorophenylacetylene 

3:9494 

o-Chlorophenylacetylene 

3:9497 

m-Chlorophenylacetylene 

3:9500 

p-Chlorophenylacetylene 

3:0590 

CgHyCl M.W.* 138.6 

Cl *26.6% 

a-Chlorovinylbenzene 

3:8715 

^-Chlorobinylbenzene 

3:8717 

CgHgCh M.W.* 176.1 

Cl=40.5% 

Styrene dichloride 

3:6685 

o-Xylylene (di) chloride 

3:1040 

m-Xylylene (di) chloride 

3:0310 

p-Xylylene (di) chloride 

3:2825 

CgHgCl MW. *140.6 

Cl* 26.2% 

3>Chloro-l ,2>dimethylbenzene 

3:8645 

4-Chloro-l ,2-<limethy Ibenzene 

3:8675 

2 ^hloro-l ,3-<limethylbenzene 

3:8590 

4-Chloro- 1 ,3-dixnethylbenzene 

3:8665 

5-Chloro> 1 ,3-dimethylbenzene 

3:8640 

2 -Chloro-l ,4rdiinethylbenzene 

3:8600 

2*Chloroethylbenzene 

3:8550 

4-Chloroethylbenzene 

3:8570 

2 -Methylbenzyl (o-xylyl) 

chloride 

3:8710 

3-Methylbenzyl (w-xylyl) 
chloride 

3:8700 

4-Methylbenzyl ( 2 >-xylyl) 
chloride 

3:8660 

a-Chloroethylbenzene 

3:8667 

/3>Chloroethylbenzene 

3:8712 

CgHijCla M.W.* 179.1 

Cl *39.6% 

2,6*Dichloro-2,5-dimethylhexyne-3 3 : 9504 

CgHiiCl M.W.* 144.6 

Cl *24.6% 

3-CUoro-octadiene-l,3 

3:9500 

l-Chloro-octyne-l 

3:9510 

l-Chloro-octyne-2 

3:9514 

3 -Chloro- 3 -methylhept 3 me -4 

3:9510 
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CsHuCl M. W. « 146.7 Cl « 24.2% 


2>Chloro-octene-l 3:8346 

3-Chloro-ootene-l 3:6618 

2-Chloro-octene>2 3:8346 

4>Chloro-octene-2 3 : 8186 


2- Chloro-3 ,4-dimethylhexane 3 : 6668 

4-(Chloromethyl) -3-methylhexane 3 : 6666 

3- Chloro-3-ethyl-2-methylpeiitane 3 : 8316 

4- Chloro*2,2,4-trixnethylpentane 3 : 8113 


4-Chloro-octene-4 3 : 8236 

4-Chloro-6>methylhepteno- 1 3 : 8266 

6-Chloro-2-methy lheptene-2 3 : 6626 

4-Chloro-3-methylhoptene-2 3:6624 

4*ChlorO'6>methylheptene-2 3:6626 

5>Chloro-4-metliylheptene-3 3 : 6626 

4-Chloro-2,5-dimethylhexene-2 3:6626 

4-Chloro-3,5-dimethylhexeiie-2 3:6628 

2-Chloro-2,5-dimethylhexene-3 3 : 6627 

1- Chloro4-ethylhexene-3 3:8616 

2- ChIoro-3-ethyl-3-methyl- 

pentene-1 3:8115 

C8H16CI2 M. W. = 183. 1 Cl = 38.7% 

1 ,6-£>ichlor(M)ctane 3 : 6636 

1 , 7>Dichloro-octane 3 : 6632 

1 ,8-Dichloro-octane 3 : 8865 

2,2-Dichloro-octane 3:8676 


l-Chloro-2,2,3.3-tetramethyl- 
butane 3:6645 

C0 GROUP 

CgH^Cl M.W. = 152.6 Cl*23.2% 

1- Chloro-l-phenylpropene-l 3 : 6664 

2- Chloro-l“phenylpropene-l 3 : 6666 

3- Chloro-l-phenylpropene-l 3 : 6616 

l-ChIoro-2-phenylpropene- 1 3 ; 8742 

1- Chloro-3-phenylpropene-l 3 : 8737 

2- Chloro-3-phenylpropene-l 3 : 6668 

C9H11CI M.W. = 154.6 Cl=*22.9% 

7-Phenyl-n-propyl chloride 3:8777 

4- Cliloro-isopropylbenzene 3 : 8765 

a-Chloro-isopropylbenzene 3 : 6616 

2-ChIoro-l ,3,5-trimethylbenzene 3 : 8725 

C»Hi 6C1 M.W.« 158.7 Cl«22.4% 

2-CIiloro-6-iiiethyl-5-methyl- 
eneheptene*2 ^ 3:6614 

1- Chlorononyne-l 3 : 6618 

2- Chloro-2-inethyloctyne-3 3 : 6622 


4-Chloro-3- (chloromethyl) heptane 3 : 6534 

2,5-Dichloro-2,5Hiimethylhexane 3 : 1566 

3,4-Dichloro^,4-dimethylhexane 3 : 8315 

3,3-Dichloro-2, 2,4-trimethylpentane 3 : 6536 

CsHnCl M.W. = 148.7 Cl =23.9% 

l-Chloro<octane 3:85^ 

2^hloro>octane 3:8378 

4-Chloro-octane 3 : 6638 


CbHivCI M.W. = 160.7 Cl = 22,l% 

4-Chloro-7-methyloctene-2 3 : 661% 

6-Chloro-4-methyloctene-3 3 ; 6624 

4-Chloro>3,6-dimethylheptene-2 3:6636 

C9H18CI2 M.W. = 197.1 Cl=36.0% 

1,2-Dichlorononane 3:6632 

1,9-Dichlorononane 3:8886 


2,6-Dichloro-2,6>dimethylheptane 3 : 6455 


2- Chloro-2-methylheptane 3:8166 

6-Chloro-2>inethylheptane 3 : 6546 

3<Chloro-3-methylheptane 3 : 6544 

3*(Cliloromethyl)lieptane 3:8376 

8-Chloro^methylheptane 3 : 6548 

4-Chloro-4-methylheptane 3 : 6556 

1- ChlorQ>3-€thylhexatie 8:6552 

3*Chloro-3-ethylhexane 8:8223 

3- Chloro-2.3-dimethylhexane 3:6554 

2- Chloro-2.5-dimethylhexane 3:6556 


C9H19CI M.W. = 162,7 

Cl =21.3% 

l-Chlorononane 

3:8716 

2-Chlorononane 

3:8635 

3-Chlorononane 

3:6638 

6-Chloroiionane 

3:6646 

3-Chloro-3-methyloctaiie 

3:6642 

4-Chloro-4-methyloctane 

8:6644 

3-Chloro-3<-ethylheptane 

8:6646 

4-Chloro-4-ethy Iheptane 

3:6648 
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3>Chloro-2, 3-dimethylheptane 

3:9650 

6-Chloro>2,5-dimethylheptane 

3:9652 

3-Chloro-2, 2, 3-triniethylhexane 

3:9654 

3-Chloro-2, 2-dimethyl-3- 

ethylpentano 

3:9656 

Cio GROUP 

CioHfiCls M.W. = 231.5 

Cl =46.0% 

1 ,2,3-Trichloronaphthaiene 

3:2125 

1 ,2,4-Trichloronaphthalene 

3:2490 

1 ,2,5-TricWoronaphthalene 

3:1930 

1 , 2 , 6 -Tricliloronaphthalene 

3:2515 

1 ,2,7-Trichloronaph thalcne 

3:2325 

1 ,2,8-Trichloronaphthalene 

3:2220 

1 , 3, 5-Trichloronaphthalene 

3:3015 

1 ,3,6-Tnchloronaphthalene 

3:1975 

1,3,7-Trichloronaphthalene 

3:3400 

1 ,3,8-Trichloroiiaphthalene 

3:2420 

1,4,6-Trichloronaphthalene 

3:4005 

1 ,4,6-TricljLloronaphthalene 

3:1625 

2,3,6-Trichloronaphthalene 

3:3300 

2, 3, C-Trichloronaphthalene 

3:2455 

CioHeCla M.W. = 197.1 

Cl =36.0% 

1,2-DichloronaphthalenG 

3:0320 

1 ,3-Dichloron aph thalene 

3:1310 

1 , 4 -Dichloronaph thalene 

3:1655 

1 ,5-Dicliloronaphthalene 

3:3200 

1 , 6 -Dichlorouaphthalene 

3:0810 

1,7-Dichloronaphthalene 

3:1385 

1 , 8 -Dichloronaph thalene 

3:2435 

2,3-Dichloronaphthalene 

3:3665 

2,C-Dichloronaphthaleno 

3:4040 

2 , 7-Dichloronaphthalen e 

3:3445 

C 10 H 7 CI M.W. = 162.G 

Cl = 21.8% 

1 -Ohloronaphthalene 

3:6878 

2 -Chloronaphthaleiio 

3:1285 

CioHgCU M.W. = 270.0 

Cl = 52.5% 

Naphthalene tetrachloride 

3:4750 

Tetrachlorotetralin 

3:4703 

C 10 H 13 CI M.W. = 168.7 

Cl = 21.0% 

2 , 3 , 6 -Trimethylben 2 yl chloride 

3:9701 

2 , 4 i 5 -Trimethylben 2 yl chloride 

3:9702 

2,4,6-Trimethylbenzyl cliloride 

3:0372 

2 -Chloro-p-cymene 

3:8775 

3-Chloro-p-cymene 

3:8770 

4-Isopropylbenzyl chloride 

3:8795 

/9-Chloro><er-butylbenzene 

3:8780 


C 10 H 17 CI M.W. = 172.7 

3-Chloro-3-methylnonyne-4 

Cl =20.6% 

3:9710 

CioHwCl M.W. = 174.7 

5-Chlorodecene-5 

Cl =20.3% 

3:9712 

4-Chloro-3,7“diinethyloctene-2 

3:9714 

4-Chloro-3,4-diethylhexene-2 

3:9716 

C 10 H 20 CI 2 M.W. = 211.2 

1 . 10-Dichlorodecane 

Cl = 33.6% 

3:9720 

2,7-Dichloro-2,7-dimethyIoctane 

3:0840 

3,4-Dichloro-3,4-diethylhexane 

3:9724 

C 10 H 21 CI M.W. = 176.7 

1-Chlorodecane 

Cl = 20.1% 
3:8785 

4-Chloro-4-methylnonane 

3:9730 

5-Chloro-5-methylnonane 

3:9732 

3-Chloro-3-ethyl octane 

3:9734 

4-Chloro-4-ethyloctane 

3:9736 

3-Chloro-2,3-dimethyloctane 

3:9738 

8 -Chloro- 2 , 6 -dimethyloctane 

3:9740 

4-Chloro-4-n-propylheptane 

3:9742 

4-Chloro-2 ,4, 6 -trimethylheptane 

3:9744 

Cn GROUP 


CuHqCI M.W. = 176.6 

1- -(Chloromethyl) naphthalene 

2- (Chloromethyl)naphthalene 

Cl = 20.1% 
3:0250 
3:0747 

CuU-aCl M.W. = 190.8 

1 -Chloroundecane 

Cl = 18.6% 

3:8803 

C 12 GROUP 


CizHgClz M.W. = 223.1 

2,2'-Dichlorobiphenyl 

2,3'<Dichlorobiphenyl 

2,4'-Dichlorobiphenyl 

2,5-Dichlorobiphenyl 

Cl=31.8% 

3:1325 

3:9850 

3:0670 

3:9854 

3,3'-Dichlorobiphenyl 

3.4- Dichlorobiphenyl 

3.5- Diclilorobiphenyl 

3:0180 

3:0685 

3:0360 

4,4'-Dichlorobiphenyl 

3:4300 

CwHgCl M.W. = 188.7 

2>Chlorobiphenyl 

3- Chlorobiphenyl 

4- Chlorobiphenyl 

Cl=18.8% 

3:0300 

3:8940 

3:1912 
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CwHsbCI M.W.* 204.8 

Cl 

*17.3% 

1 -Chlorododecane 


3:8810 

Ci3 GROUP 



C 11 H 10 CI 2 M.W.* 237.1 

Cl 

*29.9% 

Benzophenone dichloride 
4,4'-Dichlorodiphenylmethane 


3:0800 


3:1057 

CisHuCl M.W.* 202.7 

Cl 

* 17.6% 

Benzohydryl chloride 


3:0000 

CisHjtCI M.W.* 218.8 

Cl 

*16.2% 

l-Chlorotridecane 


3:8858 

Ci4 GROUP 



Ci 4 H«Cl 2 M.W.*247.1 

Cl 

*28.7% 

9» 10-Dichloroanthracene 


3:4810 

CibHsCU M.W.* 318.0 

Cl 

*44.6% 

1 , l-Dichloro-2-(o-chlorophehyl)- 



2 - (p-chlorophenyl) ethylene 


3:18350 

1 , l-Dichloro- 2 -(m-chlorophenyl)- 



2 <(p-chlorophenyl) ethylene 


3:8863 

1 , l«Dichloro-2,2-6ta-(p-chloro- 



pheny 1 ) ethylene 


3:3438 

CuHsCU M.W.* 388.9 

Cl 

*64.7% 

1,1. 1 ,2-Tetrachloro-2,2-6w- 



(p-chlorophenyl) ethane 


3:3477 

CmHbCU M.W.* 283.6 

Cl 

*37.6% 

l-Chloro-2,2-6M-(p-chlorophenyl) 

- 


ethylene 


3:1430 

Ci4H9Cl5 M.W.* 364.6 

Cl 

= 50.0% 

“ o.o'-DDT ’* 


3:8865 

“ o,p'-DDT ” 


3:1830 

“ m,p'-DDT ” 


3:8867 

“ p,p'-DDT ” (ordinary DDT) 


3:3398 

C 14 H 10 CI 2 M.W.* 249.1 

Cl 

*28.5% 

1 , l-Dichloro-2, 2-diphenylethylene 

3:1938 

1 , 1 -Di- (p-chloropheny 1) ethylene 


3:3475 

cw-1 , 2-Dichloro-l ,2- 



diphenylethylene 


3:1380 

froTW-l , 2-Dichloro-l , 2 - 



diphenylethylene 


3:4310 

CibHioCL M.W. *320.1 

Cl 

*44.3% 


1, 1 .2,2-Tet^achlo^o-l,2- 
diphenylethane 3:4486 

1, l-Dichloro-2-(o-ohlorophenyl)- 
ethane 3:1880 

] , l-Dichloro-2,2-6w-(2>-chloro- 
phenyl) ethane 3 : 3338 

CmHuCIs M.W. = 286.6 Cl *37.2% 

1 , 1 1 l-Trichloro-2,2-diphenylethane 3 : 1430 

C 14 H 12 CI 2 M.W. = 261.2 Cl*28.3% 

1.1- Di-(p-chlorophenyl)ethane 3:08^ 

1 , l-Dichloro-2, 2-diphenylethane 3 : 1840 

d,H,2-Dichloro-l,2- 

diphenylethane 3:3570 

meso- 1 , 2-Dichloro- 1 , 2- 

diphenylethane 3:4864 

CuHisCl M.W.* 216.7 Cl* 11.7% 

1.1- Diphenylethyl chloride 3:8870 

2.2- Diphenylethyl chloride 3:8871 

CUH 29 CI MW.* 232.8 Cl = 16.2% 

1 -Chlorotetradecane 3 : 8874 

C 16 GROUP 

CisHjiCl M. W. * 246.9 Cl = 14.4% 

1-Chloropentadecane 3 : 98M 

Ci 6 GROUP 

CuHmCI M.W.* 260.9 Cl* 13.6% 

1-Chlorohexadecane 3:0015 

Cl 7 GROUP 

CnHwCl M.W.* 274.9 Cl* 12.9% 

1-Chloroheptadecaiie 3:0100 

Ci 8 GROUP 

CisHjtCI M.W.* 288.9 Cl *12.3% 

l>Chloro-octadecane 3 : 00^ 

C ,9 GROUP 

C 19 H 16 CI M.W.* 278.8 Cl* 12.7% 

Triphenylchloromethane 3:3410 

C 20 GROUP 

C 20 H 16 CI M.W.* 290.8 Cl* 12.2% 

1-Chloro-l ,2,2-tripheny lethylene 3 : 35M 


D. COMPOUNDS CONTAINING ONLY CARBON, HYDROGEN. OXYGEN. AND 

CHLORINE 


C 2 GROUP 

C 2 HOCI, M.W.* 147.4 Cl *72.2% 
Trichloroacetaldehyde (chloral) 3:5310 

Dichloroacetyl chloride 3:5380 

C 1 HO 2 CI* M.W.*163.4 Cl«66.1% 

Trichloroacetic acid 3:1150 


Dichloromethyl chloroformate 8:5315 

C 2 H 2 OCI 2 M.W.* 112.9 Cl*62.8% 

Dichloroacetaldehyde 3:5180 

Chloroacetyl chloride 3:5335 

C 2 H 2 OJCI 2 M . W. * 128.9 Cl * 66.0% 

Dichloroacetic acid 3:0308 
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Chlorometbyl chloroformate 

CaHsOCl M.W. = 78.6 

Chloroaoetaldehyde 

Acetyl chloride 

CaHaOCls M.W. = 149.4 

2.2.2- Trichloroethanol-l 

C2Ha02Cl M.W = 94.5 

Chloroacetic acid 

Methyl chloroformate 

C 2 H 8 O 2 CI 8 M.W. = 165.4 

Choral hydrate 

C 2 H 4 OCI 2 M.W. = 116.0 

2.2- I)ichloroethanol-l 

«^m.-Dichlorodimethyl ether 

C 2 H 4 O 2 CI 2 M.W. = 1310 

Dichloroacetaldehyde hydrate 

C2H»0C1 M.W.*80.5 

Ethylene chlorohydrin 

Chloromethyl methyl ether 

Ethyl hypochlorite 

C3 GROUP 

CsHOCU M.W. = 230.3 

Pentachloroacetone 

C 3 HO 2 CI M.W. = 104.5 

Chloropropiolic acid 

C 8 HO 2 CI 8 M.W. = 175.4 

at, /5,/8-Trichloroacrylic acid 

CaHOaCU M.W.=» 246.3 

Pentachloropropionic acid 

C 8 H 2 OCI 4 M.W. = 195.9 

«ym.-Tetrachloroacetone 

utwym.-Tetrachloroacetone 

C 8 H 2 O 2 CI 2 M.W. = 141.0 

a,/3-Dichloroacrylic acid 

/8,/9>Diohloroacrylic acid 

Malonyl (di) chloride 

C8H80tCl4 M.W.- 211.9 

a,a,/3,/3-Tetrachloropropionic acid 

CtH80Cl M.W.-90.6 

at-Chloroaorolein 
Aoryloyl chloride 


3:5275 

Cl = 45.2% 
3:7212 

3:7065 

Cl=71.2% 

3:5775 

Cl = 37.6% 

3:1370 

3:5075 

Cl =64.3% 
3:1270 

Cl=61.7% 

3:5745 

3:5245 

Cl = 54.2% 

3:1085 

Cl = 44.0% 
3:5552 

3:7085 

3:7022 


Cl =77.0% 
3:6205 

Cl = 33.9% 

3:1685 

Cl = 60.6% 

3:1840 

Cl =72.0% 

3:4805 

Cl = 72.4% 

3:6050 

3:6085 

Cl =60.3% 
8:2265 


3:1875 


Cl=66.9% 

3:1850 

Cl-39.2% 

8:9081 

8:7158 


CaHaOCla M.W.« 161.4 
at, a, /S-Trichloropropionaldehyde 

at,a,a-Trichloroacetone 

a,a, 7 >Trichioroacetone 

at,a-Dichloropropionyl chloride 
a,/S-Dichloropropionyl chloride 
/3,/9-Dichloropropionyl chloride 

3,3, 3>Trichloro> 1 , 2-epoxypropane 

CsHiOaCl M.W. = 106.6 
a-Chloroacrylic acid 
/8-Chloroacrylic acid 

C 8 H 8 O 2 CI 8 MW. = 177.4 
at, at, /3-Trichloropropionic acid 

Methyl trichloroacetate 

C 8 H 4 OCI 2 M.W. = 127.0 

at,at-Dichloropropionaldehyde 
at,/9-Dichloropropionaldehyde 

« 2 /m.-Dichloroacetone 

un« 2 /m.-Dichloroacetone 

a-Chloropropionyl chloride 
/8-Chloropropionyl chloride 

C 8 F 4 OCI 4 M.W.= 197.9 

1.1.1. 3- Tetrachloropropanol-2 

1 . 1 .3.3- Tetrachloropropanol-2 

C 8 H 4 O 2 CI 2 M.W. = 143.0 

a,a-Dichloropropionic acid 
a,/3-Dichloropropionic acid 
/3,jS-Dichloropropionic acid 

Methyl dichloroacetate 
iS-Chloroethyl chloroformate 

C 8 H 5 OCI M.W. =92.6 

/3-Chloroallyl alcohol 
y-Chloroallyl alcohol 

ot-Chloropropionaldehyde 

/3-Chloropropionaldehyde 

Chloroacetone 

Propionyl chloride 

3-Chloro-l ,2-epoxypropane 
(Epichlorohydrin) 

CsHtOCls M.W. = 163.4 

1,1, l-Trichloropropanol-2 

C 8 H 8 O 2 CI M.W. = 108,6 

a-CUoropropionic acid 
/9-Chloropropionic acid 
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Cl =66.9% 
3:9033 

3:5020 

3:5957 

3:5872 

3:9032 

3:9082-A 

3:5700 

Cl *33.3% 

3:1445 

3:2240 

Cl *66.0% 
3:1275 

3:5800 

Cl *66.9% 

3:9033-A 

3:9034 


3:0563 

3:5430 

3:5320 

3:5090 


Cl«71.7% 

3:0086 

3:9037 

Cl =49.6% 

3:6162 

3:0855 

3:1058 

3:5655 

3:5780 

Cl *38.3% 
3:5035 
8:5820 

3:5160 

3:5576 

3:5425 

3:7170 


3:5858 

Cl«64.6% 

8:0846 


a«32.7% 

8:0125 

3:0400 
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Methoxyacetyl chloride 

3:5335 

Chloromethyl acetate 

3:5356 

Methyl chloroacetate 

3:5585 

Ethyl chloroformate 

3:7395 

CjH60Cl2 M.W. = 129.0 

Cl =55.0% 

2,3-Dichloropropanol-l 

3:6060 

1 , l-Dichloropropanol-2 

3:5755 

1 »3-Dichloropropanol-2 

3:5985 

CsHtOCI M.W. = 94.5 

Cl = 37.5% 

2 -Chloropropanol- 1 

3:7917 

3-Chloropropanol-l 

3:8385 

l-Chloropropanol-2 

3:7747 

Chloromethyl ethyl ether 

3:7195 

a-Chloroethyl methyl ether 

3:7150 

jS-Chloroethyl methyl ether 

3:7365 

C 3 H 7 O 2 CI M.W. = 110.5 

Cl = 32.1% 

3-Chloropropanediol- 1 , 2 

3:9038 

2-Chloropropanediol-l ,3 

3:9039 

C 4 GROUP 

C4H02C1« M.W. = 187.4 

Cl = 56.8% 

Chlorofumaryl (di) chloride 

3:6105 

Chloromaleyl (di) chloride 

3:6158 

C 4 HO 3 CI M.W. = 132.5 

Cl = 26.8% 

Chloromaleic acid anhydride 

3:0380 

C 4 H 2 OCI 8 M.W. = 349 8 

Cl=81.1% 

a,a',/3,^,lS,d',/3',/3'-Octachlorodiethyl 

ether 

3:0738 

C 4 H 2 O 2 CI 2 M.W. = 153.0 

Cl = 46.4% 

Fumaryl (di) chloride 

3:5875 

C 4 H 2 O 2 CI 4 M.W. = 223.9 

Cl = 63.3% 

d,f-a,a'-Dichlorosuccinyl (di) chloride 3:0395 
mcso-a, oc'-Dichlorosuccinyl 

(di) chloride 

3:9087 

C 4 H 2 O 3 CI 4 M.W. = 239 9 

Cl=59.2% 

Dichloroacetic acid anhydride 

3:6430 

C 4 H 2 O 4 CI 2 M.W. = 185.0 

Cl = 38 3% 

Dichloromaleic acid 

3:3634 

C 4 H 8 O 4 CI M.W. = 150.5 

Cl =23.6% 

Chlorofumaric acid 

3:4853 

Chloromaleic acid 

3:3433 

C 4 H 4 O 2 CI 2 M.W. = 155.0 

Cl =45.7% 

Succinyl (di) chloride 

3:6300 

7 -Chloroacetoacetyl chloride 

3:9088 

C 4 H 4 O 2 CI 4 M.W. = 225.9 

Cl«62.8% 

jS-Chloroethyl trichloroacetate 

3:6510 


C 4 H 4 O 8 CI 2 M.W. = 171.0 

Diglycoloyl dichlorid© 
Chloroacetic acid anhydride 

C 4 H 4 O 4 CI 2 M.W.~ 187.0 

d.i.a.a'-Dichlorosuccinic acid 
meso,a,a'-Dichlorosuccinic acid 

C 4 H 6 OCI M.W.= 104.5 

a-Chlorocrotonaldehyde 
a-Crotonoyl chloride 

C 4 H 6 OCI 3 M.W. = 175.5 

a,at,j3-Trichloro-n-butyraldehyde 

a,Q!, 7 -Trichloro-n-butyraldehyde 

C 4 H 6 O 2 CI M.W. = 120.5 

a-Chlorocrotonic acid 
a-Chloroisocrotonic acid 
/S-Chlorocrotonic acid 
/9-Chloroisocrotonic acid 
7 -Clilorocrotonic acid 

Acotoacctyl chloride 

Methyl a-chloroacrylate 
Allyl chloroformate 
Isopropenyl chloroformate 

C4H602Cla M.W. = 191.5 

a,a,j8-Trichloro-n-butyric acid 
a,a, 7 -Trichloro-n-butyric acid 
a,j3,/9-Trichloro-n-butyric acid 
7 , 7 , 7 -Trichloro-n-butyric acid 

Ethyl trichloroacetate 


C4H603C1 M.W. = 136.5 

Ethoxalyl chloride 
Carbomethoxyacetyl chloride 

C 4 H 6 O 3 CI 3 M.W =207.5 

^-Hydroxyethyl trichloro- 
acetate 


C 4 H 6 OCI 2 M.W. = 141.0 

a-Chloro-n-butyryl chloride 
/S-Chloro-ri-butyryl chloride 
7 -Chloro-n-butyryl chloride 

of-Chloroisobutyryl chloride 
/3-Chloroisobutyryl chloride 

a,/3-Dichloro-n-butyraldehyde • 

1 ,3-Dichlorobutanone-2 

a,/S-Dichlorovinyl ethyl ether 

C 4 H 6 O 2 CI 2 M.W. = 157.0 

a,/8-I)ichloro-n-butyrio acid 
High-melting isomer 
Low-melting isomer 


Cl=41.5% 

3:9092 

3:0730 

Cl = 37.9% 

3:4711 

3:4930 

Cl = 33.9% 

3:8117 

3:7693 

Cl = 60.6% 

3:5910 

3:9094 

Cl = 29.4% 

3:3760 

3:1615 

3:3635 

3:1300 

3:3170 

3:9098 

3:9096 

3:7487 

3:7358 

Cl =55.6% 
3:1380 
3:1831 
3:0935 
3:1000 

3:5950 

Cl = 26.0% 
3:5635 
3:9098-A 

Cl=51.3% 

3:9099 

Cl=50.3% 

3:5570 

3:9100 

3:5970 

3:5385 

3:9101 

3:9103 

3:5900 

3:5540 

Cl =45.2% 

3:1903 

3:1375 
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2,3-Dichlorodioxane-l ,4 

3:9105 

/3-Chlorocthyl chloroacetate 

3:6230 

Ethyl dichloroacetate 

3:5850 

Methyl a,/3-dichloropropionate 
7 -Chloro-n-propyl chloro- 

3:9103 

formate 

3:6010 

C 4 H 6 O 8 CI 2 M.W. = 173.0 

/?,^-Dichloro-a-hydroxy-iso- 

Cl =41.0% 

butyric acid 

-Dichloro-a-hydroxy-iso- 

3:2145 

butyric acid 

3:2565 

jS-Hydroxyethyl dichloroacetate 

3:9107 

C 4 H 7 OCI M.W. = 106.6 

Cl = 33.3% 

2-Chlorobuten-2-ol- 1 

3:8240 

3 -Chlorobuten-2-ol- 1 

3:8270 

4-Chlorobuten-2-ol- 1 

3:9114 

2-Chlorobuten-3-ol-l 

3:9113 

l-Clilorobuteii-3-ol-2 

3:8110 

3-Chlorobuten-3-ol-2 

3:9115 

3-Chloro-2-methylpropen-2-ol- 1 

3:8340 

a-Chloro-n-butyraldchyde 

3:9109 

/3-Chloro-n-butyi aldehyde 

3:9110 

7 -Chloro-n-butyraldchyde 

3:9111 

a-Chloroisobutyraldehyde 

3:7235 

/3-Chloroisobutyraldehyde 

3:9112 

l-Chlorobutanone-2 

3:8012 

3-Chlorobutanone-2 

3:7598 

4-Chlorobutanoiie-2 

3:7640 

n-Butyryl chloride 

3:7370 

Isobutyryl chloride 

3:7270 

3-Chloro-2-methyl- 1 , 2- 


epoxypropano 

3:7657 

/3-Chloroethyl vinyl ether 

3:7464 

C 4 H 7 OCI 3 M.W. = 177.5 

Cl = 59.9% 

2,2,3-Trichlorobutanol-l 

3:1336 

1, li l-Trichiorobutanol-2 

1, 1, l-Trichloro-2-methyl- 

3:5955 

propanol-2 

3:2662 

C 4 H 7 O 2 CI M.W. = 122.6 

Cl = 28.9% 

a-CUoro-n-butyric acid 

3:9130 

/8-Chloro-n-butyric acid 

3:0035 

7 -Chloro-n-butyric acid 

3:0020 

a-Chloroisobutyric acid 

3:0235 

jS-Chloroisobutyric acid 

3:9132 

Ethoxyacetyl chloride 

3:7745 

a-Chloroethyl acetate 

3:7623 

/3-Chloroethyl acetate 

3:5735 

Ethyl chloroacetate 

3:3700 


Methyl oc-chloropropionate 3:7908 

Methyl /9-chloropropionate 3:3763 

n-Propyl chloroformate 3:7346 

Isopropyl chlorof ormate 3 : 7463 

C 4 H 7 O 2 CI 3 M W. «= 193.6 Cl = 55.0% 

Chloral ethylalcoholate 3:68M 

a,a,/8-Trichloro-n-butyT- 

aldehy de hydrate 3 : 1905 

C 4 H 7 O 8 CI M.W. = 138.6 Cl ==25.6% 

/3-Hydrox3'’ethyl chloroacetate 3:6780 

/3-Methoxyethyl chloroformate 3:9140 

C 4 H 8 OCI 2 M.W. = 143.0 Cl =49.6% 

1.3- Diclilorobutanol-2 3:0143 

1 , l-Dichloro-2-methylpropanol-2 3:3772 

1 .3- Dichloro-2-methylpropanol'2 3 : 697 7 

of.a'-Diclilorodiethyl ether 3 : 7696 

a,/S-Dichlorodiethyl ether 3:3646 

cc.jd^-Dichlorodiethyl ether 3:9130 

/3,/3'-Dichlorodiethyl ether 3:6023 

C 4 H 8 O 2 CI 2 M.W. = 159.0 Cl=44.6% 

Dichloroacetaldehydo ethyl 
alcoholate 3 : 5319 

C 4 H 9 OCI M.W. = 108.6 Cl = 32.7% 

2- Chlorobutanol-l 3:91M 

3- Chlorobutanol-l 3:9165 

4- Chlorobutanol-l 3:9170 

1- Chlorobutanol-2 3:8023 

3- Chlorobutanol-2 3:8000 

d,^-iAreo-3-Chlorobutanol-2 3 : 8002 

<i,f-er2/</iro-3-Chlorobutanol-2 3:8004 

4- Chlorobutanol-2 3 : 9175 

2- Chloro-2-methylpropanol-l 3 ; 7903 

3- Chloro-2-methylpropanol- 1 3 : 9180 

1- Chioro-2-methyl propanol-2 3 : 7752 

ter-Butyl hypochlorite 3:7165 

a-Chloroethyl ethyl ether 3:7305 

/3-Chloroethyl ethyl ether 3:7463 

C 4 H 9 O 2 CI M.W. = 124.6 Cl = 28.5% 

2- (/^^-Chloroethoxy) ethanol-1 3:91^ 

3- Chloro-2-methylpropanediol-l ,2 3 : 9190 

Cs GROUP 

C 6 H 2 O 8 CI 6 M.W. = 322.8 Cl =65.9% 

Chloralide 3:3610 

C 6 H 8 O 2 CI M.W. = 130.5 Cl = 27.2% 

Furoyl chloride 3:8613 

CsHaOsCla M.W. = 169.0 Cl = 42.0% 

Glutaryl (di) chloride 3:6500 

C8H70C1 M.W. = 118.6 Cl=29.9% 

Tiglyl chloride 8:9240 
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CjHTOiCl M.W.= 134.6 Cl=26.4% 

Ethyl a-chloroacrylate 3:9242 

Methyl a-chlorocrotonate 3:5870 

Methyl /9-chlorocrotonate 3:9244 

Methyl i^-chloroisocrotonate 3 : 8028 

CsHrOiCla M.W.«205.5 Cl=61.8% 

n-Propyl trichloroacetate 3 : 01^ 

Isopropyl trichloroacetate 3:5976 

CjHyOaCl M.W. = 150.6 Cl=23.6% 

Carbethoxy acetyl chloride 3:9246 

j9-(Carbomethoxy)propionyl chloride 3:9247 

C6H70»Cl8 M.W. = 221.6 Cl=48.0% 

/3>Methoxyethyl trichloroacetate 3:92M 

CfiHsOCla M.W.« 156.0 Cl *=46.7% 

a-Chloro-n-valeryl chloride 3:58M 

7-Chloro-n-valeryl chloride 3:9260 

6-Chloro-n-valeryl chloride 3:9264 

a-Chloro -a-methy 1-n-butyryl 
chloride 3:5670 

a-Chloro-/3-methyl-n-butyryl 
chloride 3:8144 

Chloropivalyl chloride 3:9266 

CftHgOaCla M.W.== 171.0 Cl=41.5% 

/3,7-Dicliloro-n-propyl acetate 3:6220 

)3,^'*Dichloroisopropyl acetate 3:6318 

n-Propyl dichloroacetate 3 : 6000 

Isopropyl dichloroacetate 3 : 5890 

Ethyl a,/3-dichloropropionate 3:6090 

CjHgOaCla M.W. = 187,0 Cl=37.9% 

Di-08-chloroethyl) carbonate 3:67^ 

CaHaOCl M.W. = 120.6 Cl = 29,4% 

l>Chloropentanone-2 3:8217 

3>Chloropentanone-2 3 : 7893 

4>Chloropentanone-2 3:8243 

6-Chloropentanone-2 3:9267 

1- Chloropentanone-3 3:9268 

2- Chloropentanone>3 3 : 7935 

l*Chloro-2-inethylbutanone-3 3:9209 

2-Chloro-2>methylbutanone-3 3:7597 

n-Valeryl chloride 3:7740 

a-Methyl-n-butyryl chloride 3:7003 

/3-Methyl-n-butyryl chloride 3:7560 

a,a-Dimethylpropionyl chloride 3:7450 

Tetrahydro-a-furfuryl chloride 3:8152 

CiHaOaCl M.W. » 136.6 Cl ** 26.0% 

a*Chloro«n-valerio acid 3:87^ 


/8-Chloro-n-valeric acid 3:0270 

7-Chloro-n-valoric acid 3:9270 

6- Chloro-n-valeric acid 3:0075 

a-Chloro-QJ-methyl-n-butyric acid 3:8718 
a-Chloro-jS-methyl-n-butyric acid 3:0050 

Chloropivalic acid 3:0440 

/3-Chloro-n-propyl acetate 3:8180 

7- Chloro-n-propyl acetate 3:8310 

^-Chloroisopropyl acetate 3 : 8150 

n-Propyl chloroacetate 3:8295 

Isopropyl chloroacetate 3:8160 

Ethyl a-chloropropionate 3:8125 

Ethyl /9-chloropropionate 3 : 8290 

Methyl a-chloro-n-butyrate 3:8103 

Methyl /3-chloro-n-butyrate 3 : 8224 

Methyl 7-chloro-n-butyrate 3:8517 

Methyl a-chloroisobutyrate 3 : 7918 

n-Butyl chloroformate 3 : 7980 

Isobutyl chloroformate 3:7760 

CjHaOaCl M.W. = 152.6 Cl =23.2% 
Glycerol a-chlorohydrin a '-acetate 3:6775 
Glycerol a-chlorohydrin /8-acetate 3 : 6617 

Glycerol /8-chlorohydrin <x-acetate 3 ; 6648 

/8-Methoxyethyl chloroacetate 3:9285 

/8-Ethoxyethyl chloroformate 3:9280 

CfiHiiOCl M.W. = 122.6 Cl = 28.9% 

5-Chloropentanol-l 3:92^ 

l-Chloropentanol-2 3 : 8225 

l-Chloropentanol-3 3:8500 

1- Chloro-2-methylbutanol-2 3:8175 

3- Chloro-2-methyl butanol-2 3 : 8030 

4- Chloro-2-methylbutanol-2 3:8335 

2- Chloro-2-methylbutanol-2 3:9290 

a-Chloroethyl n-propyl ether 3 : 7525 

ter-Amyl hypochlorite 3:9287 

C6 GROUP 

CeHOCU M.W. = 266.4 * Cl =66.6% 

Pentachlorophenol 3 : 48M 

CeHOsCb M.W. = 211.4 C1=50.3% 

2»3,6-Trichlorobenzoquinone-l ,4 3 : 4672 

C«H20Cl4 M.W. = 231.9 Cl=61.2% 

2,3,4,6-Tetrachlorophenol 3:3523 

2.3.4.6- Tetrachlorophenol 3:1687 

2.3.5.6- Tetrachlorophenol 3 : 3400 
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CeHaOaCh M.W.« 177.0 

Cl=40.1% 

2, 3-Dichlorobenzoquinone- 1 ,4 

3:3855 

2,5-Dichlorobenzoquinone-l ,4 

3:4470 

2,6>Dichlorobenzoquiiione>l ,4 

8:3750 

CeHaOaCU M.W. = 247.9 

01=57.2% 

Tetrachloropyrocatechol 

3:4875 

Tetracblororesorcinol 

3:4135 

Tetrachlorohydroquinone 

3:4041 

C«H204Cl2 M.W. = 209.0 

Cl = 33.9% 

2, 5-Dichloro-3 , 6-dihydroxy- 


benzoquinone-1 ,4 

3:4070 

CeHsOCls M.W.** 197.6 

Cl =63.9% 

2,3,^Trichlorophenol 

3:3185 

2, 3 ,5-Trichlorophenol 

3:1340 

2,3,6-Trichlorophenol 

3:1160 

2,4 , 5-Trichlorophenol 

3:1630 

2,4,6-Trichlorophenol 

3:1673 

3, 4, 5-Trichlorophenol 

3:3885 

CaRsOaCl M.W. = 142.6 

Cl = 24.9% 

2-Chlorobenzoquinone-l ,4 

3:1100 

C«H202Cl8 M.W. = 213.5 

Cl=49.8% 

3,4,5-Trichlorocatechol 

3:3448 

2,4,6-Trichlorore8orcinol 

3:3174 

2,3, 5-Trichlorohy droquinone 

3:4053 

CeHaOjCls M.W. = 229.6 

Cl =46.4% 

4,5,6-Trichloropyrogallol 

3:4783 

3,5,6-Trichloro-2-hydroxy- 


hydroquinone 

3:4444 

2,4,6-Trichlorophloroglucinol 

3:4030 

C«H40Cl2 M.W. = 163.0 

Cl=43.6% 

2 , 3-Dichlorophenol 

3:1175 

2,4-Dichlorophenol 

3:0560 

2, 5-Dichlorophenol 

3:1100 

2,6-Dichlorophenol 

3:1505 

3,4-Dichlorophenol 

3:1460 

3, 5-Dichlorophenol 

3:1670 

C«H402Cl2 M.W. = 179.0 

Cl=39.6% 

3,6-Dichlorocatechol 

3:3103 

4,5-Dichlorocatechol 

3:3535 

4, 0-Dichlororesorcinol 

3:3380 

2,3-Dichlorohydroquinone 

3:4330 

2,5-Dichlorohy droquinone 

3:4600 

2, 6-Dichlorohy droquinone 

3:4600 

CaHiOCl M.W.* 128.6 

Cl = 27.6% 

o-Chlorophenol 

3:5080 

m-Chlorophenol 

3:0355 

p-Chlorophenol 

3:0475 

CeH^OaCl M.W. = 144.6 

Cl = 24.5% 

3-ChIorocatechol 

3:0745 

4-Chlorocatechol 

3:3470 

2-Chlororesorcinol 

3:3600 

4-Chlororesoroinol 

3:8100 

6-ChlororeBorcinol 

3:3530 


2<Chlorohydroquinone 3:3130 

C«H704C1 M. W. « 178.6 Cl « 19.9% 

Dimethyl ohlorofumarate 3:6583 

Dimethyl chloromaleate 3:0351 

C6H*02Cl2 M.W. = 183.0 Cl«38.7% 

Adipyl (di) chloride 3:0353 

C 6 H 8 O 4 CI 2 M.W. = 216.0 Cl*33.0% 

Di-(/S-chloroethyl) oxalate 3:0573 

Ethylene glycol &is>(chloroacetate) 3:0730 


Dimethyl d,2-o(,a'-dichlorosuccinate 3:0485 
Dimethyl me5o-<K,a'-dichloro- 


succinate 

3:0340 

CeH90Cl M.W. = 132.6 

Cl =26.7% 

2-Chlorocy clohexanone- 1 

3:0130 

3-Chlorocyclohexanone- 1 

3:0360 

4-Chlorocyclohexanone-l 

3:0364 

CeHjOaCl M.W. = 148.6 

Cl =23.9% 

Ethyl CK-chlorocrotonate 

3:8533 

Ethyl /S-chlorocrotonate 

3:8538 

Ethyl 7 -chlorocrotonate 

3:8657 

Ethyl cK-chloroisocrotonate 

3:0368 

Ethyl /3-chloroisocrotonate 

3:8335 

CeHaOaCls M.W. = 219.6 

Cl=48.6% 

/9,^,/8-Trichloro-(er-butylacetato 

3:6180 

Ethyl a,a,/3-trichloro-n-butyrate 

3:6380 

n-Butyl trichloroacetate 

3:6315 

«ec.-Butyl trichloroacetate 

3:0370 

Isobutyl trichloroacetate 

3:6140 

ier-Butyl trichloroacetate 

3:0138 

CuHaOaCl M.W. = 164.6 

7 -(Carbomethoxy) -n-butyryl 

Cl =21.5% 

chloride 

3:0373 

Ethyl a-chloroacetoacetate 

3:6307 

Ethyl 7 -chloroacetoacetate 

3:6375 

C^HaOsCU MW. = 235.5 

Cl =46.2% 

Trichloroparaldehyde 

3:3300 

CeHiiOCl M.W. = 134.6 

2-Chlorocyclohexanol-l 

Cl=26.3% 

Liquid stereoisomer (cis) 

3:0374 

Solid stereoisomer (trans) 

8:0175 

4-Chlorocyolohexanol-l 

3:0876 

n-Caproyl chloride 

3:8168 

a-Methyl-n-valeryl chloride 

3:8030 

j9-Methyl-n-valeryl chloride 

8:8035 

7 -Methyl-n-valeryl chloride 

3:8 
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a,a-Dimethyl“n-butyryl chloride 3 ; 7900 

a,j8-Dimethyl-n-butyryl chloride 3 : 7965 

i8,j8-Diinethyl-n-but> ryl chloride 3 : 7880 

a-Ethyl-n-butyryl chloride 3:7990 

CeHnOjCl M.W. = 160.6 Cl =23.5% 
n-Butyl chloroacetate 3:8530 

scc.-Butyl chloroacetate 3:8350 

<er-Butyl chloroacetate 3 : 8320 

Isobutyl chloroacetate 3:8375 

n-Propyl a-cliloropropionate 3:9384 

Isopropyl a-chloropropionate 3:8165 

n-Propyl /9-chloropropion ate 3 : 8545 

Isopropyl /3-chloropropionate 3:9388 

Ethyl a-chloro-n-butyrate 3:8307 

Ethyl ^-chloro-n-butyrate 3:8373 

Ethyl 7 -chloro-n-butyrate 3:8597 

Ethyl Qf-chloroisobutyrate 3:8147 

Methyl a-chloro-n-valerate 3:8364 

n-Aniyl chloroformate 3:9380 

Isoamyl chlorof ornate 3:8315 

CeHiiOaCIs M.W. = 221.5 Cl = 48 0% 

Chloral diethylacetal 3:6317 

Chloral n-butylalcoholate 3:0843 

C 8 H 11 O 4 CI M. W. = 182.6 Cl = 19.4% 

Diethylene glycol mono- 

(chloroacetatoj 3 : 9390 

C 6 H 12 OCI 2 M.W. = 171.1 Cl = 41.6% 

/3,^'-Dichloro-di-»-propyl ether 3:8610 

7 , 7 '-Dichloro-di-n-propyl ether 3:8745 

/3,/3'-Dichloro-di-isopropyl ether 3:8605 

CdHizOzCb M.W. = 187.1 Cl =37.9% 

Formaldehyde ^,/3'-dichloro- 
isopropyl ethylacetal 3:9394 

Acetaldehyde 6w-(/8-chloroethyl) 

acetal 3:6310 

Dichloroacetaldehyde diethylacetal 3:6110 

Ethylene glycol few-(j(3-chloroethyl) 
ether 3:6655 

CaHisOCl M.W. =136.6 Cl =26.0% 

6-Chlorohexaiiol-l 3:9395 

n-Butyl o-chloroethyl ether 3 :9396 


CeHn02Cl M.W. = 162.6 Cl =23.2% 
Chloroacetaldehyde diethylacetal 3:8338 


C 7 GROUP 

C 7 HOCI 6 M.W. = 278.4 

Cl =63.7% 

Pentachlorobenzaldehyde 

3:4893 

C 7 HO 2 CI 6 M.W. = 294.4 

Cl =60.2% 

Pentachlorobenzoic acid 

3:4910 

C 7 H 2 OCI 4 M.W. = 243.9 

Cl =58.1% 

2,3,4,5-Tetrachloroberizaldehydc 

3:3140 

2,3,4,6-Tetrachlorobenzaldohyde 

3:3700 

2,3,6, 6-Tetrachlorobonzaldehyde 

3:3700 

C 7 H 2 O 2 CI 4 M.W. = 259.9 

Cl =54.6% 

2,3,4,5-Tetrachlorobenzoic acid 

3:4790 

C 7 H 3 OCI 3 M.W. = 209.5 

Cl =50.8% 

2,3,4-Trichlorobenzaldehydo 

3:3445 

2,3,5-Trichlorobenzaldehyde 

3:1060 

2,3,6-Trichlofobonzaldehyde 

3:3387 

2,4,5-Trichlorobenzaldehyde 

3:3375 

2,4 , 6-Triclilorobenzaldehy de 

3:1300 

3,4,5-Trichlorobenzaldeliydo 

3:3440 

C 7 H 8 O 2 CI 3 M.W. = 225.4 

Cl =47.2% 

2,4,6-Trichloro-3-hydroxy- 

benzaldehydo 

3:3530 

2,3,4-Trichlorobenzoic acid 

3:4810 

2,3,5-Trichlorobenzoic acid 

3:4485 

2,3,6-Trichlorobenzoic acid 

3:4500 

2,4,6-Trichlorobenzoic acid 

3:4630 

2,4,C-TrichIorobenzoic acid 

3:4545 

3,4,6-Tnchlorobenzoic acid 

3:4930 

C 7 H 4 OCI 2 M.W. = 175.0 

Cl = 40.5% 

2,3-Dichlorobenzaldohyde 

3:1480 

2,4-Dichlorobcnzaldehyde 

3:1800 

2,5-Dichlorobenzaldehy de 

3:1145 

2,6-Dichloroben zaldehyde 

3:1690 

3,4-Diclilorobenzaldehyde 

3:0550 

3 ,5-Dichl orobenz aldehyde 

3:1475 

o-Chlorobenzoyl chloride 

3:6640 

m-Chlorobcnzoyl chloride 

3:6590 

p-Chlorobenzoyl chloride 

3:6550 

C 7 H 4 O 2 CI 2 M.W. = 191.0 

Cl=37.1% 

3,5-Dichloro-2-hydroxy- 

benzaldehydo 

8:3637 

2,4-Dichloro-3-hydroxy- 

benzaldehydo 

3:4140 

2,6-Dichloro-3-hydroxybenz- 

aldehyde 

3:4160 

4, 6-Dichloro-3-hydroxybenz- 

aldehyde 

3:3953 

3,6-Dichloro-4-hydroxybenz- 

aldehyde 

3:4400 
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2.3- Dichlorobenzoic acid 3:4650 

2,4>Dichlorobenzoic acid 3:4560 

2.5- Dichlorobenzoic acid 3:4340 

2.6- Dichlorobenzoic acid 3:4200 

3.4- Dichlorobenzoic acid 3:4025 

3.5- Dichlorobenzoic acid 3:4840 

C7H4O8CI2 M.W. = 207.0 Cl =34.3% 


3,d>Dichloro-2-hydroxybenzoic acid 3:4035 

3.5- Dichloro-4-hydroxybenzoio acid 3:4050 

CTHfiOCl M.W. = 140.6 Cl =25.2% 
o-Chlorobcnzaldehyde 3:0410 

w-Chlorobenzaldehyde 3 : 0475 

p-Chlorobenzaldehyde 3 : 0705 

Benzoyl chloride 3:0240 

CyHfiOCla M.W. = 211.5 Cl = 50.3% 

2,4,6-Tricliloro-3-methylphenol 3 : 0018 

C7H6O2CI M. W. = 156.5 Cl = 22.7% 

3- Chloro-2-hydroxybenzaldohyde 3 : 1010 

4~Chloro-2-hydroxybenzaldehyde 3 : 0000 

5- Chloro-2-hydroxy benzaldehyde 3 : 2800 

2-Chloro-3-hydroxy benzaldehy de 3 : 4085 

4- Chloro-3-hydroxybenzaldehyde 3 : 3780 

6- Chloro-3-hydroxybenzaldehyde 3:3350 

2- Chloro-4-hy droxybenzaldehyde 3 : 4280 

3>Chloro-4-hydroxybenzaldebyde 3:4005 

o-Chlorobenzoic acid 3:4150 

Tn-Chlorobenzoic acid 3:4302 

p-Chlorobenzoic acid 3:4040 

o-Hydroxy benzoyl chloride 3:0085 

m-Hydroxybenzoyl chloride 3:0446 

p-Hydroxy benzoyl chloride 3:0447 

C7H6O8CI M.W. = 172.6 Cl=20.6% 

3- Chloro-2-hydroxybenzoic acid 3:4745 

4- Chloro-2-hydroxybenzoic acid 3:4008 

5- Chloro-2-hydroxy benzoic acid 3:4705 

6- Chloro-2-hydroxy benzoic acid 3:4010 

2-Chloro-3-hydroxybenzoic acid 3:4305 

4-Chloro*3-hydroxy benzoic acid 3:4033 

6-Chloro-3-hydroxy benzoic acid 3:4720 

2- Chloro-4-hydroxybenzoic acid 3:4430 

3- Chloro-4-hydroxy benzoic acid 3:4075 

C7HeOCl2 M.W. = 177.0 Cl=40.1% 

4.5- Dichloro-2-methylphenol 3 : 2010 

4.6- Dichloro-2-methylphenol 3 : 1020 

2,4-Dichloro-3-methylphenol 3 : 1205 

2.6- Dichloro-3-methylphneol 3:0150 

4,6*Dichloro>3-methylphenol 3:1745 


2.6- Dichloro-4-methylphenol 8:0400 

C7H7OCI M.W. = 142.6 Cl*24.9% 

3- Chloro-2>niethylphenol 8 : 22M 

4- Chloro-2-methylphenol 8:0780 

5- Chloro>2-methylphenol 8 : 1815 

6>Chloro-2-methylphenol 8 : 8015 

2-Chloro-3-methylphenol 8:1055 

4-Chloro-3-methylphenol 8 : 1535 

6- Chloro-3-methylphenoi 3:0700 

2- Chloro-4-methylphenol 8:0215 

3- Chloro-4-methy Iphenol 8 : 1025 

Phenoxy methyl chloride 8:0448 

o-Chloroanisole 8 : 0255 

m-Chloroanisole 3:0105 

p-Chloroanisole 8:0300 

C7H10O2CI2 M.W. = 197.1 Cl=36.0% 

Pimelyl (di) chloride 3:04M 

C7HnOCl M.W. = 146.6 Cl = 24.2% 

Hexahydrobenzoyl chloride 3:85M 

C7H11O2CI M.W. = 162.6 Cl = 21.8% 

Cyclohexyl chloroformate 3:5770 

C7H11O2CI8 M.W. = 233.5 Cl =45.6% 

n-4myl trichloroacetate 3:0560 

Isoamyl trichloroacetate 3:0480 

ter- Amyl trichloroacetate 8:0185 

C7H11O4CI M.W. = 194.6 Cl = 18.2% 

3>Chloropropanediol-l,2 diacetate 3:0840 

C7H12O8CI2 M.W. = 215.1 Cl = 33.0% 

Di-(7-chloro-n-propyl) carbonate 3:08M 

C7H18OCI M.W. = 148.6 Cl = 23.9% 

n-Heptanoyl chloride 3:8520 

a-Methyl-ra-caproyl chloride 3:0452 

/S-Methyl-n-caproyl chloride 8:8305 

7- Methyl-n-caproyl chloride 3:8355 

^Methyl-n-caproyl chloride 8:8305 

a, a>Dimethyl-n-valeryl chloride 3:0450 

a,/3>Dmiethyl-n-valeryl chloride 3:0458 

7.7- Dimethyl-»-valeryl chloride 3:0400 

a-Ethyl-n-valeryl chloride 8:8235 

a,a,/3-Trimethyl-n-butyryl chloride 8:8145 
a-Ethyl-/3-methyl-n-butyryl 

chloride 8:0402 

C7H18O2CI M.W. = 164.6 Cl»21.5% 

n-Butyl a-chloropropionate 8 : 85M 

Isobutyl a-chloropropionate 8:0470 
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n-Butyl ^-chloropropionate 8 : 9474 

Isobutyl /9-chloropropionate 3:8655 

Ethyl ae-chloro-n*valerate 3 : 8506 

£tl^l./9-ohloro-n-valerate 3:8639 

Ethyl 7 -chloro-n-valerate 8:8763 

Ethyl 5-chloro-n-valerate 3:8737 

Ethyl a-ohloroiso valerate 3 : 8538 

Ethyl cK-chloro-a-methyl^ 
butyrate 3:8518 

C 7 HX 6 OCI M.W.* 160.7 Cl *23.5% 

7'^hloroheptanol-l 3:6613 

n-Axnyl a-chloroethyl ether 3:9486 

CtHuOjCI M.W.* 166.7 Cl* 21.3% 

i9>*Chloropropionaldehyde 
diethylacetal 8:9496 

Cs GROUP 

CgHiOiCla M.W.*217.0 Cl*32.7% 

3. 4- Dichlorophthalic anhydride 3:36M 

3.5- Dichlorophthalic anhydride 3:3375 

3.6- Dichlorophthalic anhydride 3:4866 

4.5- Dichlorophthalio anhydride 3:4836 

C 1 H 1 O 4 CI 4 M.W.-303.9 Cl«46.7% 

Tetrachlorophthalic acid 3:4946 

CsHiOsCl M. W. - 182.6 Cl = 19.4% 

3- Chlorophthalio anhydride 3 : 3966 

4- Chlorophthalic anhydride 3:3735 

CsHiChCla M.W.* 203.0 Cl *34.9% 

Phthalyl (di) chloride (sym.) 3:6966 

Phthalyl (di) chloride (unsym.) 3:3395 

Isophthalyl (di) chloride 3:6536 

Terephthalyl (di) chloride 3:3365 

C8H404Cla M.W.* 235.0 Cl = 30.2% 

3,4*Dichlorophthalic acid 3 : 48M 

3.5- Dichlorophthalio acid 3:4586 

3.6- Dichlorophthalic acid 3:4876 

4.5- Dichlorophthalic acid 3:4896 

4.6- Diohloroisophthalic acid 3:4965 

2,5-Dichloroterephthalic acid 3 : 4985 

CsHsOCl* M.W.*223.6 Cl=47.6% 

w,<D,a>-Triohloroacetophenone 8:6874 

OiHi(K; 1 M.W. * 184.6 Cl- 19.2% 

Piperonyl chloride 3;19W 

CgHiOtCli M.W.-255.3 Cl»41.6% 

2,4^6-Trichlorophenoxyaoetic acid 8:43U 


C 8 H 6 O 4 CI M.W. = 200.6 

3- Chlorophthalic acid 

4- Chlorophthalio acid 

Cl = 17.7% 
3:4836 
3:4396 

4- Chloroisophthalic acid 

5- Chloroi8ophthalic acid 

8:4986 

3:4966 

Chloroterephthalic acid 

3:4995 

C 8 H 4 OCI 2 M.W. = 189.0 

w.co-Dichloroacetophenone 

Cl=37.6% 

3:6835 

p-Chlorophenacyl chloride 

3:3996 

C8H80|Cla M.W. = 221.0 

2,4-Dichlorophenoxyacetic acid 

Cl=32.1% 

3:4695 

C 8 H 7 OCI M.W. = 164.6 

co-Chloroacetophenone 

o-Chloroacetophenone 

m-Chloroacetophenone 

p-Chloroacetophenone 

Cl = 22.9% 
8:1313 
3:6615 
3:6815 
3:6735 

Phenylacetyl chloride 

3:9567 

o-Toluyl chloride 
m-Toluyl chloride 
|)-Toluyl chloride 

3:8746 

3:6535 

CsHrOCli M.W. = 225.6 Cl =47.2% 

4.5.6- Trichloro-2,3-dimethylphenol 3 : 4743 

3.5.6- Trichloro-2,4-dimethylphenol 3 : 4767 

3.4.6- Trichloro-2,5-dimethylphenol 3 ; 4769 

2.5.6- Trichloro-3,4-diinethylphenol 3 : 4747 

2.4.6- Trichloro-3,5-dimethylphenol 3 : 4713 

C 8 H 7 OJCI M.W. = 170.6 

3- Cliloro-2-methylbenzoic acid 

4- Chloro-2-methylbenzoic acid 

5- Chloro-2-methylbenzoic acid 

6- Chloro-2-methylbenzoic acid 

0 

illil 

4-Chloro-3-methylbenzoic acid 
6-Chloro-3-methylbenzoic acid 
6-Chloro-3-methylbenzoic acid 

3:4915 

3:4715 

3:4615 

2- Chloro-4-methylbenzoio acid 

3- Chloro-4-methylbenzoic acid 

ii 

2- Chlorophenylacetic acid 

3- Chlorophenylacetio acid 

4- Chlorophenylacetic acid 

. 3:3646 
3:1916 
3:3135 

Phenoxyacetyl chloride 

3:8796 

2- Methoxybenzoyl chloride 

3- Methoxybenzoyl chloride 

4- Methoxyben8oyl chloride 

ill 

Phenyl chloroacetate 

3:6565 

Benzyl ohloroformate 

3:9565 
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Methyl o-chlorobensoate 3:6695 

Methyl m-chlorobensoate 3:6676 

Methyl p-cblorobenzoate 3 : 6535 

CsHtOsCl M.W. = 186.6 Cl= 19.0% 

o-Chlorophenoxyacetic acid 3:4360 

m-chloFOphenoxyacetio acid 3:3335 

p-Chlorophenoxyacetic acid 3:4375 

CgHsOCla M.W.* 191.1 Cl«37.1% 

5,6-Dichloro-2,3-<limethylphenol 3:3443 

2.5- Dichloro-3,4-dimethy Iphenol 3 : 3316 

2.6- Dichloro-3,4>dimethylpheno] 3:6035 

5.6- Dichloro-3,4>dimethylphenol 3 : 3005 

2.4 •DichloFO-3,5«dimethy Iphenol 3 : 3183 

2,6>Dichloro-3,5-dimethylphenol 3:3638 

CgHoOCl M.W. = 156.6 Cl*22.6% 

Chloromethyl-phenyl-carbinol 3 : 9570 

4-Chloro-2,3-dimethylphenol 3 : 3318 

5*Chloro-2,3-diinethylphenol 3:3115 

6-Chloro-2,4-dimethylphenol 3:3460 

6-Chloro-2,4-dimethylphenol 3:8784 

4-Chloro-2,5-<limethylphenol 3 : 1833 

4-Chloro>2.6~dimethylphenol 3:3180 

2-Chloro-3,4-diniethy Iphenol 3:0158 

6-Chloro-3,4-dimethylphenol 3:3705 

6-Cbloro-3,4-dimethylphenol 3 : 1754 

2-Chloro-3,5-^methylphenol 3:0844 

4-Chloro>3,5-dimethylphenol 3:3505 

/3-Phenoxyethyl chloride 3:0165 

o-Chlorophenetole 3 : 8735 

wi-Chlorophenetole 3:6333 

p-Chlorophenetole 3:0090 

C8H11O4CI M.W. * 206.6 Cl« 17.2% 

Diethyl chlorofumarate ' 3 : 6864 

Diethyl chloromaleate 3 : 6697 

CsHiaOjCla M.W.«211.1 Cl*33,6% 

Suberyl (di) chloride 3:‘9576 

CgHiaOiCla M.W. *243.1 Cl *29.6% 

Diethyl d,2-cc,oe-dichloro8ucoinate 3 : 9578 

Diethyl me8o-a,a>diohlorosucoinate 3:1364 

CaHwOCl M.W.* 162.7 Cl*21.8% 

n-Octanoyl chloride 3:8680 

CaHiaOaCl M.W. * 178.7 Cl- 19.9% 

Isoamyl of-chloropropionate 3:9580 

Isoamyl jS-chloropropionate 3:8780 


CgHiaOaCl M.W. *226.7 a*16.6% 

Triethylene glycol mono- 

(chloroacetate) 8:9588 

CgHnOCl M.W. *164.7 Cl*21.6% 

8- Chloro-octanol-l 3:9590 

CaHnOaCl M.W. *180.7 Cl* 19.6% 

/3-Chloro-n-butyraldehyde 
diethylacetal 3:9594 

C9 GROUP 

CftHaOCl M.W. *164.6 Cl*21.5% 

Phenylpropiolyl chloride 8:9658 

CaHgOaCl M.W. *180.6 Cl* 19.6% 

o-Chlorophenylpropiolic acid 3:89M 

m-Chlorophenylpropiolio acid 8:4103 

]>>Chlorophenylpropiolic acid 8:4365 

CaHaOeCl M.W. *244.6 Cl* 14.4% 

h-Chlorobensenetricarboxylic 
acid-1,2,4 3:4855 

2-Chlorobenzenetricarboxylio 
acid-1,3,5 3:4975 

CaHrOCl M.W. *166.6 Cl*21.3% 

Cinnamoyl chloride 3:08M 

CaHaOCl M.W.* 168.6 Cl«21.0% 

w-CMoro-o-methylacetophenone 3:9660 

co-Chloro-p-methylacetophenone 3 : 1130 

a-Chloroethyl phenyl ketone 3:9664 

/3-Chloroethyl phenyl ketone 3:1115 

a>>Chlorophenyl ethyl ketone 3:0840 

Hydrocinnamoyl chloride 8:8787 

CaHaOaCl M.W. *184.6 Cl- 19.2% 

Ethyl o-chlorobensoate 8:6800 

Ethyl m-chlorobenzoate 3:6770 

Ethyl p-chlorobensoate 3 : 6750 

/3-Chloroethyl benzoate 3:8860 

C9H11OCI M.W.-170.6 Cl*20.8% 

7-Phenoxy-n-propyl chloride 3:8830 

CaHxiOaCla M.W.-226.1 Cl*31.6% 

Azelayl (di) chloride 3:9680 

C^HnOCl M.W. *176.7 Cl*20.1% 

Pdargonyl chloride 3 : 8795 

CaHiaOCl M.W. *178.7 Cl- 19.8% 

9- Chlorononanol-l 3:0170 

Cio GROUP 

CioHgOaCla M.W. *191.6 Cl- 18.5% 
3,4-Diohl<»onaphthoquinone-l .2 3 : 4775 

2,3-Dichlor6naphth04uinQne-l ,4 3 ; 4857 
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CioHaOaa M.W. = 192.6 

Cl =18.4% 

3-Chloronaphthoquinone-l ,2 

3:4704 

4rChloronaphthoquinone- 1 ,2 

3:4000 

2-Chloronaphthoquinone- 1 ,4 

3:3580 

5-Chloronaphthoquiiione- 1 ,4 

3:4492 

6-Chloronaphthoquinone- 1 «4 

3:3145 

CioHgOCl* M.W. = 213.1 

Cl=33.3% 

2»3-Dichloronaphthol-l 

3:2935 

2»4-Dichloronaphthol-l 

3:3250 

5, 7-Dichloronaphthol- 1 

3:3985 

6»8-Dichloronaphthol-l 

3:3420 

6,7-Dichloronaphthol-l 

3:4315 

7,8-Dichloronaphthol-l 

3:2635 

l,3-Dichloronaphthol-2 

3:1990 

l,4-Dichioronaphthol-2 

3:3840 

l,6-Dichloronaphthol-2 

3:3600 

3,4-Dichloronaphthol-2 

3:3295 

4,8-Dlohloronaphthol-2 

3:4420 

5» 8-Dichlor onaphthol-2 

3:4155 

C10H7OCI M.W. = 178.6 

Cl = 19.8% 

2-Chloronaphthol-l 

3:1490 

3-Chloronaphthol-l 

3:4170 

4-Chloronaphthol-l 

3:3720 

5-Chloronaphthol-l 

3:3960 

6-Chloronaphthol-l 

3:2615 

7-Ghloronaphthol-l 

3:3810 

8-Chloronaphthol-l 

3:1610 


C10H16O2CI2 M.W. =239.1 
Sebacyl (di) chloride 


CioHigOCl M.W. = 190.7 
n-Docanoyl chloride 

C10H21OCI M.W. = 192.6 
10-Ghlorodecanol-l 

CuHtOCI M.W. = 19a6 
a>Naphthoyl chloride 
/3-Naphthoyl chloride 


CnHTOaCl M.W. = 206.6 

2- Chioronaphthoic acid-1 
4<Chloronaphthoic acid-1 

5- Chloronaphthoic acid-1 

6- Chloronaphthoic acid-1 

7- Chloronaphthoic acid-1 

8- Chloronaphthoic acid-1 

l-Chloronaphthoic acid-2 

3- Chloronaphthoic acid-2 
6-Chloronaphthoic acid-2 
8-Chloronaphthoic acid-2 

CiiHioOaCl M.W. = 234.7 

<i)-(Carbomethoxy ) pelargonyl 
chloride 

CuHtiOCl M.W. = 204.7 

Undecanoyl chloride 


l-Chloronaphthol-2 

3:1700 

3-Chloronaphthol-2 

3:2545 

4-Chloronaphthol-2 

3:3045 

6-Chloronaphthol-2 

3:3945 

6-Chloronaphthol-2 

3:3500 

7-Chloronaphthol-2 

3:3925 

8-Chloronaphthol-2 

3:2965 

CioHiiOCl M.W. = 182.6 

<i)-Chloro-2, 4-dimethyl- 

a=i9.4% 

acetophenone 

«i)-Chloro-2,5-dimethyl- 

3:1355 

aoetophenone 
co-Chloro-3 ^-dimethyl- 

3:0245 

acetophenone 

3:1775 

2,4,6-Trimethylbenzoyl chloride 

3:9750 


C12 GROUP 

C12H9OCI M.W. = 204.7 

3-Chloro-2-hydroxybiphenyl 
6-Chloro-2-hydroxy biphenyl 

3-Chloro-4-hydroxybiphenyl 

4'-Chloro-4-hydroxybiphenyl 

a-Napbthylacetyl chloride 

Ci2H2iOaCl8 M.W. = 319.7 

Para-08-chloro-n-butyraldehyde) 

Para-Ca-chloro-isobutyraldehyde; 

C12H21OCI M.W. = 218.8 

Lauroyl chloride 


CioHiiOa M.W. = 184.7 Cl=19.2% 

2-Chloro-4-n-butylphenol 3 : 88M 


C12H26OCI M.W. = 220.8 
12-Chlorododecanol-l 


2-Chloro-4-^-butylphenol 


3:9760 


p-Chlorocarvaorol 3:0480 

p-Chlorothymol 8:1398 

CioHuCha M.W.-200.7 Cl»17.7% 

/3-Cliloroethyl /8'-phenoxyethyl ether 3:9770 


Ci 3 GROUP 

CisHgOCh M.W. = 251.1 

2,2'-Dichlorobenzophenone 

2,3'-Dichlorobenzophenone 

2.4- Dichlorobenzophenone 
2,4'-Dichlorobenzophenone 

2.5- Dichlorobenzophenone 

2.6- Diohlorobenzophenone 


Cl =29.7% 

3:9780 

Cl=18.6% 

3:8800 

Cl=18.4% 

3:0014 

Cl =18.6% 

3:6930 

3:0900 

Cl =17.2% 
3:4330 
3:4936 
3:4944 
3:4845 
3:4943 
3:4680 

3:4885 

3:4928 

3:4952 

3:4948 

Cl=15.1% 

3:9792 

Cl =17.3% 

3:9800 


Cl =17.3% 
3:1757 
3:8980 

3:1900 

3:4262 

3:9856 

Cl =33.3% 
3:2650 
3:3220 

Cl=16.2% 

3:9858 

Cl=16.1% 

3:0172 


Cl =28.2% 
3:0717 
3:9859-A 
3:0825 
3:1565 
3:2340 
3^2285 
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8,3 ’Dichlorobenzophenone 


3:3860 

3,4>Dichlorobenzophenone 


3:3070 

3,4'-Dichlorobeiizophenone 


3:3415 

3,5>Dichlorobenzophenoiie 


3:1505 

4,4^-Dichlorobenzophenone 


3:4370 

C„H,OCl M.W. = 216.7 

Cl 

= 16.4% 

2-Chlorobenzophenoiie 


3:0715 

3-Chlorobenzophenone 


3:2160 

4-Chlorobenzophenone 


3:1014 

CijHasOCl M.W. = 232.8 

Cl 

= 16.2% 

Tridecanoyl chloride 


3:9860 

Ci4 GROUP 



C 14 H 7 O 2 CI M.W. = 242.7 

Cl 

= 14.6% 

l-Chloroanthraquinone 


3:4480 

2 -Chloroanthraqiiinone 


3:4922 

CMHaOaCl M.W. = 244.7 

Cl 

= 14.6% 

o*Benzoylbenzoyl chloride 


3:9880 

CuHioOCla M.W. = 265.1 

Cl 

= 26.8% 

a-Chlorodiphenylacetyl chloride 


3:0885 

CMHioOaCIa M.W. = 281.1 

Cl 

= 25.2% 

Di-(p-chlorophenyl) acetic acid 


3:4612 

CuHuOCl M.W. = 230.7 

Cl 

= 16.4% 

p-Phenylphenacyl chloride 


3:3934 

Desyl chloride 


3:1618 

CuHuOaCl M.W. = 246.7 

Cl= 

= 14.4% 

Diphenyluhloroacetic acid 


3:3585 


CmHjtOCI M.W. =246.8 

M 3 qistoyl chloride 

a=14.4% 

3:9885 

Ci4HmOC1 M.W. = 248.8 

Id^hlorotetradecanol** 1 

a»i4.2% 

3:0375 

C16 GROUP 


CisHmOCI M.W. = 260.8 

Pentadeoanoyl chloride 

Cl =13.6% 

3:9900 

C16 GROUP 


CieHsiOCl M.W. = 274.9 

Palmitoyl chloride 

Cl =12.9% 

3:9912 

CieH»OCl M.W. = 276.9 

16'Chlorohexadecanol- 1 

Cl= 12 . 8 % 

3:0525 

Ci 7 GROUP 


CnHasOCl M.W. = 288.9 

Heptadecanoyl chloride 

Cl =12.3% 

3:9925 

C18 GROUP 


CwHasOCl M.W. = 300.9 

Elaidyl chloride 

Oleoyl chloride 

Cl=11.8% 

3:9950 

3:9940 

CisHsbOCI M.W. =302.9 

Stearoyl chloride 

Cl=11.7% 

3:9060 

C 18 H 37 OCI M.W. = 304.9 

18-Chloro>octadecaiiol>l 

Cl=11.6% 

3:0985 



n. INDEX OF EMPIRICAL FORMULAS ACCORDING TO 
PERCENTAGE CHLORINE CONTENT 


The empirical formulas for all groups of isomers listed in this book are 
represented below in diminishing order of their percentage chlorine. Note 
that there are numerous instances in which this value is the same for several 
different formulas. An analogous list of empirical formulas arranged accord- 
ing to their molecular weights comprises Index III fpage 1383). 

To ascertain which specific compounds corresponding to a given formula 
are described in the text of this volume, see the Empirical Formula Index 
(page 1359). 


% 


% 


% 


Chlorine 

Formula 

Chlorine 

Formula 

Chlorine 

Formula 

92.2 

CCI 4 

76.9 

C 40 C 1 « 

68.0 

C 7 OCI 6 

89.9 

CaCle 

76.8 

CaOaCle 

67.6 

CaHaCla 

89.1 

CHCU 

74.7 

CaCla 

67.6 

CaHaCla 

88.7 

CiCU 

74.7 

C«C1« 

67.2 

CeOaCle 

87.6 

CaHCl* 

74.6 

CtHCI; 

67.1 

C7HaCl6 

87.0 

CiHClr 

73.9 

C 4 H 2 CI 4 

66.9 

CsHaOaCla 

85.6 

C 2 CI 4 

73.2 

C 8 OCI 4 

66.7 

CaHaCla 

85.5 

C,C1« 

73.1 

CaHaCla 

66.6 

CsHOCla 

85.0 

C 4 H 2 CI 8 

73.1 

CaHaCU 

65.9 

CaHaOCla 

84.8 

CjHaCle 

73.1 

C 4 H 4 CI 4 

65.9 

CaH7Cla 

84.7 

C 4 OCI 10 

73.1 

C«HbC18 

65.9 

CaHaOaCle 

84.5 

CaHjCU 

72.6 

C 8 H 7 CI 6 

65.7 

CeHaCla 

83.5 

CHaCla 

72.4 

CaHaOCU 

65.1 

CaHOaCla 

82.9 

C 4 H 1 CI 7 

72.4 

C4HflCl4 

64.5 

CaHaOCla 

82.7 

CaHCls 

72.2 

CaHOCla 

64.6 

CeHeCla 

82.5 

CiCls 

72.1 

CaHaCla 

64.3 

CaHaOaCl, 

82.0 

QHaCU 

72.0 

CaHOaCU 

63.9 

CaHaCla 

81.6 

C 4 CI 8 

71.7 

COCI 2 

63.9 

CaOaCla 

81.1 

C 4 H 2 OCI 8 

71.7 

C 2 O 2 CI 4 

63.7 

C 7 HOCI 8 

81.0 

CaHCU 

71.7 

CaHaCla 

63.3 

CaHaOaCla 

81.0 

C4HaCl« 

71.7 

CaOaCle 

63.3 

C«HioCla 

80.3 

C4H4Cle 

71.7 

CaHaOCla 

62.8 

CaHaOCla 

79.7 

CaHsCls 

71.2 

CaHaOCIa 

62.8 

CaHeCla 

78.8 

CaHaCli 

71.2 

C 7 H 2 CI 8 

62.8 

CaHaOaCla 

78.3 

C 4 HCU 

70.8 

CeHCla 

61.7 

CaHaOCla 

78.0 

C 2 OCI 4 

70.7 

CeOCle 

61.7 

C7HaCla 

78.0 

C8H4CI4 

70.3 

CioCla 

61.3 

CaHrCla 

77.6 

C 4 HaCl 6 

70.2 

CHaCl 

61.2 

CaHaOCla 

77.0 

CiHOCl* 

68.9 

CaOaCla 

60.6 

CaHOaCla 

77.0 

C4H8CI* 

68.6 

CeHaCU 

60.6 

CaHaOCla 
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% 


Chlorine 

Formula 

60.6 

C6H9Cla 

60.2 

CtHOjCU 

69.9 

C 4 H 7 OCI* 

69.6 

C4Cla 

69.2 

C4H20,Cl4 

68.6 

CjHCl 

68.6 

CeHaCU 

68.1 

c,oa# 

68.1 

C 7 H 2 OCI 4 

68.0 

C«H 6 C 1 , 

67.7 

C 4 H 4 CI 2 

67.7 

CeOaCU 

67.4 

C«H 7 C 1 « 

67.2 

CeHaOaCU 

66.8 

C4H02C12 

66.7 

CjHsCl 

66.7 

C 4 H 6 CI 2 

66.7 

CeHaCla 

66.0 

CjHa 02 Cl| 

66.9 

C 2 O 2 CI 2 

66.9 

C 8 H 4 OCI 2 

66.8 

C 4 H 8 CI 2 

66.6 

C 4 H 4 O 2 CU 

56.1 

C 2 H 6 CI 

56.0 

C 2 H 2 O 2 CI 2 

55.0 

QHeOCla 

66.0 

C 4 H 7 O 2 CI 3 

64.7 

CmHsCU 

64.6 

C 7 H 2 O 2 CI 4 

64.4 

C 7 H 6 CI* 

64.2 

C 2 H 4 O 2 CI 2 

53.9 

CaHsOCls 

62.6 

CioHsCU 

61.8 

C 6 H 6 CI 2 

61.8 

C 6 H 70 aCl, 

61.3 

C 4 H 6 O 8 CI 8 

61.0 

C 6 H 8 CI 2 

60.8 

C 7 H 8 OCI 3 

60.3 

C 8 H 2 O 2 CI* 

60.3 

C 4 H 6 OCI 2 

60.3 

CftHioCla 

60.3 

C 6 HO 2 CI 8 

60.3 

C 7 H 6 OCI, 

60.0 

CnHaCU 

49.8 

C^HsOaCls 

49.6 

C8H402Cla 

49.6 

C 4 H 8 OCI 2 

49.6 

CsOsCU 

48.6 

C 6 H 9 O 2 CI 8 

48.2 

C«H4Cl2 


Chlorine 

Formula 

48.0 


48.0 

CtHnChCU 

47.6 

C8H8C1 

47.6 

C 6 H 6 CI 2 

47.6 

CaH^OCl* 

47.2 

C 7 H 8 O 2 CI 8 

47.2 

CsHtOCI* 

47.0 

CsHgCla 

46.7 

CsHaOiCli 

46.4 

C 4 H 2 O 2 CI 2 

46.4 

CoHsOaCU 

46.3 

CaHjCl 

46.3 

CeHi 0 CI 2 

46.0 

CioH»Cl8 

45.7 

C4H402Cla 

45.7 

CsHgOCla 

46.7 

CeHiaCla 

46.6 

C 7 H 11 O 2 CI 8 

46.2 

CaHaOCl 

46.2 

C 4 H 9 O 2 CI 2 

46.2 

C 6 H 9 O 8 CI 8 

45.1 

C 8 H 7 CI 

44.6 

C4Hg02Cl8 

44.6 

CuUbCU 

44.3 

C 14 H 10 CI 4 

44.0 

CaHgOCl 

44.0 

C7H»Cla 

43.6 

C 6 H 4 OCI 2 

42.6 

C 4 O 8 CI 2 

42.0 

CfiHsOaCla 

41.9 

C 7 H 14 CI 2 

41.6 

CeHiaOCla 

41.6 

C 8 H 608 C 18 

41.6 

C4H408Cla 

41.6 

CgHgOaClt 

41.0 

C 4 H 8 CI 

41.0 

C4H«08Cl2 

40.6 

C7H40Cla 

40.6 

C 8 H 8 CI 2 

40.1 

C 4 H 8 CI 

40.1 

CeHjOaCla 

40.1 

C7HeOCla 

39.6 

C«H402Cla 

39.6 

C 8 H 12 CI 2 

39.2 

CsHaOCl 

39.2 

O 4 H 7 CI 

38.7 

CgHgOaCla 

38.7 

CaHnCla 

38.3 

CaHgOCl 

38.3 

C 4 H 2 O 4 CI 1 


% 


Chlorine 

Formula 

38.3 

C 4 H.CI 

37.9 

C4EU04C12 

37.9 

CgHsOgClg 

37.9 

CflHiaOsCls 

37.5 

CaHaOaCl 

37.6 

CgHrOCl 

37.5 

CaHeOCl* 

37.6 

C,4H.C1, 

37.2 

CmHuCIi 

37.1 

C7H408Cla 

37.1 

CsHgOCl, 

36.0 

C 7 H 10 Q 2 CI 2 

36.0 

C.H 18 CI 2 

36.0 

CioHgCl, 

34.9 

C8H40kCl2 

34.6 

C 8 H 7 CI 

34.3 

CyHaQaCla 

33.9 

CgHOaCl 

33.9 

C 4 H 6 OCI 

33.9 

CgHiCl 

33.9 

C 6 H 2 O 4 CI 2 

33.6 

C 8 H 12 O 2 CI 2 

33.6 

CioHaoClg 

33.3 

CgHsOaCl 

33.3 

C 4 H 7 OCI 

33.3 

CgHiiCl 

33.3 

CioH«OCl2 

33.3 

CuHaiOaCla 

33.0 

C8H804Cla 

33.0 

C 7 H 12 O 8 CI 2 

32.7 

CaHfiOaCl 

32.7 

C 4 H.OCI 

32.7 

CaHaOsCla 

32.1 

C 8 H 7 O 2 CI 

32.1 

CgHeOaCla 

31.8 

C 12 H 8 CI 2 

31.6 

CftHsCl 

31.6 

CaHuOaCIa 

30.4 

CgHjCl 

30.2 

C8H404Cla 

29.9 

CfiHyOCl 

29.9 

CeHiiCl 

29.9 

CigHioCla 

29.7 

CioHieOgClg 

29.6 

C 8 H 12 O 4 CI 2 

29.4 

C 4 H 8 O 2 CI 

29.4 

C 8 H 9 OCI 

29.4 

CsHisCl 

28.9 

C 4 H 7 O 2 CI 

28.9 

C*HuOCl 
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% 


% 

Chlorine 

Formuli 

Chlorine 

28.7 

C 14 H 8 CI 2 

22.6 

28.5 

C 4 H 9 OJCI 

22.4 

28.5 

Ci4HioCl2 

22.1 

28.3 

C 14 H 12 C 12 

21.8 

28.2 

GisHflOCla 

21.8 

28.0 

C 7 H 7 CI 

21.8 

27.6 

CeHsOCl 

21.8 

27.6 

C 7 H 9 CI 

21.5 

27.2 

C 6 H 8 O 2 CI 

21.5 

27.1 

C 7 H 11 CI 

21.5 

26.8 

C 4 HO 8 CI 

21.5 

26.8 

C 14 H 10 OCI 2 

21.3 

26.7 

CeBjOCl 

21.3 

26.7 

C 7 Hi,C 1 

21.0 

26.4 

C*H 702 C 1 

21.0 

26.3 

CeHiiOCl 

20.8 

26.3 

C 7 H 16 CI 

20.8 

26.0 

C 4 H*OsC 1 

20.6 

26.0 

CjHgOjCl 

20.5 

26.0 

C 4 H 12 OCI 

20.3 

25.6 

C 4 H 7 OSCI 

20.1 

25.6 

C 8 H 7 CI 

20.1 

25.2 

C 7 H 8 OCI 

20.1 

25.2 

CsHjCl 

19.9 

25.2 

C 14 H 10 O 2 CI, 

19.9 

25.1 

C 8 H 8 C 1 

19.8 

24.9 

CeHjOjCl 

19.8 

24.9 

C 7 H 7 OCI 

19.6 

24.5 

C 6 H 6 O 2 GI 

19.6 

24.5 

GjHisGl 

19.4 

24.2 

G 7 H 11 OGI 

19.4 

24.2 

G8H»G1 

19.4 

23.9 

GeH902Gl 

19.2 

23.9 

G 7 H 18 OGI 

19.2 

23.9 

G 8 H 17 GI 

19.2 

23.6 

G 4 H 1 O 4 CI 

19.0 

23.5 

G 5 H 7 O 8 GI 

18.8 

23.5 

C 6 HJ 1 O 2 GI 

18.6 

23.5 

G 7 H 16 OGI 

18.6 

23.2 

GtHtOsGl 

18.6 

23.2 

G 6 H 1 SO 2 GI 

18.5 

23.2 

G»H9G1 

18.4 

22.9 

G 8 H 70 G 1 

18.4 

22.9 

G 9 HUC 1 

18.2 

22.7 

CtHACI 

17.7 


% 


Formula 

Chlorine 

Formula 

GsHgOGl 

17.7 

CioHi802G1 

G9H16CI 

17.5 

GwHiiGl 

G9H17GI 

17.3 

Gi,H 2 iOG 1 

C7H11O2GI 

17.3 

GiaHgOGl 

GgHicOGl 

17.3 

Ci 2 H 26 Gl 

G9H19GI 

17.2 

GgHuOiGl 

G10H7GI 

17.2 

G11H7O2GI 

GeHsOaCl 

16.4 

GwHgOGl 

G7H13O2CI 

16.2 

G12H28OGI 

G8H17OGI 

16.2 

G18H27GI 

GjHsOGl 

16.1 

Ci2H280G1 

G7H16O2CI 

15.6 

G 8 H 1606 G 1 

G9H7OGI 

15.4 

Gi4HnOCl 

G9H9OGI 

15.2 

GiaHzfiOGl 

GioHisGl 

15.2 

G14H29GI 

G8H7O2GI 

15.1 

C11H19O3GI 

G9H11OCI 

14.6 

G, 4 H 702 G 1 

G 7 H 6 O 8 GI 

14.5 

C14H902G1 

CioHnGl 

14.4 

CgHgOeGl 

GioflwCl 

14.4 

C14H11O2GI 

G9H17OCI 

14.4 

G14H27OGI 

G10H21GI 

14.4 

G18H31GI 

G11H9GI 

14.2 

C14H29OGI 

G6H7O4GI 

13.6 

G16H29OGI 

G8H,602C1 

13.6 

GieHgjGl 

G9H190C1 

12.9 

GieHjiOCl 

C10H7OC1 

12.9 

G17H36GI 

G 8 Hi 702 C 1 

12.8 

CieHjjOGl 

G9H602C1 

12.7 

C19H15CI 

GeHii 04 Gl 

12.3 

G17H83OGI 

GgHaOjGl 

12.3 

Gi 8 H 87 G 1 

CioHiiOCl 

12.2 

G10H15GI 

GgHsOaGl 

11.8 

GisHaaOGl 

G9H9O2GI 

11.7 

C18H36OGI 

GioHwOCl 

11.7 

GmHuGI 

GsHtOjGI 

11.6 

C18H87OGI 


CisH,Cl 

CioHioOCl 

CiiHrOCl 

CioH402Cla 

CioH 6C)2C1 

C10H21OCI 

C7HJ1O4CI 

CaH#04Cl 



m. INDEX OF EMPIRICAL FORMULAS ACCORDING TO 
MOLECULAR WEIGHTS 


The empirical formulas for all groups of isomers listed in this book are 
represented below in increasing order of their molecular weights. Note that 
there are numerous instances in which this value is the same for several dif- 
ferent formulas. An analogous list of empirical formulas arranged according 
to their percentage chlorine comprises Index II (page 1380). 

To ascertain which specific compounds corresponding to a given formula 
are described in the text of this volume see the Empirical Formula Index 
(page 1359). 


M.W. 

Formula 

M.W. 

Formula 

M.W. 

Formula 

60.5 

CHzCl 

113.0 

C3H8CI2 

136.6 

C4H6O3CI 

60.5 

C2HCI 

116.0 

C2H4OCI2 

136.6 

C6H9O2CI 

62.6 

C2H8CI 

116.6 

CeHsCl 

136.6 

C6H18OCI 

64.6 

C2H8CI 

118.6 

C6H7OCI 

136.6 

CsHsCl 

74.5 

CaHsCl 

118.6 

CeHiiCl 

137.0 

CsHeCh 

76.5 

CsHsCl 

119.0 

C4CI2 

138.6 

C4H7O8CI 

78.5 

C2H8OCI 

119.4 

CHCI 8 

138.6 

C8H7CI 

78.6 

C3H7CI 

120.5 

C4H6O2CI 

139.0 

CsHgCla 

80.6 

C2H6OCI 

120.6 

CfiH90Cl 

140.6 

C7H60a 

84.9 

cmch 

120.6 

CeHwCl 

140.6 

C8H9CI 

86.5 

CJIaCl 

122.6 

C 4 H 7 C) 2 C 1 

141.0 

C 8 H 2 O 4 CI 2 

88.6 

C4H6CI 

122.6 

CftHiiOCl 

141.0 

C4H6OCI2 

90.6 

C8H80C1 

123.0 

C4H4CI2 

141.0 

UHioCl* 

90.6 

C4H7CI 

124.1 

C3OCI6 

142.5 

CeHsOfCl 

92.5 

C3H6OCI 

124.6 

C4H9O2CI 

142.6 

C7H7OCI 

92.6 

C4H9CI 

125.0 

C4H6CI2 

143.0 

C8H4O2CI2 

94.5 

C2H3O2CI 

126.6 

C7H7CI 

143.0 

C4H8OCI2 

94.5 

C8H7OCI 

126.9 

. C2O2CI2 

144.6 

C6H6O2CI 

94.9 

C2CI2 

127.0 

C8H4OCI2 

144.6 

CgHuCl 

97.0 

C2H2CI2 

127.0 

C4H8CI2 

145.4 

C8H«Cl8 

98.9 

COCI2' 

128.6 

CeHftOCl 

146.6 

C7H11OCI 

99.0 

C2H4CI2 

128.6 

C7H9CI 

146.7 

CsHwCl 

102.6 

C 6 H 7 CI 

128.9 

CaHaOaCla 

147.0 

C«H 4 Cl 2 

104.5 

C8HO2CI 

129.0 

CaHaOCli 

147.4 

C2HOCI1 

104.5 

C4H6OCI 

130.6 

CfiHaOjCl 

147.4 

CiHiCk 

104.6 

CsHjCl 

130.6 

C7H11CI 

148.6 

C6H9O2CI 

106.6 

C 8 H 8 O 2 CI 

131.0 

C2H4O2CI2 

148.6 

C7Hi80a 

106.6 

C4H7OCI 

131.4 

C2HCI3 

148.7 

CsHitCI 

106.6 

CjHiiCl 

132.5 

C4HO8CI 

149.0 

C6H8CI2 

108.6 

CaHsQjCl 

132.6 

CaHjOCl 

149.4 

CaHaOCli 

108.6 

C4H90C1 

132.6 

C7H18CI 

150.6 

C4H1O4CI 

110.6 

C8H7O2CI 

133.4 

CaHsCb 

160.6 

C6H703a 

111.0 

C8H4a2 

134.6 

C 8 H 702 C 1 

150.6 

C^HuOaCl 

112.6 

C«H6C1 

134.6 

CeHiiOCl 

150.7 

C7H18OCI 

112.9 

C2H80Cla 

134.7 

C7H16CI 

151.0 

CeHgCla 
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M.W. 

Fonnulft 

152.6 

CiH^OaCl 

162.6 

C«H«0*C1 

152.6 

C 9 H 9 CI 

153.0 

C4H80aCla 

153.1 

COhtiCU 

153.8 

CCI 4 

154.6 

CgHrOCl 

154.6 

C 9 H 11 CI 

155.0 

C 4 H 402 Cla 

155.0 

CjHsOCla 

165.1 

CaHiaCla 

156.6 

C 7 H 4 O 3 CI 

156.6 

CsHaOCl 

157.0 

C4H«OaCla 

157.4 

C 4 H,CU 

168.7 

CtHuCl 

159.0 

C4H80aCla 

159.5 

C4H5Cla 

160.7 

C 9 H 17 CI 

161.0 

C7H4Cla 

161.4 

CaHaOCla 

161.5 

C4H7Cla 

162.6 

C7HnOaCl 

162.6 

C 10 H 7 CI 

162.7 

C«Hi»OCl 

162.7 

C 9 H 19 CI 

163.0 

C«H40Cl2 

163.4 

CaHOaCU 

163.4 

CaHsOCla 

164.6 

CeHaOaCl 

164.6 

C7Hi302C1 

164.6 

CaHftOCl 

164.7 

CaHwOCl 

165.4 

CaHiOaCla 

165.8 

CaCU 

166.6 

C»H70C1 

166.7 

C 7 H 16 O 2 CI 

167.0 

C40aCl2 

167.9 

CaHaCU 

168.6 

CaHaOCl 

168.7 

CioHjsCl 

169.0 

CBHeOaCla 

169.1 

C7H„Cla 

170.6 

C8H70aCl 

170.6 

CaHiiCX:;! 

171.0 

04^^408018 

171.0 

OsHaOaOla 

171.1 

OaHiaOOla 

172.6 

O 7 H 4 O 8 OI 

172.7 

OioHitOI 


M.W. 

Formulft 

173.0 

04H60801a 

173.5 

O 6 H 7 OI* 

174.7 

O 10 H 19 OI 

175.0 

07H4001a 

175.1 

OaHsOla 

175.4 

OaHOaCla 

175.5 

OaHaOCla 

175.5 

OsHaCla 

176.6 

OnHaCl 

176.7 

O 9 H 17 OOI 

176.7 

OioHaiOl 

177.0 

OeHaOaCla 

177.0 

O 7 H 6 OCI 2 

177.4 

CaHaOaCU 

177.5 

04H70Cla 

178.6 

0 «H 70401 

178.6 

O 10 H 7 OCI 

178.7 

OaHiaOaCl 

178.7 

OaHiaOOl 

179.0 

OaHaOaCla 

179.1 

OaHiaCla 

179.9 

CaHaCU 

180.6 

CaHaOaCl 

180.7 

OaHirOaCl 

181.5 

OaHaCla 

181.8 

OaOCU 

181.9 

CaHaCU 

182.6 

CeHiiOaCI 

182.6 

CaHaOaCl 

182.6 

CioHiiOCl 

183.0 

OeHaOaCla 

183.1 

CaHieCla 

183.5 

CaHaCla 

184.6 

CaHaOaCl 

184.6 

CpHaOaCl 

184.7 

CwHiaOCl 

185.0 

CeHaOeCla 

185.5 

CeH7Cla 

186.6 

C8H70aCl 

187.0 

CaHaOeCla 

187.0 

CaHaOiCla 

187.1 

CeHwQaCla 

187.4 

CeHOaCl* 

187.6 

C«H,C1, 

188.7 

OisH.01 

189.0 

CaHeOCla 

190.6 

C 11 H 7 OCI 

190.7 

C 10 H 19 OCI 

190.8 

CiiHaaCl 

191.0 

CaHeOaCla 


M.W. 

Fonnula 

191.1 

CsHaOCla 

191.5 

OeHaOaCla 

191.6 

OioHeOaCla 

191.9 

CeHaCle 

192.6 

CioHaOaCl 

192.6 

CioHaiOCl 

193.6 

C4H702C1« 

193.9 

CaOCIe 

193.9 

C 4 H 4 CI 4 

194.6 

C 7 H 11 O 4 CI 

195.6 

C 7 HaCl 8 

195.9 

CaHaOCIe 

196.9 

CeHaCl* 

197.1 

07Hio02Cla 

197.1 

OeHisOla 

197.1 

CioH«Cl, 

197.6 

CeHaOCla 

197.8 

CaOaCle 

197.9 

C 8 H 4 OCI 4 

200.6 

CaHaOaCl 

200.7 

CioHjaOaCl 

202.3 

CaHCla 

202.7 

CjaHiiCl 

203.0 

CaHaOaCla 

204.7 

CiiHsiOCl 

204.7 

CiaHaOCl 

204.8 

CiaHaaCl 

205.6 

CeH70aCIa 

206.6 

CaHiiOeCl 

206.6 

CuH70aCl 

207.0 

C7H408Cla 

207.6 

OeHaOaCla 

209.0 

CeHaOeCla 

209.5 

CaHaOCla 

209.9 

CaHaCle 

211.1 

CaHiaOaCla 

211.2 

CioHaoCla 

211.4 

CeHOaCla 

211.5 

CaHaOCla 

211.9 

CaHaOaCle 

213.1 

CioHaOCla 

213.6 

* CeHaOaCla 

214.3 

CaHCla 

215.0 

CeHaOeCla 

215.1 

CaHiaOaCla 

215.9 

CeHjCle 

216.3 

CaHaCla 

216.7 

CiaHaOCl 

216.7 

CieHiaCl 

217.0 

CaHaOkCla 



MOLECULAR WEIGHTS INDEX 


1385 


M.W. 

Formula 

M.W. 

218.8 

CuHttOCl 

244.4 

218.8 

CmHjtCI 

244.6 

219.5 

CsHtOiiCli 

244.7 

219.9 

C«H«Cl4 

245.9 

220.8 

CuHsfiOCl 

246.3 

221.0 

CsHeOiCl, 

246.7 

221.5 

CfiHrOaCl* 

246.8 

221.5 

CeHiiOaCU 

246.9 

221.9 

C40*CU 

247.1 

223.1 

GiiHaCla 

247.9 

223.5 

C 8 H 6 OCI 1 

248.8 

223.9 

C4H208CI4 

248.8 

224.0 

CeHioCU 

249.1 

225.1 

C»Hi40aClf 

250.4 

225.4 

CrHjOaClt 

250.8 

225.5 

CaHjOCU 

251.1 

225.9 

C4H:40aCl4 

251.2 

226.3 

C 4 HCI 4 

255.5 

226.7 

CgHwOeCl 

258.4 

228.4 

CiHiCh 

259.9 

229.5 

GeHsOaCIa 

260.8 

230.0 

G 7 H 4 GI 4 

260.8 

230.3 

GiHOGU 

260.9 

230.4 

G 4 H 4 GI 5 

262.8 

230.7 

GmHuOGI 

264.4 

231.5 

GxoHbGI* 

264.8 

231.9 

GeHjOCU 

265.1 

232.8 

CwHjsOCl 

266.4 

232.8 

C 14 H 29 CI 

270.0 

233.5 

G 7 HUO 2 GIS 

274.9 

234.7 

GiiHxaOjGl 

274.9 

235.0 

G8H404Glt 

276.8 

235.5 

GeHaOsGli 

276.9 

236.8 

CaGl. 

278.4 

237.1 

GuHioGla 

278.8 

239.1 

GioHi«OaGl, 

280.8 

239.9 

G4HjQ»Gl4 

281.1 

242.7 

GuHxOaGl 

283.6 

243.1 

C8Hi804Gla 

284.8 

243.9 

G7HaOGl4 

285.2 


Formula 

M.W. 

Formula 

G^HtGI* 

285.6 

G 14 HUGI, 

GalLOeGl 

285.9 

GgOaGL 

Gi4H90aCl 

288.9 

Gi7HmOG1 

GeOaGU 

288.9 

GigHiTGl 

GaHOaGl* 

290.8 

GeHeGlg 

Gj4HiiOaGl 

290.8 

GaoHxsGl 

Gi4Ha70Gl 

294.4 

CyHOaGU 

GisHaiCl 

296.8 

CgOsCle 

GiiHgGla 

298.8 

G7HaGl« 

GaHaOaGU 

299.3 

C 4 H 3 CI 7 

G*G1« 

300.8 

GgOGlg 

Gt 4 Ha»OGl 

300.9 

CigHggOGl 

Gi4HioGla 

302.9 

GigHggOGl 

GaHGli 

303.9 

GgHaOgGU 

GaHaGle 

304.9 

GigHarOGl 

GiaHgOGla 

308.8 

CgOiCla 

CuHiaGla 

312.8 

C 7 OCU 

GgHgOaGla 

316.8 

GgOaClg 

GgHgGU 

318.0 

Gi4HaGl4 

G7Ha02Gl4 

319.7 

CtCla 

CgGlg 

319.7 

GiaHaiOgGlf 

GigHaaOGl 

320.1 

G 14 H 10 GI 4 

GieHaaGl 

322.8 

GgHaOiGU 

GiHaGJg 

333.3 

G 7 HGI 7 

G7HgGl. 

333.8 

G 4 H 2 GI 8 

G 4 H 4 CI 6 

343.7 

CgClg 

Gi4HioOClt 

349.8 

CgHaOGlg 

GgHOGU 

354.5 

GigHgGU 

GioHgGU 

388.9 

CigHgGU 

GigHgiOGl 

403.8 

GioGlg 


418.6 

GgOGlio 


C,7H,»C1 

C40C16 

Ci«HnCX:i 

C 7 HOCU 

CiOIuCl 

C 9 O 7 CI 9 

ChHioOsCIs 

C,4H9C1, 

CeCl. 

C 1 HCI 7 



IV. INDEX OF COMPOUNDS ACCORDING TO CHEMICAL 

TYPES 


The numerous individual compounds of Order III whose preparation, 
properties, and reactions comprise the main text of this book are there listed 
in progressively increasing order of melting points (Division A, Solids), 
boiling points (Division B, Liquids), or empirical formulas (Division C, 
liquids for which data at ordinary pressure are not available). Unlike the 
treatment of Order I in an earlier volume, the compounds of the present 
Order III are not subdivided into genera. For this reason a highly useful 
feature of this volume is the following Chemical Type Index in which each 
compound is listed in one (or more) of the following eight arbitrary units. 


Unit 1, Chloro substitution products of 
saturated acyclic hydrocarbons. 

Unit 2. Chloro substitution products of 
unsaturated acyclic hydro- 
carbons. 

Unit 3. Chloro substitution products of 
cyclic hydrocarbons. 

Unit 4. Chloro substitution products of 
hydroxy compounds. 


Unit 5. Chloro substitution products (and 
their relatives) of carbonyl com- 
pounds. 

Unit 6. Chloro substitution products of 
carboxylic acids and anhydrides. 

Unit 7. Acyl chlorides. 

Unit 8. Chlorine substitution products of 
ethers and of esters. 


In order to facilitate recognition of the extent of subdivision of the above 
eight unitSy a brief summary of the subclassification is placed at the head of 
each one. Note that the names employed in this index are those best suited 
to recognition of the chemical relationships involved, and are not necessarily 
the same as those selected as principal names in the individual descriptions in 
the text. 

Attention is also called to the fact that, in addition to this chemical t3rpe 
index, this volume is provided with conventional alphabetical name index 
and with empirical formula index. 


UNIT 1. CHLORO SUBSTITUTION PRODUCTS OF ACYCLIC SATURATED 
HYDROCARBONS 

(Summary of Classification of Unit 1} 

A. Monochloro Derivatives. 

1 . With primary halogen. 

2 . With secondary halogen. 

3 . With tertiary halogen. 
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B. Dichloro Derivatives. 

1. With both chlorine atoms primary. 

а. Both chlorine atoms on same carbon. 

б. The two chlorine atoms on different carbons. 

2. WUh both chlorine atoms secondary. 

a. Both chlorine atoms on same carbon. 
h. Both chlorine atoms on different carbons. 

3. With both chlorine atoms tertiary. 

4. Wilh one chlorine primary and one secondary. 

6 . Wdh one chlorine primary and one tertiary. 

6 . With one chlonne secondary and one tertiary, 

C. Trichloro Derivatives. 

1. With all three chlorine atoms primary. 

2. With two chlorine atoms primary and one secondary. 

3. W%th two chlorine aloms primary and one tertiary. 

4. With one chlorine atom primary and two secondary. 

5. With one chlonne each primary » secondary, and tertiary. 

6. With all three chlorine atoms secondary. 

7. With two chlorine atoms secondary and one tertiary. 

D. Tetrachloro Derivatives. 

1. With all four chlorine aloms primary. 

2. With three chlorine atoms primary and one secondary. 

3. With two chlorine atoms primary and two secondary. 

4. With one chlorine ato?n primary and three secondary. 

5. With three chlorine aloms primary and one tertiary. 

6. With two chlorine atoms primary, one secondary, and one tertiary. 

E. Pentachloro Derivatives. 

1. With all Jive chlorine atoms primary. 

2. With four chlorine atoms Primary and one secondary. 

3. Wilh three chlorine atoms primary and two secondary, 

4. With two chlorine atoms primary and three secondary, 

5. With four chlorine atoms primary and one tertiary. 

F. Hexachloro Derivatives. 

1. With all six chlorine atoms primary. 

2. With five chlorine atoms primary and one secondary. 

3. With four chlorine atoms primary and two secondary. 

G. Heptachloro Derivatives. 

H. OCTACHLORO DERIVATIVES. 


UNIT 1. CHLORO SUBSTITUTION PRODUCTS OF SATURATED ACYCLIC 

HYDROCARBONS 


A. Monochloro Derivatives 


CsHaCl 

Isoamyl chloride .... 

. 3:7365 

1 . With primary halogen 


Contd. 

Neopontyl chloride. . 

. 3:7200 

CHsCl 

Methyl chloride 

. 3:7005 

CeHisCl 

1-Chlorohexane 

. 3:7055 

CjHsCl 

Ethyl chloride 

. 3:7015 


l-Chloro-2-methyl- 


CsHiCl 

n-Propyl chloride 

. 3:7040 


pentane 

5-Chloro-2-methyl- 

. 3:7563 

C4H9CI 

n-Butyl chloride . . . . 

. 3:7160 


pentane 

. 3:7605 

Isobutyl chloride . . 

. 3:7135 


l-Chloro-3-methyl- 






pentane 

. 3:0348 

CsHgCl 

n-Amyl chloride 
sec.-Butylcarbinyl 

. 3:7460 


l-Chloro-2-ethyl- 



chloride 

. 3:7345 


butane 

. 3:7720 
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OiHisCl 

l-Chloro-2,2-di- 


Contd. 

methylbutane 

.. 3:75M 


4-Chloro-2,2-di- 



methylbutane 

. . 3:7665 

CtHuCI 

1-Chloroheptane . . . 

. . 3:8360 


l-Chloro-3-methyl- 
hezane 3:8165 


6 «Cliloro~2, 3“di” 



methylpentane 

3:8163 

CaHnCl 

l-Chlorooctane 

3:8585 


l-Chloro-2-ethyl- 

hexane 

l-Chloro-3-ethyl- 
hexane 

3:8370 

3:0563 


l-Chloro*2‘-ethyl“3** 
methylpentane .... 

3:0660 


l-Ghloro-2,2,3.3>tetra- 
methylbutane 

3:0946 

C^HwCl 

l-Chlorononane 

3:8710 

CioHnCl 

I'Chlorodecane 

3:8785 


l-Chloro-3.7-di- 
methyloctane 

3:0740 

CuHnCl 

l*Ohloroundecane .... 

3:8803 

CuH»Cl 

l-Chlorododecane .... 

3:8810 

CiiHjtCI 

1-Chlorotridecane .... 

3:0860 

C 14 H 29 CI 

1 -Chlorotetradecane . . 

3:0874 

CisHiiCl 

1-Chloropentadecane . 

3:0890 

CieHstCl 

1-Chlorohexadecane . . 

3:0016 

CwHssCl 

1-Chloroheptadecane . 

3:0100 

CisHstCI 

1-Chloro*octadecane . . 

3:0006 

3. With secondary halogen 


C.H 7 CI 

2 -Chloropropane 

3:7036 

CACl 

2 -Chlorobutane 

3:7136 

C 5 H 11 CI 

2- Chloropentane. .... 

3- Chloropentane 

3:7336 

3:7330 


3-Chloro-2-metliyl- 
butane 

3:7376 

CdSiuPl 

2 - Ohlorohexaae 

3- Chlorohezaiie 

3:7716 

3:7670 


CsHisCl 3-Chloro-2-inethyl- 


Contd. 

pentane 

4-Chloro-2-methyl- 
pentane 

. 3:7606 

. 3:7406 


2-Chloro-3-methyl 
pentane 

. 3:9360 


3-Chloro-2.2-di- 
methylbutane 

. 3:7476 

C 7 H 1 BCI 

2 - Chloroheptane .... 

3- Chloroheptane .... 

4- Chloroheptane. . . . 

ill 

eSMM 


6-CblorO“2-methyl- 
hexane 

3:7085 


2-Chloro-3-methyl- 

hexane 

4-ChlorO“3-methyl- 
hexane 

3:0434 

3:0436 


2-Chloro-3-ethyl- 
pentane 

3:0438 


4-Chloro-2,2-di- 
methylpentane 

3:0440 

CsHitCI 

2-Chloro-octane 

4>ChlorO‘Octane 

3:8378 

3:0638 


6 -Chloro- 2 -methyl- 
heptane 

3:0640 


3-Chloro-4-methyl- 
heptane 

3:0648 


2-Chloro-3,4-di- 
methylhexane 

3:0658 

C 9 HX 9 CI 

2-Chlorononane 

d-Chlorononane 

5>Chlorononane 

3:8636 

3:0638 

3:0640 

3. With tertiary halogen 
C 4 H 9 CI ter-Butyl chloride. ... 

3:7046 

CbHuCI 

<er-Amyl chloride. ... 

3:7320 

CeHuCl 

2 -Chloro- 2 -methyl- 
pentane 

3:7400 


3-Cbloro-3-methyl- 
pentane 

3:7686 


2-Ohloro>2,3-di- 
methylbutane 

3:7000 

C»HwCl 

2- Chloro-2-methyl- 

hexane 

3- Chloro-3*methyl- 

hexane 

3:7046 

3:7060 
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CrHiid 3-Chloro>3-ethyl* 

Con^. pentane 3:8055 

2^hloro-2,3-di- 

methylpentane 3 : 0443 

3-Chloro-2,3-di- 
xnethylpentane 3 : 7070 

2- Chloro-2,4-<ii- 

methylpentane 3 : 7750 

3>Chloro-2,2,3«tri- 
methylbutane 3:4030 

CsHitCI 2-Chloro-2>methyl- 

heptane 3:8100 

3- Chloro-3>methyl- 

heptane 3:0544 

4- Chloro>4-methyl> 

heptane 3:0550 

3-Chloro-3>ethyl- 
hexane 3:8“^ 

3-Chloro-2,3-di- 
methylhexane 3 : 0554 

2- Chloro-2,6'di 

methylhexane 3:0556 

3- Chloro-3-ethyl-2- 

methylpentane 3 : 8310 

4- Chloro-2,2,4-tri- 

methy Ipentane 3 : 8113 

C 9 H 19 CI 3-Chloro-3-methyl- 

octane . . . . 3:0643 

4-Chloro-4-methyl- 
octane 3:0644 

3- ChIoro-3-ethyl- 

heptane 3:0646 

4- Chloro-4-ethyl- 

heptane 3:0648 

3>Chloro-2,3-di- 
methylheptane 3 : 0650 

5- Chloro-OiO-di- 

methyihfio^tane 3 : 0653 

3>Chloro-2,2,3’'tri* 
methylhexane 3 : 0654 

3*Chloro-2,2-di- 
methyl'>3-ethyl- 
pentane 3:0656 

CioH^Cl 4*ChlorQ-4-inethyl* 

nonane 3:0730 

5-Chloro>5-methyl- 
nonane 3:0733 

3-Chloro-3-ethyl- 
octane 3:0734 


CioHnCl 4-Chloro-4-6thyl- 

Contd. octane 3:0736 

3- Chloro-2,3-di- 

methyloctane 3 : 0738 

4- Chloro-4-n-propyL 

heptane 3:0743 

4-Chloro-2,4,6-tri- 
methy Iheptane 3:0744 

B. Bichloro Derivatives 


1. With both chlorine atoms primary 
a. Both chlorine atoms on same carbon 


GHsCls Methylene dichloride . 3:5030 

CaHiCb 1,1-Dichloroethane. . . 3:5035 

CsHeCb 1 . 1-Dichloropropane . . 3 : 7330 

CiHgCb 1,1-Dichlorobutane. . . 3:7550 

1 , l-Dichloro-2-methyl- 
propane 3:7435 

CgHioClg l,l~Dichloropentane. . 3:8015 

4,4~Dichloro-2-methyl- 
butane 3:7885 

C 7 H 14 CI 2 1,1-Dichloroheptane. . 3:8650 

b. The two chlorine atoms on different 

carbons 

C 3 H 4 CI 2 1 , 2 -Dichloroethane. . . 3:5130 

CgHgClg 1,3-Dichloropropane. . 3:5450 

CgHgClg l^'Dichlorobutane. . . 3:5835 

1 .3- Dichloro-2-methyl- 

propane 3:7060 

CgHioClg 1,5-Dichloropentane . . 3:8575 

1 .4- Dichloro-2-methyl- 

butane 3:8360 

CgHuClg 1 ,6<Dichiorohexane ... 3 : 8730 

CtHuCIs 1,7-Dichloroheptane. . 3:0433 

1 ,6-Dichloro-3,3- 
dimethylpentane . . . 3:0480 

CgHuCls 1,8-Dichloro-octane. . . 3:8805 

CgHigClg l,9>Dicblorononane. . . 3:8880 

CioHioCh l.lO-Dichlorodecane. . 3:0730 



1390 


CHEMICAL TYPES INDEX 


2 . With both chlorine atoms secondaiy 
a. Both chlorine atoms on same carbon 


CaHeCla 

2,2'Dichloropropane . . 

3:7140 

CACb 

2,2-Dichlorobutane . . . 

3:7415 

CtHioCls 

2.2- Dichloropentane . . 

3.3- Dichloropentauo . . 

3:7755 

3:7895 


3,3-Dichloro-2- 
methylbutane 

3:9230 

CeHuCls 

2,2-Dichlorohexane . . . 

3:9342 


3,3-Dichloro-2,2- 
dimethylbutane .... 
4,4r-Dichloro-2,2- 
dimethylbutane 

3:4325 

3:8132 

CtHuCI* 

2,2-Dichloroheptane . . 
4,4-Dichloroheptane . . 

3:9424 

3:9426 


3,3-Dichloro-2,4-di- 
methylpentane 

3:7610 

CtiHiftCla 

2,2-Dicldoro-octane. . . 

3:867(1 


3,3-Dichloro-2,2,4- 
trunethylpentane . . 

3:9536 

6. Both chlorine atoms on different car- 
bons 

C 4 H 8 CI 2 d,Z-2,3-Dichloro- 

butane 3:7615 

meso-2,3-Dichloro- 

butane 3 : 7580 

GsHioCla 

2.3- Dichloropontane . . 

2.4- Dichloropentane . 

3:8010 

3:8120 

CeHiaCla 

2.3- Dichlorohexane . . 
2,5-Dichlorohexane . . . 

3.4- Dichlorohexano . 

3:8300 

3:8525 

3:9344 


3. With both chlorine atoms tertiary 


CeHiaCla 

2,3-Dichloro-2,3- 
dimethylbutane . . . . 

3:4520 

C7Ht4Cla 

2,4-Dichloro-2,4:- 
dimethylpentane . . . 

3:9428 

CsHniCla 

2,6-Dichloro-2,5- 
dimethylhexane . . . 
3,4-Hichloro-3,4- 
dimethylhexane . . . . 

3:1550 

3:8315 

CaHigCla 

2,6-Dichloro-2,6- 
dimethylheptane . . . 

3:0455 


C 10 H 20 CI 2 2,7-Dichloro-2,7- 

dimethyloctane . . . . 3:0840 

3,4-Dichloro-3,4- 
dimethylhexane ... 3 : 9724 

4. With one chlorine primary and one 
secondary 

CalleCla 1 ,2-Dichloropropane . . 3 : 5200 

C 4 H 8 CI 2 1,2-Dichlorobutane. . . 3:7680 

1.3- Dichlorobutane. . . 3:7925 

CsHioCb l,2-Dicl)loropentane. . 3:8140 

1.3- Dicliloropentane. . 3:9220 

1.4- Dichloropentaue . . 3:9224 

1 .3- Dichloro-2-methyl- 

butane ... 3:9228 

3.4- Dichloro-2-methyl- 

butane 3:8075 

C 8 H 12 CI 2 1,2-Dichlorohexane . 3:8380 

l,5>Dichlorohexane . . . 3:9340 

CylliiCb 1,2-Dichloroheptane. . 3:9420 

1 , 2-Dichloro-4, 4- 
dimothylpontano . . . 3:8516 

CsHieCb l,G-Dichloro-octane . . 3:9530 

1 J-Dicliloro-octane ... 3 : 9532 

4-Cliloro-3-(chloro- 
methyl) heptane . . 3 : 9534 

C 9 H 18 CI 2 1 , 2-Dichloroiionane ... 3 : 9632 

5. With one chlorine primary and one 

tertiary 

C 4 H 8 CI 2 1 , 2-Dichloro-2- 

methylpropane 3 : 7430 

CsHioCb l,2-Dichloro-2- 

rnethylbutane . ... 3:7920 

2.4- Dichloro-2- 

methylbutano 3:8105 

CcHiaCla 2,5-Dichloro-2- 

methylpeutane .... 3:8540 

6. With one chlorine secondary and one 
tertiary 

CsHioCla 2,3-Dichloro-2- 

methylbutane 3:7975 

CeHiaCla 2,3-Dichloro-2- 

methylpentane 3:9346 

C. Trichloro Derivatives 

1. With all three chlorine atoms primary 

CHCls Chloroform 3:5050 
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CiHsClj 

1 . 1 . 1 - Trichlorethane. . 

1 . 1 . 2 - Trichloroethane . 

3:5085 

3:5330 

C^HjCls 

1,1, 1-Trich loropropane 
1 , 1 ,3-Trichloropropane 

3:5370 

3:5660 

CtHgCl, 

4,4,4-Trichloro-2- 
methylbutano 

3:9316 

2. With two chlorine atoms primary and 
one secondary 

C 3 H 5 CI 3 1 , 1 , 2 -Trichloropropane 3 : 5630 

1,2,3-Trichloropropane 3:5840 

C4H7C1« 

1,1,3-TriGhlorobutane . 

3:9086 

C 5 H 9 CIS 

l,3-Dichloro-2-(chloro- 



methyl) butane 3:9318 


3. With two chlorine atoms primary and 
one tertiary 

C4H7CI3 l,l, 2 -Trichloro- 2 - 


methylpropane 3:5710 

1 ,2,3-Trichloro-2- 
methylpropane 3:6885 


4. With one chlorine atom primary and 
two secondary 

CsHsCla 1,2,2-Trichloropropane 3:6475 

C 4 H 7 CI 3 1 ,2,3-Trichlorobutane . : 5935 

6. With one chlorine each primary, 
secondary, and tertiary 
CsHgCla l,2,3-Trichloro-2- 

methylbutane . . . 3:6100 

6. With all three chlorine atoms secondary 

C 4 H 7 CI 8 2,2,3-Trichlorobutane. 3:66^ 

7. With two chlorine atoms secondary 
and one tertiary 

OsSfiOls 2,3,3-Xrichloro-2- 

methylbutane . ... 3:4755 

D. Tetrachloro Derivatives 

1. With all four chlorine atoms primary 


CCI 4 

Carbon tetrachloride . 

3:5100 

C 2 H 2 CI 4 

1,1,1, 2-Tetrachloro- 



ethane . ... 

1 , 1 ,2, 2-Tetrachloro- 

3:5555 


ethane 

3:5750 

C4HeCl4 

l,l,3-Trichloro-2- 

(cbloromethyl)- 



propane 

3:9084 

CjHsCli 

1 ,3-Dichloro-2,2-6M- 
(chloromethyl)- 


' 

propane 

3:3657 


2. With three chlorine atoms primary and 
one secondary 

CsILCli l,l,l,2>Tetrachloro- 

propane 3:5785 

1 , 1 ,2,3-TetrachIoro- 
propane 3:0035 

C 4 HeCl 4 l,l,l,2-Tetrachloro> 

butane 3:5632 

3. With two chlorine atoms primary and 


two secondary 

CSH 4 CI 4 1,1,2,2-Tetrachloro- 

propane 3:5835 

1.2.2.3- Tetrachloro> 

propane 3:5895 

C 4 HftCl 4 1,2.3,4-Tetrachloro- 

butane 

(solid isomer) 3:1760 

(liquid isomer) 3:9083 

CeHioCU 1,1,2,2-Tetrachloro- 

hexane 3:9333 

4. With one chlorine atom primary and 
three secondary 

C 4 H 6 CI 4 1,2,2,3-Tetrachloro- 

butane 3:9078 

1 .2.3.3- Tetrachloro- 

butane 3:9080 


6. With three chlorine atoms primary ancf 
one tertiary 


C 4 H 6 CI 4 1,1,1 ,2-Tetrachloro-2- 

methylpropane 3:4735 

1 , 1 ,2,3-Tetrachloro-2- 
methylpropane . . . 3:6165 

1 ,2,.3-Trichloro-2- 
(chlorometllyl)- 
propane . . . ... . 3:6335 


6. With two chlorine atoms primary, one 


secondary, and one tertiary 

CsHgCU 1 , 2,3-Trichlo^o-2- 

(chloromethyl)- 
butane 3:6330 

£. Pentachloro Derivatives 

1. With all five chlorine atoms primary 

C2HC16 Pentachloroethane. 3:5880 

2. With four chlorine atoms primary and 
one secondary 

CsHsCU 1,1,1,2,3-Pentachloro- 

propane 3:4740 

1, 1,2,3,3-Pentachloro- 
propane 3:6380 
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8 . With three chlorine atoms primary and 


two secondary 

C 4 H«Cl 6 l,l,2,3,4>P6ntachloro- 

butaue 

(solid isomer) 3:0758 

(liquid isomer) 3:0068 

CsHtCU 3,3,4,4,4-Pentachloro- 

2 -methylbutane 3 : 6725 

CeHaCU 14ilf2,2-Pentachloro- 

hexane 3:0328 

4. With two chlorine atoms primary and 
three secondary 

C 4 HACI 6 1,2,2,3,4-Pentaohloro- 

butane 3:9070 

5. With four chlqrine atoms primary and 
one tertiary 

CiHfiCU 1,1,1.2,3-Pentachloro- 

2 -methylpropane ... 3 : 1265 

1 , 1 , 2,3-Tetracliloro-2- 
(chloromethyl)- 
propane. 3 : 0072 


F. Hexachloro Derivatives 

1. With all six chlorine atoms primary 

CaCle Hexachloroethane. . . . 3:4835 

2. With five chlorine atoms primary and 
two secondary 

CsHaCU l,l,l,2,3,3<HexachIo- 

ropropane 3 : 6460 


8 . With four chlorine atoms primary and 
two secondary 

GiHaCU l,l,2,2.3,3<Hexacldoro- 

propane 3:6525 


C 4 H 4 CI 6 1,1,2,3,4,4-Hexachloro- 

butane 3:3155 


G. Heptachloro Derivatives 

1. With six chlorine atoms primary and 
one secondary 

C 3 IICI 7 1,1,1,2,3,3,3-IIeptar 

chloropropane 3:6860 

2. With five chlorine atoms primary and 
two secondary 

CsHCb 1 , 1 , 1 , 2,2,3, 3-Hepta- 

chloropropane 3:0200 


8. With four chlorine atoms primary and 


three secondary 

C^Cl? 1.1,2,2,3,4,4-Hepta- 

chlorobutane 3 : 9056 

H. Octachloro Derivatives 

CtClg Octachloropropane . . . 3:4450 

C 4 H 2 Clg 1,1,2,2,3,3,4,4-Octa- 

chlorobutane 3:2000 


UNIT 2. CHLORO SUBSTITUTION PRODUCTS OF UNSATURATED ACYCLIC 

HYDROCARBONS 

(Summary of Classification of Unit 2) 


A. Of Mono-olefins. 

1 . With one chlorine on C attached to unaaturation, 

а. This chlorine atom is primary. 
ai Monochloro. 

Ba Dichloro. 
aa Polychloro. 

б . This chlorine atom is secondary. 
bi Monochloro. 

hi Dichloro. 
bi Polychloro. 

2. With two chlorine atoms on C attached to unsaturation. 

a. Both these chlorines are on same C atom. 

2>. These two chlorines are on different carbons. 

3 . With none of the chlorine atoms on C attached to unsaturation. 

a. Monochloro. 

b. Dichloro. 

c. Polychloro. 
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B. Of Dxolbfins. 

1. WUh, ** cumulative *' unaaturation, 

2. With ** conjugated ” unaaturation, 

a. C 4 aeries. 

&. Cs series, 
e. Ce aeries, 
d. Cs series. 

3. With ** iaolated ” unaaturation* 


G. Of Tbiolbfins. 

D. Of Tbtraolefins. 

E. Of Alktnbs. 

1. With chlorine attached to C alao bearing tripie bond. 

a. Monochloro. 

b. Dichloro. 

2. With chtorineia) attached to aome C other than that bearing triple bond. 

а. Monochloro. 

ai Chlorine is primary. 

Os Chlorine is tertiary. 

б. Dichloro. 

F. Of Alkadi-tnbs. 

G. Of Alkenynbs. 


UNIT 2. CHLORO SUBSTITUTION PRODUCTS OP UNSATURATED ACYCLIC 

HYDROCARBONS 


A. Of Mono-olefins 


CtHeCla 

l.S-Dichlorobutene-l . 

3:7660 

« 1. With one chlorine on C attached to 




unsaturation 



1 ,3-Dichloro-2-methyl- 


a. 

This chlorine atom is primary 


propene-l 

3:6600 


ai MONOCHLORO 



ai POLTCHLOKO 


CjHsCl 

Vinyl chloride 

3:7010 

C 4 H 6 CI 1 

1 ,3-Dichloro-2-(chloro- 




CsHfiCl 

1-Chloropropene-l . . . 

3:7030 


methyl) propene -1 . . 

3:9060 

C 4 H 7 CI 

1-Chlorobutene- 1 

3:7110 

C 4 H 4 CI 4 

1 ,3,4.4-Tetrachloro- 
butene-1 

3:0068 


l-Chloro-2-methyl- 

3:7120 

C«H7C1» 

2-(Chloromethyl) 1,3- 
dichlorobutene-1 . . . 

3:0201 




CftHsCl 

1-Chloropentene-l . . . 

3:7420 

b. 

This chlorine atom is aecondary 


l-Chloro-2-methyl- 



bl MONOCHLORO 



butene-1 

3:7303 

CsHsCl 

2-Chloropropene-l. . . . 

3:7020 


l-Chloro-3-methyl- 

3:7216 

C 4 H 7 CI 

2-Chlorobutene-l 

3:7076 


butene-1 

2-Chlorobutene-2 

3:7106 

CeHuCl 

1-Chlorohexene-l 

3:7630 

C 4 H 9 CI 

2-Chloropentene-l .... 

«:nM 



3:8210 


2-Chloropentene-2. . . . 

3:7286 

C 7 H 1 SCI 

l-ChlorohepteneF>l 


3-Chloropentene-2. . . . 

3:7240 


at DICHLOBO 



3-Chloro-2-methyl- 


CACla 

1,3-Diohloropropene-l 

3:6280 


butene-2 

3:7336 
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CcHuCl 

2- Chlorohexene-l 

3- Chlorohexene-3 

3:7530 

3:7535 


2-Chloro-3,3-dimethyl- 
butene-l 

3:7340 

CtHuCI 

2 -Chloroheptene-l 

3:7988 


4-Chloroheptene-3 . . . 

3:8023 


3-Chloro-2,4-dimethyl- 
pentene -2 

3:7005 

CaHiaCl 

2-Chloro-octene-l . . . 
2-Chloro-octene-2 . . . 
4-Chloro-octene-4 . . 

3:8340 

3:8345 

3:8230 


2-Cliloro-3-ethyl-3- 
methylpentene- 1 . . . 

3:8115 

CioHwCl 

5-Chlorodecene-5 

3:9712 


hi OICHLORO 


CaHaCh 

2,3-Dichloropropene-l 

3:5190 

CiEiCU 

2,3-Dichlorobutene-l . 

3:9074 


1 ,2-Dichlorobutene-2 
(h.-b.) 

1 . 2 - Dichlorobutene -2 

(l.-b.) 

1.3- Dichlorobutene-2 . 

3:5615 

3:6360 

3:5550 

CaHaCla 

2,5-Dichloropontene-2 

3,4-Dichloropentene-2 

3:9202 

3:8045 


1 ,3-Dichloro-2-methyl- 
butene -2 

3:8170 


ba POLYCHLORO 


CiUiCU 

1 .2.4- Trichloro- 

butene -2 

2.3.4- Trichloro- 

butene -2 

3:9062 

3:9064 

C 4 H 4 CI 4 

2,3, 3,4-Tetrachloro- 
butene -1 

3:9060 


2. With two chlorine atoms on C attached 
to unsaturation 

a. Both these chlorines are on same 


C atom 

CsHsCh 1,1-Dichloroethylene.. 3:6005 

CalLCh l,l>Dichloropropene-l 3:5120 

CaHeCls l,l-Dichloro>2-methyl- 

propene-1 3:5300 

CsHCla 1,1,2-Trichloro- 
ethylene 8:5170 


CaHaCla 

1,1,2-Trichloro- 



propene -1 

. 3:5395 

CACli 

1 , 1 ,3-Trichloro-2- 



methylpropene-l . . . 

. 3:5025 

CfiHaCla 

1,1,2-Trichloro- 



hexene -1 

3:9326 

C 2 CI 4 

Tetrachloroethylene . . 

^ 3:5460 

CsHCU 

1, 1 ,2,3,3-Pentachloro- 



propene-l 

3:6075 

CaCle 

Hexachloropropene . . . 

3:6370 


These two chlorines are < 
ent carbons 

(-~c=c-) 

1 1 

Cl Cl 

on differ- 

C 2 H 2 CI 2 

m- 1 ,2-Dichloro- 



ethylene 

trans- 1 , 2-Dicliloro- 

3:5042 


ethylene 

3:5028 

CaHaCla 

1,2-Dichloropro- 



pene -1 (h.-b. isomer) 
1 ,2-Dichloropropene-l 

3:5150 


(l.-b. isomer) 

ci8-2,3-Dicliloro- 

3:5110 


butene -2 

<ra/is-2,3-Dichloro- 

3:5500 


butene -2 

3:7395 

CellioCla 

1,2-Dichlorohexene-l . 

3:9330 

C 2 HCI 3 

1,1,2-Trichloro- 



othylene 

3:5170 

CjHsCls 

1, 1,2-Trichloropro- 



pene -1 

1 ,2,3-Trichloropro- 

3:5395 


pene -1 

3:5650 

CJH 2 CI 4 

1,2,3,3-Tetrachloro- 



propene-l 

3:5920 

C 4 CI 4 

Tetrachloroethylene . , 

3:5460 

C4H2Cla 

1,1,2,3,4,4-Hexar 

chlorobutene -2 



(liquid isomer) 

8:9046 


(solid isomer) 

3:1945 

CaHeCU 

1,2.3, 4,5, 6 -Hexa- 



chlorohexene-3 

3:1220 
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3. With none of the chlorine atoms on C 


attached to unsaturation 
a. Monochloro 

CsHbCl 3>Chloropropene-l .... 3 : 7035 

C4H7CI 3-Chlorobutone>l 3:7090 

4-Chlorobutene-l 3:7151 

l-Chlorobufcene-2 3 : 7205 

3- Chloro-2-methyl- 

propene-l 3:7145 

CbHjCI 3-Chloropentene-l .... 3 : 7260 

4- Chloroponteiie-l 3 : 7350 

5- Chloropentene-l 3 : 7410 

l-Chloropentene-2 ... 3:7470 

4- Chloropentene-2 ... 3:7400 

5- Chloropentene-2. . . . 3:7455 


2-(Chloromethyl)- 


butene-1 3:9214 

3- Chloro-2-methyl- 

butene-1 3:7300 

l-Chloro-2-methyl- 
butene-2 3:7485 

4- Chloro-2-methyl- 

butene-2 3:7465 

CeHiiCl 3-Chlorohoxene-l 3:9334 

4-Clilorohexene-l 3 : 7655 

6-Chlorohexene-l 3:7665 

l-Chlorohexene-2. . .. 3:7620 

4-Clilorohexene-2 3 : 7675 

l-Chlorohexene-3 3:9336 

3- Chloro-2-methyl- 

pentene-1 3:7660 

4- Chloro-4-methyl- 

pentene-1 3 : 7500 

5- Chloro-2-methyl- 

pentene-2 3 : 7915 

4-Chloro-3-methyl- 
pentene-2 3 : 9338 

l-Chloro-2,3-di- 
methylbutene-2. . . . 3:7520 

CtHwCI 3-Chloroheptene-l.... 3:0412 
4-Chloroheptene-2 .... 3 ; 8050 


4-Chloro-6-methyl- 

hexene-1 3:7780 

4-Chloro-3-methyl- 

hexene*2 3:9414 

4-Chloro-5-methyl- 
hexene-2 3:7890 


CtHisCI 4-Chloro-2,4-dimethyl- 

Contd. pentene-1 8:7725 

4-Chloro-2,4-dimothyl- 

pentene-2 3 : 9418 

CsHisCl 3-Chloro-octene-l . . . . 3:9518 

4-Chloro-octene-2 . . . . 3:8185 

4-Chloro-6-methyl- 
heptene-1 8:8205 

6-Chloro-2-metliyl- 

heptene-2 3 : 9520 

4-Chloro-3-methyl- 

heptene-2 3:9524 

4-Chloro-6-methyl- 

heptene-2 3 : 9525 

6-Chloro-4-methyl- 
heptene-3 3 : 9526 

4-Chloro-2,6-dimethyl- 
hexeno-2. . . ... 3:9529 

4-Chloro-3,5-dimethyl- 

hexene-2. . . ... 3:9528 

2-Chloro-2, 5-dimethyl- 
hoxene-3 3:9527 

l-Chloro-4-ethyl- 
hexene-3 3 : 8510 

C9H17CI 4-Chloro-7-methyl- 

octeno-2 3:9628 

6-Chloro-4-methyl- 
octene-3 3:9624 

4-Chloro-3,6-dimethyl- 
heptene-2 3 : 9630 

C10H19CI 4-Chloro-3,7-dimethyl- 

octene-2 3:9714 

4-Chloro-3 ,4-diethyl- 

hexene-2 3:9716 


6. Dichloro 


C8H4C19 3,3-Dichloropropene-l 3:5140 

CBHeCla 3,4-Dichlorobutene-l . 3:5350 

l,l-Dichlorobutene-2 . 3:7685 

l,4-Dichlorobutene-2 . 3:5725 

3-Chloro-2-(chloro- 

inethyl)propene-l . . 3:5683 

3.3- Dichloro-2-methyl- 

propene-1 3:7480 

CsHsCla 3-Chloro-2-(chloro- 

methyl)-butene-l ... 3 : 9200 

3.3- Dichloro-2-niethyl- 

butene-1 8:7690 

1 .4- Dichloro-2-methyl- 

butene-2 8:9204 
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e. 

Polychloro 

3,3,3-Trichloro- 
propene'l 

8:5840 

CiHiCla 

3,3,3-Trichloro-2- 
methylpropene*! . . . 

8:5605 

C^BsCU 

1 , 1 , 1 ,4 ,4-Pentachloro- 
butene *2 

8:0054 

CiHsCle 

Hexachlorobutene-X. . 
Hexachlorobutene-Y. . 

8:0048 

8:9050 

B. Of Dioleflns 


1. With ** cumulativ€ ** unsaturation 
C 4 H(C 1 4*Chlorobutadiene-1.2 

C 5 H 7 CI 

l-Chloro-S-methyl- 
butadieiie- 1.2 

3:7390 

C 6 H.C 1 

l-Chloro-3-metliyl- 
pentadiene- 1,2 

3:9814 

CyHiiCl 

l-Chloro-3-ethyl- 
pentadiene- 1,2 

8:9406 

2. With ** conjugated** unsaturation 
a. C 4 series 

C 4 H«C 1 l-Chlorobutadiene^l.S 8:7210 

2-Chlorobutadiene-l .3 3 : 7080 

C 4 H 4 CU 

1 .2- Dichlorobuta- 

diene-1,3 

2.3- Dichlorobuta- 

diene-1,3 

3:9057 

3:5220 

C4H|C]< 

l,2,3-Trichlorobuta> 
diene>l,3 

8:9052 

C 4 HSCI 4 

1 ,2,3,4-Tetrachloro- 
butadiene-1,3 

(solid isomer) 

(liquid isomer) 

8:0870 

3:6150 

CiHCb 

1 , 1 ,2,3,4-Pentachloro- 
butadiene-1,3 

8:9044 

C4Cae 

Hexachlorobuta- 
diene-1,3 

8:6425 

b, 

CiHTa 

C« aeries 

3-Chloropenta- 
diene-1,3 

8:7860 


l-Chloro- 2 -methyl« 
butadiene-1,3 

8:9200 


8 -Chloro- 2 -methyl- 

butadieae-1,3 

4-Chloro-2-methyl- 
butadieae-1,3 

8:7290 

8:7855 


CtHeCls 

l-Chloro-2-(chloro- 
methyl)-butadiene- 
1,3 

3:9195 

e. 

C,H/3l 

Cg series 

3-Chlorohexadiene-l ,3 

3:9312 


1- Chloro-3-methyl- 

pentadiene-1,3 

2- Chloro>3-methyl- 

pentadiene-1,3 

8:9316 

3:9318 

CeHsCla 

1 ,3-Dichlorohexa- 
diene-2,4 

8:9310 

CeHtCU 

1,3,4,6-Tetrachloro- 
hexadiene-2,4 

8:9306 

d. 

CgHwCl 

Cs series 

3-Chloro-octadiene- 1 ,3 

S:9SM 

3. With ** isolated ** unsaturation 

CsHtCU 3,3,6-Trichlorohexa- 

diene-1,4 

3:9308 

CtHuCI 

4-Chlorohepta- 
diene- 1,6 

3:8085 

CaHisCl 

2-Chloro-6-methyl-5- 

methyleneheptene -2 

3:9614 

C. OfTriolefina 

CeHgCla 3,6-Dichlorohexa- 

triene-1,3,4 

3:9304 

CeHgClg 

3,4,6-Trichlorohexa- 
triene-1,2,4 

3:9302 

D. Of Tetraoleflns 

CeHgCl 3-Chlorohexar 

tetraeiie-1,3,4,5. . . . 

3:7735 

C 6 H 4 CI 3 

3,4-Dichlorohexa- 
tetraen6-l,2,4,6 . . . . 

3:9300 

E. Of Alkynes 


1. With chlorine attached to C also hear- 
ing triple bond 

a. Monochloro 

C|HC1 Chloroacetylene 8:7000 

CeHiGl 

l-Chlorohexyneol .... 

8:9820 

C 7 H 11 OI 

l*Chloroheptyne-l .... 
l-Chloro-3«ethyl- 
pent3me-l 

8:8082 

8:9410 

CsHuCl 

1 -Chloro-oetyne-l .... 

8:9510 

CiHiiCl 

l-ChlomnoDyiie-l .... 

8:9618 
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h. 

Dichloro 



3-Chloro-3-metbyl- 


CjCla 

Dichloroacetylene. . . . 

8:5010 


heptyxie-4 

3:0510 

3. With chlorineCs) attached to some C 

CbHuCI 

2-Chloro-2-methyl- 

S:Nin 

other than that hearing triple 

bond 


octyne-3 

0. 

Monochloro 


CioHnCl 

3-Chloro-3-methyl- 
nonyne-4 

3:0710 


ai CHLORINE IS PRIMARY 




CsHsCl 

3-Chloroprop3me-l .... 

8:7100 

5. 

Dichloro 





CaHuCb 

2,5>Dichloro>2,5> 


C^HsCl 

l-Chlorobutyne-2 

3:7175 


dimethylh6xene<3 . . 

8:0504 

CsHua 

l-Chloro-octyne-2 

3:0514 

F. Of Alkadi-ynes 





C4Cla 

1 .4*Dichlorobuta- 



as CHLORINE IS TERTIARY 



di-yne-1,3 

8:0040 

CjHrCl 

3-Chloro-3-methyl- 






butyne-1 

3:7155 

G. Of Alkenynes 





CiHsCl 

l-Chlorobuten-3- 


cji»a 

3-Chloro-3-methyl- 



yne-1 

8:7070 


pentyne-1 

3:0388 




4-Chloro-4-methyl- 


C7H.C1 

5-Chloro-5>methyl- 



pentyne-2 

3:0384 


hexen-l-yne-S 

8:0408 


UNIT 3. CHLORO SUBSTITUTION PRODUCTS OF HYDROCARBONS 
CONTAINING CYCLIC NUCLEI 
(Summary of Classification of Unit 3) 

A. Op Cycloalkanes. 

B. Of Mononttclbar Aromatic Hydrocarbons. 

1. With all chlorine in nucleus. 

2. With all chlorine in side chainis). 

a. Saturated side chain (s). 

h. Unsaturated side chain (s). 

3. With chlorine both in ring and in side chainis). 

C. Op Polynuclear Aromatic Hydrocarbons. 

1. With all chlorine in nucleus. 

a. Systems with uncondensed rings. 

b. Systems with condensed rings. 

2. With all chlorine in side chain(s). 

a. Systems with two imcondensed rings. 

b. Systems with two condensed rings. 

c. Systems with three uncondensed rings. 

3. With chlorine both in nucleus and side chain. 


UNIT 8. CHLORO SUBSTITUTION PRODUCTS OF HYDROCARBONS 
CONTAINING CYCLIC NUCLEI 


A. Of Cycloalkanes 

CftH»Cl Chlorooy clopentane ... 3 : 7545 

CeHiiCl Chlorocyclohezane 3:8040 

CeHfClc ci8-1.2.3,4,5,6-Hexa- 

chlorocyclohexane . . 8 : 4410 

(rans-l,2,3t4,5|6*-Heza‘‘ 
chlorocyclohezane. . 3:4000 


B. Of Mononuclear Aromatic 
Hydrocarbons 


1. With all chlorine in nucleus 


CsHftCl 

Chlorobensene 

3:7003 

CeHiClt 

o-Dichlorobensene. . . . 

3:0055 

m-Dichlorobensene . . . 

3:5000 


p-Dichlorobenaene. . . . 

8:0060 



1398 

CHEMICAL 

CAClt 

1,2,3-Trichlorobenzene 

3:3990 


1 ,2 ,4-Trichlorobenzene 

3:9430 


1 ,3,5-Trichlorobenzene 

3:1490 

CeHaCU 

1 ,2,3,4-Tetrachloro- 



benzene 

1 ,2,3,6-Tetrachloro- 

3:0655 


benzene 

1,2,4,5-Tetrachloro- 

3:9915 


benzene 

3:4115 

CeHCU 

Pentachlorobenzene . . 

3:3399 

C.CU 

Hexachlorobenzene . . . 

3:4939 

C 7 H 7 CI 

o-Chlorotoluene 

3:8345 


m-Chlorotoluene 

3:8375 


2 >-Chlorotoluene 

3:8387 

C 7 H 6 CI 2 

2,3-Dichlorotoluene. . . 

3:6345 


2,4-Dichlorotoluene. . . 

3:6390 


2,5-Dichlorotoluene. . . 

3:6345 


2 , 6 -Dichlorotoluene . . 

3:6370 


3,4-Dichlorotoluone. . . 

3:6355 


3,5-Dichlorotoluene. . . 

3:6310 

C 7 HBCI 8 

2,3,4-Trichlorotoluene 

3:0435 


2,3,5-Trichlorotoluene 

3:0610 


2,3,6-Trichlorotoluene 

3:0635 


2,4,5-Trichlorotoluene 

3:3100 


2,4,6-Trichlorotoluene 

3:0380 


3,4,6-Trichlorotoluene 

3:0580 

C 7 H 4 CI 4 

2,3,4,5-Tetrachloro- 



toluene 

2,3,4, 6-Tetrachloro- 

3:3710 


toluene 

2,3,6,6-Tetrachloro- 

3:3480 


toluene 

3:3575 

C 7 H 1 CI 6 

2,3,4,5,6-Pentachloro- 



toluene 

3:4937 

CaH^Cl 

o-Chloro-ethylbenzene 

3:8550 


j)-Chloro-othylbenzene 

3-Chloro- 1 ,2-dimethyl- 

3:8570 


benzene 

4-Chloro-l ,2-dimethyl- 

3:8645 


benzene 

2-Chloro-l ,3-dimethyl- 

3:8675 


benzene 

4-Chloro-l ,3-dimethyl- 

3:8590 


benzene 

5-Chloro-l ,3-dimethyl- 

3:8665 


benzene 

2-Chloro-l ,4-dimethyl- 

3:8640 


benzene 

3:8600 

C 9 H 11 CI 

4-Chloro-isopropyl- 



benzene 

3:8705 
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C.HuCl 

2-Chloro-l ,3,5-tri- 


Contd. 

methyl benzene 

3:8735 

CioHiaCl 

2-Chloro-p-cymene . . , 

3:8775 


3-Chloro-j)-cymene . . . 

3:8770 

2. With all chlorine in side chain(s) 

a. 

Saturated side chain (s) 


C 7 H 7 CI 

Benzyl chloride 

3:8535 

CyHcCla 

Benzal (di) chloride. . . 

3:6337 

CtHbCU 

Benzotr ichloride 

3:6540 

CsHbCI 

a-Chloroethylbenzene 

3:8667 


/8-Chloroethylbenzene . 

3:8713 

CsHgCla 

a,i3-Dichloroethyl- 



benzene 

3:6685 

CgHjjCl 

o-Xylyl chloride 

3:8710 


m-Xylyl chloride 

3:8700 


p-Xylyl chloride 

3:8660 

CgHsCla 

o-Xylylene (di)- 



chloride 

m-Xylylene (di) 

3:1040 


chloride 

2>-Xylylene (di)- 

3:0310 


chloride 

3:3835 

C«HuCl 

7 -Chloro-n-propyl- 



benzene 

a-Chloroisopropyl- 

3:8777 


benzene 

3:9610 

CioHxaCl 

2,3,6-Trimethylbenzyl 



chloride 

2,4,5-Trimethylbenzyl 

3:9701 


chloride 

2,4,6-Tnmethylbenzyl 

3:9703 


chloride 

4-Isopropylbenzyl 

3:0373 


chloride 

j8-Chloro-<er-butyl- 

3:8795 


bonzene 

3:8780 

h. Unsaturated side chain(s) 


CsHbCI 

«-Chlorophenyl- 



acetylene , 

o-Chlorophenyl- 

3:9494 


acetylene 

w-Chlorophenyl- 

3:9497 


acetylene 

2)-Chlorophenyl- 

3:9500 


acetylene 

3:0590 


CsHyCl cx-Chlorovinylbenzene 3:8715 
/S-Chlorovinylbenzene. 3:8717 
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C9H9CI l-Chloro-l-phenylpro- 

pene-1 3 : 9604 

2- Chloro- 1-phenylpro- 

pene-1 3:9606 

3- Chloro- 1-pheny Ipro- 

pene-1 3:0010 

l-Chloro-2-phenylpro- 
pene-l 3:8743 

1- ChlorO“3-phenylpro- 

pene-1 8:8737 

2- Chloro-3-phenylpro- 

peno-1 3:9608 


3. With chlorine both in ring and in side 
chain{s) 


C 7 H 6 CI 2 o-Chlorobenzyl 

chloride. , 3:6400 

w-Chlorobenzyl 

chloride 3:6445 

p-Chlorobenzyl 

chloride 3 : 0230 

CtHbCIs 2,6-Dichlorobenzyl 

chloride. . . . 3:0410 

3.4- Dichlorobenzyl 

chloride . 3 : 6795 

3 . 5 - Dichloroben 2 yl 

chloride 3 : 0350 

o-Chlorobenzal 

(di) chloride 3:6635 

m-Chlorobenzal 

(di) chloride 3:6710 

p-Chlorobenzal 

(di)chloride 3:6700 

C 7 H 4 CI 4 2,4-DichlorobenzaI 

(di) chloride 3:9399 

2.5- Dichlorobenzal 

(di) chloride 3 : 0490 

2,^Dichlorobenzal 

(di) chloride 3 : 9398 

3.4- Dichlorobenzal 

(di) chloride 3:6867 

3.5- DichlorobenzaI 

(di) chloride 3:0370 

o-Chlorobenzotri- 

chloride 3 : 6880 

m-Chlorobenzotri- 

ohloride 3:6845 

p-Chlorobenzotri- 

chloride 3:6835 

CrHaCU 2,3,4-Trichlorobeiizal 

(di)chloride 3:3313 

2,3«6>Trichlorobenzal 

(di)chloride 8:3178 


CtHsCU 2,4,5>Trichlorobenzal 

Contd. (di) chloride 3:6910 

2,4r6-Trichlorobenzal 

(di) chloride 3:0143 

C 7 H 2 CI 8 2,3,4,5-Tetrachloro- 

benzal (di) chloride . 3:9397 

2.3.4.6- Tetrachloro- 

benzal (di) chloride . 3:6980 

2.3.5.6- Tetrachloro- 

benzal (di) chloride . 3:6980 

C 7 HCI 5 Pentachlorobenzal 

(di)chloride 3:3590 

C. Of Polynuclear Aromatic Hydrocarbons 
1. With all chlorine in nucleus 

a. Systems with imcondensed rings 


C 12 H 9 CI 2 -ChloTobiphenyl 3:0300 

3- Chlorobiphenyl .... 3:8940 

4- Chlorobiphenyl 3 : 1913 


Ci 2 H 8 Cl 2 2,2'-Dichlorobiphenyl. 3:1335 

2.3- Dichlorobiphenyl . 3:9850 

2,4'-Diclilorobiphenyl . 3:0670 

2,6-Dichlorobiphenyl . 3:9854 

3,3'-Dichlorobipehnyl . 3:0180 

3.4- Dichlorobiphenyl . 3:0685 

3.5- Dichlorobiphenyl . 3:0360 

4»4'-Dichlorobiphenyl. 3:4300 

C 18 H 10 CI 2 4,4'-Dichlorodiphenyl- 


methane 3:1057 

C 14 H 10 CI 2 1 , 1-Di- (p-chloro- 

phenyl) ethylene 3 : 3475 

CmHuCL 1 . l-Di-(p-chloro- 

phenyl) ethane 3 : 0995 

6 . Systems with condensed rings 
C 10 H 7 CI 1-Chloronaphthalene . 3:6878 

" 2-Chloronaphthalene . 3:1385 

CioHeCla 1,2-Dichloronaphtha- 

lene 3:0330 

1 .3- Dichloronaphtha- 

lene 3:1310 

1 .4- Dichloronaphthar 

lene 3:1655 

1 .5- Dichloronaphthar 

lene 3:3300 

1 ,G-Dichloroiiaphtha- 
lene 3:0810 

1 . 7- Dicliloronaphtha- 

lene 3:1385 

1 . 8 - Dichloronaphtha> 

lene 3:3435 

2,3-Dichloronaphtha- 
lene 3:3665 

2.6- Dichloronaphtha> 

lene 3:4040 

2.7- Dichlo^onaphthE^- 

lene 3:3445 
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C 10 H.C 1 I 

1,2,3-Trichlora- 



naphthalene 

1,2,4-Trichloro- 

8:2125 


naphthalene 

1,2,5-Trichloro- 

8:2490 


naphthalene 

1,2,6-Trichloro- 

8:1930 


naphthalene 

1,2,7-Trichloro- 

3:2815 


naphthalene 

1,2,8-Trichloro- 

3:2825 


naphthalene 

1,3,6-Trichloro- 

8:2220 


naphthalene 

1,3,6-Trichloro- 

3:3015 


naphthalene 

1,3,7-Trichloro- 

8:1975 


naphthalene 

1,3,8-Trichloro- 

3:3400 


naphthalene 

1,4,6-Trichloro- 

3:2420 


naphthalene 

1,4,6-Trichloro- 

3:4005 


naphthalene 

2,3,5-Trichloro- 

3:1625 


naphthalene 

2,3,6-Trichloro- 

8:3300 


naphthalene 

8:2455 

CioCli 

Octachloronaptha- 


lene 

3:4893 

CioHsCU 

1 ,2,3,4-Tetrachloro- 
1 ,2,3,4-tetrahydro- 



naphthalene 

5,6,7,8-Tetrachloro- 
1 ,2,3,4-tetrahydro- 

3:4750 


^ naphthalene 

3:4703 

Ci4HsC1* 

9,10-Dichloro- 


anthracene 

3:4916 


2. With aU chlorine in side chain{s) 


a. 

SyBtems with two uncondensed 

CiiHiiCl 

rings 

a-Chloro- 


diphenylmethane. . . 

8:0060 

CuHioCU 

a,a-Diohloro- 


diphenylmethane. . . 

8:6960 

CtiHuCl 

1 , 1-Diphenylethyl 

8:9870 

chloride 


2,2-Diphenylethyl 
chloride 

8:9871 

Ci4HisC1s 

4,W,2-Dichloro-l,2- 

3:2570 

diphenylethane 


tne«o-l,2-Dichloro-l,2- 
diphenylethane 

8:4854 


l,l-Dichloro-2,2- 
diphenylethane 

8:1940 


CmHuCU 

1,1, l-Trichloro-2,2- 
diphenylethane 

8:1420 

C 14 H 10 CI 4 

1 , 1 ,2,2-Tetrachloro-l , 
2-diphenylethane. . . 

8:4496 

CiiHioCls 

c«-l ,2-Dichloro-l,2- 
diphenylethylene. . . 
<ran«-l ,2-Dichloro- 
1 ,2-diphenylethy 1- 
ene 

8:1380 

3:4210 


1, l-Dichloro-2,2-di- 
phenylethylene 

3:1938 

6. Systems with two condensed rings 

CUH 9 CI 

1- (Chloromethyl)- 

naphthaJone 

2- (Chloromethyl)- 

naphthalene 

3:0250 

3:0747 

c. Systems with three uncondensed 

rmgs 


CjsHisCl 

a-Chlorotriphenyl- 
methane 

3:3410 

C»H«C1 

l-Chloro-1,2,2- 
triphenylethylene . , 

3:3560 

8. With chlorine both in nucleus and in 
side chain 

CiiHioCU 

1 , l-Dichloro-2,2- 
l)i«-(p-chloro- 
phenyl) ethane 

8:3820 


1 , l-Dichloro-2-(o- 
chlorophenyl)- 2 -( 3 >- 
chlorophenyl)- 
othane 

3:1890 

CX 4 H 9 CU 

1,1, l-Trichloro-2,2- 
5ts-(o-chlorophenyl)- 

ethane 

1,1, l-Trichloro-2,2- 
W8-(p-chloro- 
phenyl)ethane 

3:9865 

8:8298 


1,1, l-Trichloro-2-(o- 
chlorophenyl) -2- 
(p-chlorophenyl)- 

ethane 

l,l,l-Trichloro-2-(m- 
chlorophenyl) i2- 
(p-chlorophenyl)- 
ethane 

8:1820 

3:9867 

CisHsClc 

1,1,1 ,2-Tetrachloro-2, 
2-bt8-(p-chloro- 
phenyl)ethane 

3:2477 
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CuHtCU l-Chloro-2,2-6w-(p- 
chlorophenyl)- 

ethylene 3:1430 

CmHsCIi l,l-Dichloro-2,2-6M- 
(p*chlorophenyl)- 
ethylene 3:3438 


GuHsGU l,l-Dichloro-2-(o- 
Gontd. chlorophenyl)-2- 

(p-chlorophenyl)- 
ethylene 8:1033 

1 , l-Dichloro-2-(m- 
chlorophenyl)-2- 
(p-chlorophenyl)- 
ethylene 3:0803 


UNIT 4. CHLORO SUBSTITUTION PRODUCTS OF HYDROXY COMPOUNDS 


(Summaiy of Classification of Unit 4) 


A. Of Alcohols. 

1. Of acyclic alcohoUt. 

a. Saturated monohydrio. 
ai Primary, 
aa Secondary. 
a« Tertiary. 
h. Saturated dihydric. 
c. Unsaturated (olefinic) monohydric. 

Cl Primary, 
ca Secondary. 

2. Of cydanols {alicyclic alcohols). 

3. Of aromatic alcohols. 

4. Of alcohols containing also other functional groups, 
a. Ether/alcohols. 

h. Ester/alcohols. 

c. Ether/ester/alcohols. 

d. Acid/alcohols (hydroxy acids). 

B. Of Phenols. 

1. Of mononuclear phenols, 
a. Monohydric. 

ai Derivatives of phenol. 

aa Derivatives of methylphenols. 

aa Derivatives of xylenols. 

a 4 Derivatives of miscellaneous alkylphenols. 

as Derivatives of phenolic aldehydes. 

a« Derivatives of phenolic acids. 

a? Derivatives of phenolic acid chlorides. 

h, Dihydric. 

bi Derivatives of pyrocateohol. 
ba Derivatives of resorcinol, 
bs Derivatives of hydroquinone. 
c. Trihydric. 

2. Of hinudear phenols, 
a. Monohydric. 

ai With unoondensed rings, 
aa With condensed rings. 
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UNIT 4. CHLORO SUBSTITUTION PRODUCTS OF HYDROXY COMPOUNDS 


A. Of Alcohols 


CsHfiOCIs 

1,1,1-Trichloro- 
propanol-2 


1. Of acyclic alcohols 



3:0846 

a. Saturated monohydrio 

ai PRIMARY 


caj«OCl4 

1,1,1 ,3-Tetraohloro- 
propanol-2 

3:9036 

C 2 H 6 OCI 

2-Chloroethaziol>l .... 

3:5552 


1 , 1 ,3,3-Totrachloro- 
propanol-2 

3:9037 

C2H40Cla 

2,2-Dichloroethanol-l . 

3:5745 


CaHaOCla 

2,2,2-Trichloro- 


CsHaOCl 

l-Chlorobutanol-2. , . . 
3-Clilorobutanol-2 .... 

3:8025 

3:8000 


ethanol-1 

3:5775 


erythro-S-Chioio- 





butanol-2 

3:8004 

CaHrOCl 

2-Chloropropanol-l . . . 

3:7917 


/Ar«o-3-Chloro- 

CsHflOCla 

3-Chloropropanol-l . . . 

3:8285 


butanol-2 

4-Chlorobutanol-2 .... 

3:8002 

3:9175 

2,3-Dichloro- 




propanol- 1 

3:6060 

CsHsOCls 

1 ,3-Dichlorobutanol-2 




U • 9Xsv 

GAOCl 

2-Clilorobutanol-l. . . . 

3:9160 


1 , l-Dichloro-2-methyl- 



3-Chlorobutanol-l .... 

3:9165 


propanol-2 

3:5772 


4-Chlorobutanol-l .... 

3:9170 


C 4 H 7 OCI 8 

2,2,3-Trichloro- 


C 4 H 7 OCI 8 

1,1,1-Trichloro- 
butanol-2 

3:5955 


butanol-1 

3:1336 


C 4 H.OCI 

2-Chloro-2-methyl- 

3:7905 

CsHnCX:! 

l-Chloropentanol-2 . . . 
l-Chloropeutanol-3 . . . 

3:8225 

3:8500 


propanol-1 




3-Ch]oro-2-inethyl- 



2-Chloro-2-methyl- 



propanol- 1 

3:9180 


butanol-3 

3:9290 

CfiHiiOCl 

6-Chloropentanol-l . . . 

3:9295 

as TERTIARY 


CsHnOCl 

6-Chlorohexanol-l 

3:9395 

C 4 H 9 OCI 

l-Chloro-2-methyl- 
propanol-2 

3:7752 

C 7 HWOCI 

7-Chloroheptanol-l . . . 

3:0013 

C4H80CI2 

1 ,3-Dichloro-2-methyl- 


CaHnOCl 

8-Chloro-octanol-l .... 

3:9590 


propanol-2 

3:5977 

C 9 H 19 OCI 

9-Chlorononanol-l 

3:0170 

C 4 H 7 OCI 8 

1,1, l-Trichloro-2- 
methyl propanol-2 . . 

3:2662 

CioHjiOCl 

10-Chlorodecanol-l . . . 

3:0014 

CsHuOCl 

l-Chloro-2-inethyl- 


CuHasOCl 

12-Chloro- 
dodecanol-1 

3:0172 


butanol-2 

3-Chloro-2-inethyl- 

3:8175 



butanol-2 

3:8030 

Ci4Hj90C1 

14-Chloro- 



4-Chloro-2-methyl- 

3:8335 

tetradeoanol-l 

3:0375 


butanol-2 

ChHmOCI 

16-Chloro- 


6. Saturated dihydric 


hexadecanol-1 

3:0525 

C 1 H 7 OSCI 

3-Chloropropanediol- 






1,2 

3:9038 

CisHjyOCl 

18-Chloro- 



2-Chloropropanediol- 



3:0985 


1,3 

3:9039 

as 

SECONDARY 

CiH^Oia 

3-Chloro-2-methyl- 

CsHtOCI 

l-Chloropropanol-2 . . . 

3:7747 


propanediol- 1,2. . , . 

3:9190 

GsHsOCla 

1,1-Dichloro- 


c. Unsaturated (olehnic) m(^ohydrio 

propanol-2 

3:5755 

Cl 

PRIMARY 



1,3-Diohloro- 


CsHsOCl 

2-Chloropropen-2-ol-l . 

3:5635 


propanol-2 

3:5985 


3-Cliloropropen-2-61-l . 
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C4H7OCI 2-Chlorobuteii-2-ol-l . 3:8240 

3- Chlorobuten-2-ol-l . . 3 : 8270 

4- Chlorobuten-2>ol-l . 3:9114 

2- Chlorobuten>3-ol-l . . 3 : 9113 

3- Chloro-2-methyl- 

prox)en>2-ol-l 3 : 8340 


02 secondary 

C4H7OCI l-Chlorobuten.3-ol-2 . . 3 : 8110 

3- Chlorobuten-3-ol>2 . 3:9115 

2. Of cyclanols {alicyclic alcohols) 

CeHiiOCl ci«-2-Chlorocyclo- 

hexanol-1 3:9374 

<rans-2-Chlorocyclo- 
hexanol-1 3:0175 

4- Chlorocyclo- 

hexanol-1 3:9376 

3. Of aromatic alcohols 

C8H#0C1 Styrene chlorohydrin . 3:9570 

4. Of alcohols containing also other 


functional groups 
a. Etber/alcohols 

C4H9O2CI 2-(/3-Chloroethoxy)- 

ethanol-1 3 : 9185 

h, Estor/alcohols 

C4H7OSCI /3-Hydroxyethyl 
^ chloroacetate 3:6780 

C4H6O3CI2 /3-Hydroxyethyl di- 

chloroacetate 3 : 9107 

C4H6O8CI8 /3-Hydroxyethyl tri- 

chloroacetate 3 : 9099 

CfiHaOaCl /8-Chloro-7-hydroxy- 

74-propyl acetate ... 3:6648 

7-Cliloro-/3-hydroxy- 

n-propyl acetate 3:6775 

/3-Chloro-/3'-hydroxy- 

isopropyl acetate. . . 3:6517 


c. Ether/ester alcohols 
C6HUO4CI Diethylene glycol 

mono (chloroacetate) 3 : 9390 

CgHisOtCl Triethylene glycol 

mono(chloroacetate) 3:9588 

d. Acid/alcohols 
C4H6O8CI2 j8,j8-Dichloro-ot- 

hydroxyisobutyric 

acid 3:2145 

j3,/3'-Dichloro-a- 
hydroxyisobutyric 
acid 3:2565 


B. Of Phenols 

1. Mononuclear phenols 
a. Monohydric 

ai DEBIVATiyES OF PHENOL 


CeHfiOCl o-Chlorophenol 3 : 5980 

m>Chlorophenol 3:0255 

p-Chlorophenol 3 : 0475 

CeH^OClg 2,3-Dichlorophenol . . . 3:1175 

2.4- Dichlorophenol . . . 3:0560 

2.5- Dichlorophenol . . . 3:1190 

2.6- Dichlorophenol . . . 3:1595 

3,4>Dichlorophenol ... 3 : 1460 

3,5-Dichlorophenol . . . 3:1670 


CflHtOClt 2,3,4-Trichlorophenol . 3:2185 

2»3,5-Triclilorophenol . 3 : 1340 

2.3.6- Trichlorophenol . 3 : 1160 

2,4* 5-Trichlorophenol . 3 : 1620 

2.4. 6- Trichlorophenol . 3 : 1673 

3, 4, 5-Trichlorophenol . 3 : 2885 

CeHgOCU 2,3,4,5-Tetrachloro- 


phonol. 3:3523 

2.3.4.6- Tetrachloro- 

phenol 3:1687 

2.3.6. 6 - Tetrachloro- 

phenol 3:3460 

CeHOCU Pentachlorophenol .... 3 : 4850 

a 2 DERIVATIVES OP THE METHYL- 

PHENOLS (CRESOLS) 

C 7 H 7 OCI 3-Chloro-2-methyl- 

phenol 3:2280 

4- Chloro-2-methyl- 

phenol 3:0780 

5- Chloro-2-methyl- 

phenol 3:1815 

6 - Chloro- 2 -methyl- 

phenol 3:8615 

CiHeOCIs 4,5-Dichloro-2- 

methylphenol 3:2910 

4.6- Dichloro-2- 

methylphenol 3:1020 

C 7 H 7 OCI 2-Chloro-3-methyl- 

phenol 3:1055 

4-Chloro-3-methyl- 

phenol 3:1535 

6-Chloro-3-methyl- 
phenol 3:0700 

CiHeOClg 2,4-Dichloro-3- 

methylphenol 3 : 1205 

2.6- Dichloro-3- 

methylphenol 3 : 0150 

4.6- Dichloro-3- 

methylphenol 3 : 1745 
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CrHfOCli 2,4,6-Trichloro*3- 

xnethylphenol S : M18 

C 7 H 7 OCI 2-Chlor(Ht-methyl- 

phenol 3:6215 

3-Chloro-4-methyl- 
phenol 8:1025 

C 7 H 6 OCIS 2,6>Dichloro4- 

methylphenol 8 : 0400 

as DBRIVATIVSB OF TBB XLYENOLS 

CgHtOCl 5>Chloro-o-3-xylenol . . 8:2115 

6-Chloro>o-3-xylenol . . 8:2218 

3-Chloro-o-4-xylenol . 8:0158 

&-Cliloro-o>4-xylenol . . 3:1754 

6-Chloro-o-4-xylenol . . 8:2705 


6-ChlorO“m-4-xylenol . 3:8784 

6-Chloro-m-4-xylenol . 3:2460 

2-Chloro>m-5-xylenol . 3:3505 

5-Chloro-m>5-xylenol . 3:2180 
8-Chloro-m-5-xylenol . 3:0844 

5-Chloro-p-2-xylenol . . 3 : 1822 

CgHgOCla 4,6-Dichloro-o-3- 

xylenol 3:2442 

3,5>Dichloro-o-4> 
xylenol 3:0935 

3.6- Dichloro-o-4- 

xylenol 3:2216 

5.6- Dichloro-oi4- 

xylenol 3:3005 

2,4-Dichloro-m< 5- 
xylenol 3:2182 

2.6- Dichloro-m>5- 

xylenol 3:2638 

CsHtOCU Trichloro-o*3-xylenol . 3:47^ 

Trichloro-o-4-xylenol . 3:4747 
Trichloro-m-4-xylenol . 3 : 4707 
Trichloro>m-5-xylenol . 3 : 4718 


Trichloro>p*xylenol ... 3 : 4700 

DBRIYATIVBB OF MIBCELLANBOUB 
ALKYLPBBNOL8 

CioHiiOCl 2-Chloro-4-n-butyl- 

phenol 3:8880 

2-Chloro-4>ter-butyl- 
phenol 3:0760 

p-Chlorooarvscrol . . . . 3:0480 
p-Chlorothsrmol 3:1208 


at DEBIVATIVEB OF PHENOUO ALDB- 


HYDBB 

CrHsCbCl 3-Chloro-2-hydroxy- 

benxaldehyde 8 : 1010 

4-Chloro-2-hydroxy- 

benzaldehyde 3 : 0060 

6-Chloro-2-hydroxy- 

benzaldehyde 8 : 2800 


C 7 H 4 C^Cl 3 3,6-Dichloro-2-hy- 

droxybenzaldehyde . 3 : 2637 

C 7 H 6 O 2 CI 2-Chloro-3-hydroxy- 


benzaldehyde 3 : 4085 

4-Chloro-3-hydroxy- 

benzaldehyde 3 : 3780 

6»Chloro-3-hydroxy- 

benzaldehyde 3:3350 


C 7 H 4 O 3 CI 2 2,4-Dichloro-3-hy- 

droyxbenzaldehyde . 3 : 4140 

• 2,6-Dichloro-3-hy“ 

droxybenzaldehyde . 8 : 4160 

4,6-Dichloro-3-hy- 
droxybenzaldehyde . 3 : 3052 

C7HaOaCU 2,4,6-Trichloro-3“hy- 

droxybenzaldehyde . 3 : 3520 

C7Ha02Cl 2-Chloro-4-hydroxy- 


benzaldehyde 3 : 4280 

' 3-Chloro-4-hydroxy- 

benzaldebyde 3 : 4065 

3,5-Dichloro-4-hy-> • 


droxybenzaldehyde 3 : 4400 

as DERIVATIVES OF PHENOLIC ACIDS 


CiHtOsCl 3-Chloro-2-hydroxy- 

benzoic acid 3:4745 

4-Chloro-2-hydroxy- 

benzoic acid 3 : 4008 

6-Chloro-2-hydroxy- 

benzoic acid 8 : 4705 

6-Chloro-2-hydroxy- 
benzoic acid *3 : 4610 

CrHaOsCla 3,6-Dichloro-2-hy- 

droxy benzoic acid. . 3:4035 

CrHaOaCl 2-Chloro-3-hydroxy- 

benzoic acid 3 : 4395 

4-Chloro-3-hydroxy- 
benzoic acid ........ 8:4083 

6-Chloro-3-hydroxy- 
benzoic acid 8:4720 

CiHaOiCl 2-Chloro-4-hydroxy- 

benzoic acid 8:4480 

3-Chloro-4-hydroxy- 

benzoic acid 3:4675 

3|5-Dichloro-4-hy> 
drozy benzoic acid . . 8:4050 
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ar PBBNOUC ACID CHLORIDES 


C 7 H 5 O 2 CI 2-Hydroxybenzoyl 

chloride 8:0M5 

3- Hydroxy benzoyl 

chloride 3:9446 

4- Hydroxybenzoyl 

chloride 8:9447 

h. Dihydric 

bi DERIVATIVES OP PYROCATBCHOL 

CsHfiC^Cl 3-Chlorocatechol 3:0745 

4-Chlorocatechol 3:2470 

C 6 H 402 C 12 3,5-Dichlorocatechol. . 8:2192 

4,5-Dichlorocatechol. . 3:3525 

OeH802Cl8 3,4,6-Trichloro- 

catechol 3:3448 

CeHsOsCh Tetrachlorocatechol . . 3:4875 

b2 DERIVATIVES OF RESORCINOL 

CeHsOsCl 2-Chlorore8orcinol . .. 3:2090 

4-Chlororesorcinol . . . 3:3100 
6-Chlororeeorcinol , . 3:3530 

CeHiOaCIz 4,6-Dichlororesorcinol 3:3380 


CeHsOsCls 2,4,6-Trichloro- 

resorcinol 3 : 2174 

C 6 H 202 C 14 Tetrachlororesorcinol . 3:4135 

bs DERIVATIVES OF HTDROQUINONE 

CeHfiOaCl 2-Chlorohydro- 

quinone 3:3130 

CeH 40 aCl 2 2,3-Dichlorohydro- 

quinone. ... 3:4220 

2.5- Dichlorohydro- 

quinone 3:4090 

2.6- Dichlorohydro- 

quinone 3:4600 

CeHsOaCls 2,3.5-Trichlorohydro- 

quinone 3:4052 

C 6 H 2 O 2 CI 4 Tetrachlorohydro- 

quinone 3:4941 

C 6 H 8 O 4 CI 2 2,6-Dichloro-3,6-dihy- 

droxybenzoquinone- 
1,4 3:4970 

e. Trihydrio 

CftHaOiClt 4,5)6-Tnchloro- 

pyrogollol 8:4782 


CeHiOiCU 3,6,6-Trichloro-2-hy- 
Contd. droxyhydroquinone. 8:4444 

2,4,6-Trichlorophloro- 
glucinol 8:4080 

3. Of binudear phenols 
a. Monohydric 

ai WITH UNCONDENSED RINGS 


Ci 2H»OC1 3-Chloro-2-hydroxy- 

biphenyl 3:1757 

6-Chloro-2-hydroxy- 

biphenyl 8:8980 

3-Chloro-4-hydroxy- 

biphenyl 8:1900 

4'-Chloro-4-hydroxy- 

biphenyl. 3:4202 

at WITH CONDENSED RINGS 

C 10 H 7 OCI 2-Chloronaphthol-l . . . 8:1490 

3- Chloron aphthol-1 ... 8 : 4170 

4- Chloronaphthol-l. . . 8:3720 

5- Chloronaphthol-l ... 8 : 3900 

6- Chloronaphthol-l ... 8 : 2015 

7- Chloronaphthol-l . . . 3:3810 

S-Chloronaphthol-1 ... 8 : 1010 

CioHeOCla . 2,3-Dichloro- 

naphthol-1 3:2935 

2.4- Dichloro- 

naphthol-1 3:3250 

6.7- Dichloro- 

naphthol-1 3 : 3985 

5.8- Dichloro- 

naphthol-1 3 : 8420 

6.7- Dichloro- 

naphthol-1 8:4315 

7.8- Dichloro- 

naphthol-1 8 : 2035 

CioHiOCl l-Chloronaphthol-2. . . 3 : 1700 

3- Chloronaphthol-2 ... 8 : 2545 

4- Chloronaphthol-2 ... 3 : 3045 

5- Chloronaphthol-2. . . 8:3945 

6- Chloronaphthol-2. . . 3:3500 

7- Chloronaphthol-2. . . 3:3925 

8- Chloronaphthol-2 ... 3 : 2905 

CioHeOCla 1,3-Dichloro- 

naphthol-2 8 : 1990 

1.4- Dichloro- 

naphthol-2 3:8840 

1,6-Dichloro- 

naphthol-2 8 : 8000 

3.4- Dichloro- 

,naphthol-2 8:8295 

4,*8-Dichloro- 

naphthol-2 8:4420 

6.8- Dichloro- 

naphthol-2 8:4155 
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UNIT 6. CHLORO SUBSTITUTION PRODUCTS OF CARBONYL COMPOUNDS 
(AND THEIR RELATIVES) 

(Summaiy of Classificatioa of Unit 5) 

Ai Of Aldehydes. 

1. Acyclic aldehydes, 
a. Saturated. 

h. Unsaturated, 
c. Relatives of the above* 

Cl Hydrates. 

C8 Hemiacetals. 
cs Diethylacetals. 

C 4 Acetals with chlorine only in alcohol radicals; 

C6 Polymers. 

2. Aromatic aldehydes. 

а. Simple aldehydes. 

б . Phenolic aldehydes. 

B. Op Ketones. 

1. Dialkyl ketones, 

2. Alicyclic ketones, 

3. Alkyl aryl ketones. 

a. With chlorine only in alkyl. 
h. With chlorine both in alkyl and aryl, 
c. With chlorine only in aryl. 

4. Diaryl ketones. 

5. Ketones containing also gther functwnal grotips, 

a, Keto-acid chlorides* 

b. Keto-acid esters. 

C. Op Quinones. 

1. Mononuclear quinones. 

2. Dinuclear quinones, 

3. Trimiclear quinones. * 


UNIT 6. CHLORO SUBSTITUTION PRODUCTS OF CARBONYL COMPOUNDS 
(AND THEIR RELATIVES) 


A. Of Aldehydes 

1. Acyclic Aldehydes 
a. Saturated 


C 2 H 80 CI 

Chloroacetaldehyde. . , 

. 3:7212 

C2H20C12 

Dichloroacetaldehyde . 

3:5180 

CaHOCls 

Trichloroacetaldehyde 

3:5210 

C8H5OCI 

o-Chloropropionalde- 

hyde 

|8-Chloropropionalde- 
hyde 

3:5160 

3:5576 

CaHiOda 

a,a-Dichloropropion- 

aldehyde 

a,/8-Dichloropropion- 
aldehyde 

3:9033-A 

3:9034 

CgHiOCls 

a,a,/9-Trichloropro- 
pionaldehyde 

8:9083 


G4H7OCI a-Chloro-n- 



butyraldehyde . . . . 
/8-Chloro-n- 

butyraldehydo . . . . 
7-Chloro-n- 

butyraldehyde. . . . 

. 3:9109 

. 3:9110 

. 3:9111 

O^eOGla 

a,/?-Dichloro-n^ 
butyraldehyde. . . . 

. 3:9102 

C 4 H 6 OCI 8 

a,a,/3-Trichloro-n- • 
butyraldehyde .... 
a,a, 7 -Trichloro-»- 
butyraldehyde. . . . 

. 3:5910 

. 3:9094 

O 4 H 7 OOI 

a-Chloro-iso- 
butyraldehyde .... 
/S-Chloro-iso- 
butyraldehyde. • . . 

. 3:7235 

. 3:9112 
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6 . Unsaturated 

CsHsOCl a>Chloroacrolem 3:9031 

C 4 H 6 OCI a-Chlorocrotonalde- 

hyde 3:8U7 

c. Relatives of the above 

Cl HYDRATES 

C2H4O2CI3 Dichloroacetaldehyde 

hydrate 3:1085 

C 2 H 8 O 8 CI 2 Chloral hydrate 3:1370 


C 4 H 7 O 2 CI 8 Butyrchloral hydrate . 3:1905 

C2 HEMIACETALS 

C 4 H 8 O 2 CI 2 Dichloroacetaldehyde 

ethyl alcoholate 3:5310 

C 4 H 7 O 2 CI 8 Chloral ethyl .alcohol- 
ate. . 3:0860 

CaHiiOaCls Chloral n-butyl- 

alcoholate 3 : 0843 

ca DIETHYLACETALS 

CaHiaOaClj Chloroacetaldchydo 

diethylacetal 3 ; 8238 

CeHiaOaCla Dichloroacetaldehyde 

diethylacetal 3:6110 

CeHiiOaCla Chloral diethylacetal . 3:6317 

CrHiaOaCl /3-Chloropropionalde- 

hyde diethylacetal . , 3 : 9490 

CsHnOaCl /3-Chloro-n-butyralde- 

hyde diethylacetal . 3:9594 

C4 ACETALS WITH CHLORINE ONLY 
IN ALCOHOL RADICALS 

C 6 H 12 O 2 CI 2 Formaldehyde /3,^'-di- 
chloroisopropyl- 

ethyl-acetal 3:9394 

Acetaldehyde hw-(/3- 

chloroethy 1) acetal . . 3 : 6210 


C6 POLYMERS 
CaHaOaCla Parachloro- 

acetaldehyde 3:2300 

CiaHaiQaCla Para-/3-chloro-n- 

buty raldehyde 3 : 2650 

Para-a-chloroiso- 
butyraldehyde 3 : 3220 


2 . Aromatic aldehydes 

a. Simple aldehydes 

C 7 H 6 OCI o-Chlorobenzaldehyde 3:6410 
m-Chlorobenzaldehyde 3 : 6475 
p-Chlorobenzaldehyde 3:0765 


TYPES INDEX 

1407 

CiHaOCla 

2,3-DichlQrob6nEal> 


dehyde 

2«4-Dichlorobeiizal- 

8:1480 


dehyde 

2,5-Dichlorobenzalde- 

3:1800 


hyde 

2,6-Dichlorobenzal- 

3:1145 


dehyde 

S^-Dichlorobenzalde- 

3:1690 


hyde 

3,5-Dichlorobenzalde> 

3:0550 


hyde 

3:1475 

C7HaOCl8 

2,3,4-Trichlorobenzal- 



dehyde 

2,3,5-Trichlorobenzal- 

3:2445 


dehyde 

2,3,6-Trichlorobenzal- 

3:1060 


dehyde 

2,4,5-Trichlorobenzal- 

3:2287 


dehyde 

2,4, 6 -Trichlorobenzal- 

3:3375 


dehyde 

3,4,5-Trichlorobenzal- 

3:1200 


dehyde 

3:2440 

C 7 H 2 OGI 4 

2,3,4,5-Tetrachloro- 



benzaldehyde ... 
2,3,4, 6 -Tetrachloro- 

3:3140 


benzaldehyde 

2,3,5,6-Tetrachloro- 

3:2700 


benzaldehyde 

8:2700 

C7HOCla 

Pentachlorobenzal' 



dehyde 

3:4892 

6 . Phenolic aldehydes 


O 7 H 6 O 2 CI 

3-Chloro-2-hydroxy- 



benzaldehyde 

4-Chloro-2-hydroxy- 

3:1010 


Iwnzaldehyde 

5-Chloro-2-hydroxy- 

3:0960 


benzaldehyde 

2-Chloro-3-hydroxy- 

3:2800 


benzaldehyde 

4-Chloro-3-hydroxy- 

3:4085 


benzaldehyde 

6-Chloro-3-hydroxy- 

3:3780 


benzaldehyde 

2-Chloro-4-hydroxy- 

3:3350 


benzaldehyde 

3-Chloro-4-hydrozy- 

3:4280 


benzaldehyde 

3:4065 

C^HiOaCla 

3,5-Dichloro-2- 

hydroxybenzal- 



dehyde 

2,4-Dichloro-3-hy- 

3:2637 


droxy benzaldehyde . 

8:4140 
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C7H4O1CIS 2,6-Diohloro-3-hy- 
Contd* droxybenaaldehyde . 3:4160 

4,6-Dichloro-3-hy* 
drozybenxaldehyde. 3:3952 

3,5-Dichloro-4>hy- 
droxy benzaldebyde . 3 : 4400 

CrHsOsClf 2,4,6-Triohloro-3- 
hy droxy benzal* 


dehyde 3:3520 

B. Of Ketones 

1. Dialkyl ketones 

C1H6OCI Chloroacetone 3:5425 

C8H4OCI3 <x,a>Dichloroacetone . . 3:5430 

a,a'-Dichloroacetone . 3:0503 

CsHsOClji a,a,a-TrichJor(>- 

acetone 3:5020 

a,a,a'-Trichloro- 

acetone 3:5957 

CSH2OCI4 «,«,«,« -Tetrachloro- 

acetone 3 : 6085 

a,a,a ',a'-Tetrachloro- 
acetone 3:0050 

CsHOCls Pentachloroacetone. . . 3:0205 

CsOClo Hexachloroacetone . . . 3:0312 

C4H7OCI l-Chlorobutanone-2 . . 3:8012 

3- Chlorobutanone-2 . . 3 : 7598 

4- Clilorobutanone-2 . . 3 : 7640 

C4HeOCl2 1,3-Dichlorobutanone- 

2 3:5900 

C6H»0C1 l-Chloropentanone-2 . 3:8217 

3*Chloropentanone-2 . 3:7893 

4-Chloropentanone-2 . 3:8243 


5-Chloropentanoue-2 . 3:9207 

1- Chloropentanone-3 . 3:9268 

2- Chloropentanone-3 . 3:7935 

1- Chloro-2-methyl- 

butanone>3. . . . 3:9269 

2- Chloro-2-methyl- 

butanone^ 3 : 7597 

9. AticycUc ketones 

CAOCl 2-Chlorocyolo- 

hexanone-1 3:0120 

S^hlorocyclo- 

hexanone-1 3:9300 

4-Chlorocyclo- 

hexanone-1 3:9304 


CeOCU Hexachlorocyclo- 

hexadien-2,5-one-l 
(“ Hexachloro- 

phenol") 3:3180 

CeOaCla 1,2,3,4,6.6-Hexachloro- 

cyclohexen- 1-dione- 
3,5 (‘‘ Hexachloro- 

resorcinol ") 3 : 3470 

2,3,5,5,6,6-Hexachloro- 

cyclohexen-2- 

dione-1,4 3:2300 

3. Alkyl aryl ketones 

a. With chlorine only in alkyl 


C8H7OCI <o-ChloroacetO“ 

phenone 

3:1212 

CgHeOCb to, co-Dichloroaceto- 

phenone 

3:0835 

CgHbOCU <0, to, w-Trichloroaceto- 

phenone 

3:0847 

C9H9OCI a-Chloroethyl phenyl 
ketone 

3:9064 

/8-Chloroethyl phenyl 
ketone 

3:1115 

to-Chloro-o-methyl- 
acetophenone 

3:9660 

to-Chloro-p-methyl- 
acetophenone 

3:1130 

CioHiiOCl to-Chloro-2,4-di- 

methylacetophenone 

3:1355 

to-Chloro-2,5-di- 

methylacetophenone 

3:0245 

to-Chloro-3,4-di- 

methylacetophenone 

3:1775 

CmHuOCI p-Phenylphenacyl 

chloride 

3:3934 

a-Chlorobenzyl 

phenyl ketone 

3:1018 

h. With chlorine both in alkyl and aryl 

CgHeOCb j>-Chlorophenacyl 

chloride 

3:2990 

c. With chlorine only in aryl 
C8H7OCI o-€hloroacetophenone 

3:0015 

7n-Chloroacetophenone 

3:0815 

p-Chloroacetophenone 

3:0735 

CgHgOCl p-Chlorophenyl ethyl 
ketone 

3:0340 

4. Diaryl ketones 

CisHgOCl 2-Chlorobenzophenone 

3:0715 

3-Chlorobenzophenone 

3:2100 

4-Chlorobensophenone 

3:1914 
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CuHgOCli 2,2'-Dlohlorobeii80- 

phenone 3:0717 

2.3 '-Dichlorobenzo- 

phenone 3:0859-A 

2,4-Dichlorobenzo> 

phenone 3:0825 

2,4'>Dichlorobeiizo- 

phenone 3 : 1565 

2,5>Dich]orobenzo- 

phenone 3:2340 

2,6-Dichlorobenzo- 
phenone 3:2285 

3.3 '-Dichlorobenzo- 

phenone 3:3860 

3,4rDichlorobenzo- 

phenone 3:3070 

3,4'-Dichlorobenzo- 

phenone 3:3415 

3,5>Dichlorobenzo- 

phenone 3:1505 

4,4'-Dichlorobeiizo- 
phenone 3:4270 

6. Ketones containing also other /unc- 
tionrd groups 

а. Keto-acid chlorides 

C 4 HBQ 2 CI Acetoacetyl chloride . . 3:9098 

C4H402C12 7 -Chloroacetoacetyl 

chloride 3:9088 

C 14 H 9 O 2 CI o-Benzoylbenzoyl 

chloride 3:9880 

б. Keto-acid esters 
CsH^OjCl Ethyl a-chloroaceto- 

acetate 3:6207 

Ethyl 7 -chloroaceto- 
acetate 3:6375 


C. Of Quinones 

1. Mononuclear quinones 
CeHsOsCl 2-Chlorobenzo- 

quinone-1,4. . 3:1100 


CeHaOaCls 

2,3-Diehlorobenso- 

quinone-1,4 

2,5-Dichlorobenzo- 

3:2855 


quinone-1,4 

2,6-Dichlorobenzo- 

3:4470 


quinone-1,4 

3:3750 

C«H204Cl2 

2,5-Dichloro-3,6- 



dihydroxy benzo- 
quinone-1,4 

3:4t70 

C 8 HO 2 CI 3 

2,3,5-Trichlorobenzo- 



quinone-1,4 

3:4672 

CeOaCh 

Tetrachlorobenzo- 



quinone- 1,2 

Tetrachlorobenzo- 

8:3965 


qumone-1,4 

3:4978 

2. Binuclear quinones 


CioHftOaCl 

3- Chloronaphtho- 

quinon 6 -l ,2 

4- Chloronaphtho- 

3:4704 


quinone- 1,2 

3:4000 


2-Chloronaphtho- 

quinone-1,4 

6 -Chloronaphtho- 

3:3580 


qumone-1,4 

6 -Chloronaphtho- 

3:4492 


quinone-1,4 

3:3145 

C 10 H 4 O 2 CI 2 

3,4-Dichloronaphtho- 
quinone- 1 , 2 . . . . 

2,3-Dichloronaphtho- 

8:4775 


quinon&-l,4 

3:4857 


3. Trinuclear quinones 

Ci 4H70»C1 l-Chloroanthra- 

quinone 3:4480 

2-Chloroanthra- 

quinone 3:4922 


UNIT 6. CHLORO SUBSTITUTION PRODUCTS OF CARBOXYLIC ACIDS 
AND ANHYDRIDES 

(Summary of Classification of Unit 6) 


A. Of Acyclic Acids. 

1. WiXh no other functional group, 

a. Saturated monobasic. 

b. Saturated dibasic. 

e. Unsaturated (olefinic) monobasic. 

d. Unsaturated (olefinic) dibasic. 

e. Unsaturated (acetylenic) monobasic. 

2. With some other functional group, 
a. Hydroxy monobasic. 
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B. Op IsocTCLic Acids. 

1. With no other functional group» 

a. Monobasic. 

b. Dibasic. 

c. Tribasic. 

2. With some other functional group. 

a. Phenolic acids. 

b. Ether acids. 

C. Anhydrides op Acyclic Acids. 

1. Saturated. 

2. Unsaturated. 

D. Anhydrides of Isocyclic Acids. 

UNIT 6. CHLORO SUBSTITUTION PRODUCTS OF CARBOXYLIC ACIDS 
AND ANHYDRIDES 

(For acyl chlorides see Unit 7) 


A. Of Acyclic Acids 

1. With no other functional group 


a. Saturated monobasic 
C 2 HJO 2 CI Chloroacetic acid 3:1370 

C 2 H 2 O 2 CI 2 Dichloroacetic acid . . . 3:6208 

C 2 H 02 C 1 « Trichloroacetic acid. . . 3:1150 


C 3 H 6 O 2 CI a-Chloropropionic acid 3:6125 
/S-Chloropropionic acid 3:0160 


C 8 H 4 O 2 CI 2 a,a-Dichloropropionic 

acid 3:6162 

a,/3-Dichloropropionic 

acid 3:0855 

j8,i3-Dichloropropionic 

acid 3:1058 

C 8 HSO 2 CI 3 a,a,i3-Trichloropro- 

pionic acid 3 : 1275 

C 8 H 2 O 2 CI 4 a,Qr,j 8 ,/S-Tetrachloro- 

propionic acid 3:1850 

CsHOaCU Pentachloropropionio 

acid 3:4805 

C 4 H 7 O 2 CI a-Chloro-n-butyrio 

acid 3:9130 

/3-Chloro-n^butyrio 

acid 3:0035 

7 -Chloro-n-butyrio 
acid 3:0020 


C 4 He 02 Gl 2 a,/3-Dichloro-n-butyric 
acid 

Higher-melting isomer 3:1903 
Lower-melting isomer . 3 : 1375 

C4H5O2CI3 a,a,^-Trichloro-rv- 

butyricacid 8:1280 


C4H6O2CI8 a,a,7-Trichloro-?i- 

Contd. butyric acid 3:1831 

a,/ 3 ,^-Trichloro-n- 

butryic acid 3:0925 

7,7, 7-Trichloro-n- 

butryic acid 3 : 1000 

C4H7O2CI a-Chloroisobutyric 

acid 3:0235 

j8-Chloroisobutyric 

acid 3:9132 


C 6 H|> 02 C 1 a-Chloro-n-valeric acid 3:8783 

/3-Chloro-n-valeric acid 3:0270 

7 -Cliloro-n-valeric acid 3 : 9270 

6 -Chloro- 7 i-valeric acid 3:0075 

a-Chloro-of-methyl-n- 

butyric acid 3:8718 

a-Chloro-/3-methyl-»i- 

butyric acid 3 : 0050 

/3-Chloro-a,a-dimethyl- 

propionic acid 3:0440 

b. Saturated dibasic 
C 4 H 4 O 4 CI 2 d,i-a,a'-Dichloro- 

succinic acid .... 3:4711 

weso-a,a'-Dichloro- 
succinic acid 3:4930 

e. Unsaturated (oleiinic) monobasic 
CBH 8 O 2 CI a-Chloroacrylic acid.' . 3:1445 

j 8 -Chloroacrylic acid . . 3:2240 

C*H 202 Cl 2 a,/S-Dichloroacrylic 

acid 3:2265 

/8,j9-Dichloroacrylic 
acid 3:1875 

C«H 02 C 1 * a,^,/3-Trichloroacrylic 

acid 


3:1840 
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G4H6O2CI a-Chlorocrotonic acid . 3 : 3760 
a-Chloroisocrotonio 

acid 3:1616 

/S>Chlorocrotonic acid . 3 : 3635 

^-Chloroisocrotonio 

acid 3:1300 

7-Chlorocrotonic acid . 3 : 3170 

d. Unsaturated (olefiuic) dibasic 
C4H8O4CI Chlorofumaric acid . . . 3:4853 

Chloromaleic acid. . . . 3:3433 

C4H2O4CI2 Dichloromaleic acid . . 3:3634 

e. Unsaturated (acetylenic) monobasic 

C3HO2CI Chloropropiolic acid . . 3 : 1685 

2. With some other functional group 
a. Hydroxy monobasic 
C4H6CbCl2 /3,/3-Dichloro-a-hydroxy- 

isobutyric acid 3 : 3145 

Dichloro-a-hydroxy- 
‘ isobutyric acid . 3:3565 

B. Of Isocyclic Acids 

1. With no other functional group 


a. Monobasic 

CiHfiOsCl o-Chlorobenzoic acid 3:4150 

m-Chlorobenzoic acid . 3 : 4393 

2>-Chlorobenzoic acid . 3:4940 

C7H402C13 2,3-DichIorobenzoic 

acid 3:4650 

2.4- Dichlorobenzoic 

acid 3:4660 

2.5- Dichlorobenzoic 

acid 3:4340 

2.6- Dichlorobcnzoic 

acid .... 3:4300 

3.4- Dichlorobenzoic . 

acid 3:4936 

3.5- Dichlorobenzoic 

acid 3:4840 

CTOsOaCU 2,3,4-Trichlorobenzoic 

acid 3 : 4810 

2.3.5- Trichlorobenzoic 

acid .... 3:4486 

2.3.6- Trichlorobenzoic 

acid 3 : 4600 

2,4i5-Trichlorobenzoic 
acid 3:4630 

2.4.6- Trichlorobenzoic 

acid 3:4646 

3.4.6- Trichlorobenzoic 

acid 3:4930 

C7H2O2CI4 2,3,4,6-Tetrachloro- 

benzoic acid 3 : 4790 

C7HO2CI5 Pentachlorobenzoic 

acid 3:4910 


C8H7O2CI 3-Chloro-2-methyl- 

benzoic acid 3:4435 

4-ChIoro-2-methyl- 

benzoic acid 3 : 4700 

6-Chloro-2-methyl- 

benzoic acid 3:4670 

6-Chloro-2-methyl- 
benzoic acid 3 : 3375 

4-Chloro-3-methyl- 

benzoic acid 3 : 4915 

6-Chloro-3-methyl- 

benzoic acid 3 : 4715 

6-Chloro-3-methyl- 
benzoic acid 3:4615 

2- Chloro-4-metliyl- 

benzoic acid 3:4355 

3- Chloro-4-methyl- 

benzoic acid 3:4900 

2- Chlorophenylacetic 

acid 3:3640 

3- Chloroplienylacetic 

acid 3:1910 

4- Chlorophenylacetic 

acid 3:3135 

C14HUO2CI Diphenyl-chloroacetic 

acid 3:3686 

Cl *Hio02Cl2 Di- Cjo-chlorophenyl)- 

acetic acid 3:4613 

C®Hi02Cl o-Chlorophenylpro- 

piolic acid 3:3956 

m-CliloroplienylprO" 

piolic acid 3:4103 

p-Chlorophenylpro- 
piolic acid 3:4365 

CUH7O2CI 2-Chloronaphthoic 

acid-1 3:4330 

4- Chloronaphtlioic 

acid-1 3:4936 

6-Chloronaphthoic 
acid-1 3:4944 

6- Chloronaphthoic 

acid-1 3:4845 

7- Chloronaphthoic 

acid-1 3:4943 

8- Chloronaphthoic 

acid-1 3:4680 

1-Chloronaphthoic 

acid-2 3:4885 

3-Chloronaphthoic 

acid-2 3:4083 

5- Chloronaphthoic 

acid-2 . 3:4953 

8-Chloronaphthoic 
acid-2 8:4048 
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6. Dibasic 


CsHsOiCl 

3-Chlorophthalio acid. 

8:4820 


4-Chlorophthalic acid. 

3:4390 

CsHiOgClg 

3,4-Dichlorophthalio 



acid 

3,5-Dichlorophthalic 

.3:4880 


acid 

3,6-Dichlorophthalic 

3:4580 


acid 

4,5-Dichlorophthalio 

3:4870 


acid 

3:4890 

C 3 H 2 O 4 CI 4 

Tetrachlorophthalic 



acid 

3:4946 

CgHiO^Cl 

4-Ohloroisophthalic 



acid 

5-Chloroisophthalic 

3:4980 


acid 

3:4960 

C8H4O4CI2 

4,6-Dichloroisophthalio 



acid 

3:4965 

CgHiOaCl 

Chloroterephthalic 



acid 

3:4995 

C8H4O4CI2 

2,6-Dichloroterephthalic 



acid 

3:4985 


c. Tribasic 

C9H60«C1 5-Chlorobenzenetri- 

carboxylic acid‘1 ,2,4 3 : 4855 
2-Chlorobenzenetri- 
carboxylic acid-1 ,3,5 3 : 4975 

2. With some other functional group 


a. Phenolic acids 

CiHbOiCi 3-Chloro-2-hydroxy- 

benzoic acid 3 : 4745 

4- Chloro-2-hydroxy- 

benzoio acid 3 : 4908 

5- Chloro-2-hydroxy- 

benzoic acid 3 : 4705 

6- Chloro-2-hydroxy- 

benzoic acid 3:4610 

CrHiOaClt 3,6-Dichloro-2-hydroxy- 

benzoic acid 3:4935 

CrHAQtCl 2-Chloro-3-hydroxy- 

benzoic acid 3 : 4895 

4-Chloro-3-hydroxy- 

benzoic acid 8:4933 

6-Chloro-3-hydroxy- 
benzoic add 8:4720 


CtHsOsCI 2-Chloro-4-hydroxy- 

Contd. benzoic acid 3:4480 

3-Chloro-4-hydroxy- 
benzoio acid 3:4675 

CiHiOsCla 3,5-Dichloro-4-hydroxy- 

benzoic acid 3 : 4950 

b. Ether acids 

C8H7O8CI o-ChlorophenoxyacetiOj 

acid 3:4260 

m-Chlorophenoxyacetio 

acid 3:3325 

p-Chlorophenoxyacetio 
acid 3:4375 

CgHeOsCla 2,4-Dichlorophenoxy- 

acetic acid 3:4095 

CgHgOsClg 2,4,5-Trichlorophenoxy- 

acetic acid 3:4335 


C. Anhydrides of Acyclic Adds 
1. Saturated 

C 4 H 40 aCl 2 Chloroacetic acid 

anhydride 3 : 0730 

C4H2O3CI4 Dichloroacetic acid 

anhydride 3:6430 

CgOjCU Trichloroacetic acid 

anhydride 3:6575 

8. Unsaturated 

CgHOaCl Chloromaleic an- 
hydride 3:0280 

C4O3CI2 Dichloromaleio 

anhydride 3 : 3635 

D. Anhydrides of Isocyclic Acids 

C 8 H 8 O 3 CI 3-Chlorophthalic 

anhydride 3:3900 

4-Chlorophthalio 
anhydride 8:2725 

CsHgOsClg 3,4-Dichlorophthalic 

anhydride 3:3695 

3.5- Dichlorophthalic 

anhydride 3:2375 

3.6- Dichlorophthalic 

anhydride 3 : 4860 

4,5-Dichlorophthalio‘ 
anhydride 3:4830 

CgOgCU Tetrachlorophthalic 

anhydride 3:4947 
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imiT 7. ACYL CHLORIDES 
(Summaiy of Classification of Unit 7) 

A. Of Acyclic Acids (R.CO.Cl). 

1 . The radical (E) contains no chlorine, 

а. Corresponding acid is saturated and monobasic. 

б. Corresponding acid is saturated and dibasic. 

c. Corresponding acid is unsaturated and monobasic. 

d. Correspondmg acid is unsaturated and dibasic. 

e. Corresponding acid contains also other functional groups. 
ei Ether/acyl chloride. 

62 Ester/acyl chloride, 
es Keto/acyl chloride. 

2, The radical (72) does contain chlorine, 

a. Corresponding acid is saturated and monobasio. 
h. Corresponding acid is saturated and dibasic. 

c. Corresponding acid is unsaturated and monobasio. 

d. Corresponding acid is unsaturated and dibasic. 

e. Corresponding acid contains other functional groups. 

B. Op Isocyclic Acids. 

1. The radical (72) containe no chlorine. 

а. Correspondmg acid is monobasic. 

ai With — COOH group attached to ring. 

sq With -MUOOH group attached to saturated side chain. 

SL 3 With — COOH group attached to unsaturated side chain. 

a4 With — COOH group attached to ring containing another functional group. 

б. Corresponding acid is dibasic. 

2. The radical (72) does contain chlorine, 
a. Corresponding acid is monobasio. 

C. Of Heterocyclic Acids, 

1. The radical (72) contains no chlorine, 
a. Corresponding acid is monobasic. 


UNIT 7. ACYL CHLORIDES 
A Of Acyclic Acids (R.CO.OH) CeHnOCl 


1. The radical (72) contains no chlorine 
a. Corresponding acid is saturated and 
monobasic 


CnHsOCl 

Acetyl chloride 

3:7005 

CiH.oa 

Propionyl chloride 

3:7170 

C4H7OCI 

n-Butyryl chloride . . 
Isobutyryl chloride . . . 

3:7370 

3:7270 

OBgoa 

n-Valeryl chloride .... 

3:7740 


cK-Methyl-n-butyryl 

chloride 

/S-Methyl-n-butj^l 
chloride 

8:7008 

3:7500 


Qc,a-Dimethylpropionyl 
chloride 

8:7450 


71-Caproyl chloride. . . • 3:8168 

a-Methyl-n-valeryl 

chloride 8:8020 

/5-Methyl-^valeryl 

chloride 8:8035 

7-Methyl-n-valeryl 
chloride 3:8090 

a-Ethyl-n-butyryl 
chloride 3:7990 

a,a-Dimethyl-ri- 

butjryl chloride. . . , 8:7900 
a,)3-Dimethyi-n- 

butyryl chloride. . . , 8:7905 
/9,/8-Dimethyl-n- 

butyrylchloride 8:7880 

C7H11OCI n-Heptanoyl chloride . 8:8520 
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CtHisOCI a-Methyl-n-caproyl 

Contd. chloride S:945J8 

/3-Methyl-n-caproyl 

chloride S:8305 

7-Methyl-7i-caproyl 

chloride 3:8355 

i-Methyl-n-caproyl 
chloride 3:8365 

a-Ethyl-7i-valeryl 

chloride 3:8335 

a,a-Dimethyl-n-valeryl 

chloride 3:9456 

a,/3-Dmiethyl-n-valeryl 

chloride. . . 3:9458 

7 , 7 -Diinethyl-n-valeryl 
chloride 3 : 9460 

o-Ethyl-/3-methyl-n- 

butyryl chloride 3 : 9463 

a,a,/3-Trimethyl-rj/- 

butyryl chloride 3 : 8145 

CgHisOCl n-Octanoyl chloride . . 3:8680 
C9H17OCI Pelargonyl chloride .. 3:8765 


CioHwOCl n-Decanoyl chloride . . 3:8800 

CuH2iOC 1 n-Undecanoyl chloride 3:9800 


CiaHasOCl n-Lauroyl chloride .. . 3:9858 

Ci 3 Hi 60 C 1 n-Tridecanoyl chloride 3:9860 

C14H27OCI Myristoyl chloride. .. . 3:9885 

C 16 H 29 OCI 7 i-Pentadecanoyl 

chloride 3:9900 

CiftHsiOCl Palmitoyl chloride. .. . 3:9913 

CnHssOCl Margaroyl chloride. . . 3:9935 

CisHwOCl Stearoyl chloride 3:9960 


b. Corresp. acid is saturated and di> 


basic 

COCI 2 Carbonyl (di) chloride 

(phosgene) 3:5000 

C 2 C) 2 Cl 2 Oxalyl (di) chloride .. 3:5060 

C 3 H 2 O 2 CI 2 Malonyl (di) chloride . . 3 : 9030 

C 4 H 402 C 12 Sucdnyl (di)chloride.. 3:6300 

CsHeOaCU Glutaryl (di)chloride . 3:6500 

C4H802Cla Adipyl(di)chloride... 3:9353 


C7H10O2CI2 Pimelyl (di) chloride . . 3:9450 

C 8 H 12 O 2 CI 2 Suberyl (di) chloride . . 3:9576 

C9H14O2CI2 Azelayl (di) chloride ... 3 : 9680 

C 10 H 16 O 2 CI 2 Sebacyl (di) chloride . . 3:9780 

c. Corresp. acid is unsaturated and 
monobasic 

CsHsOCl Acrylyl chloride 3:7153 

C 4 H 5 OCI a-Crotonoyl chloride 3:7693 

CsHyOCl cis-<jf-Mothylcrotonoyl 

chloride 3:9340 

CisHwOCl Elaidyl chloride 3:9950 

Oleyl chloride 3 : 9940 


d. Corresp. acid is unsaturated and 
dibasic 

C 4 H 2 O 2 CI 2 Fumaryl (di) chloride . 3:5875 

e. Corresp. acid contains also other 
functional groups 

ei ether/actl chloride 

CaHfiOiCl Methoxyacetyl 

chloride 3:5335 

C 4 H 7 O 2 CI Ethoxyacetyl chloride 3:7745 

C 4 H 4 O 8 CI 2 Diglycoloyl (di)- 

chloride 3:9093 

02 ester/ ACYL CHLORIDE 

(For esters of chloroformic acid see Unit 8) 

C 4 H 6 O 3 CI Ethoxalyl chloride 3:5635 
Carbomothoxyacetyl 

chloride 3 : 9098-A 

C 6 H 7 O 8 CI /3-(Carbomethoxy)pro- 

pionyl chloride .... 3:9347 

Carbethoxyacetyl 
chloride 3:9346 

CeHjOjCl 7 -(Carbomethoxy)-n- 

butyryl chloride 3 : 9373 

CiiHwOsCl (Carbomethoxy)- 

pelargonyl chloride . 3:9793 

03 keto/acyl chloride 

C 4 H 402 C 1 Acetoacetyl chloride . . 3:9098 

2. The radical {R) does contain chlorine 
a. Corresp. acid is saturated and mono- 
basic 

CaHaOCb Chloroacetyl chloride . 3:5335 

CaHOCls Dichloroacetyl 

chloride 3:5390 
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C 9 OCI 4 Trichloroacetyl 

chloride 3:54:30 

CsHiOCls a-Chloropropionyl 

chloride 3:5330 

/3-Chloropropionyl 

chloride 3:5690 

CtHsOCls a,a-Dichloropropionyl 

chloride 3:5372 

oe,^>Dichloropropionyl 

chloride 3:9032 

/3,/3-Dichloropropionyl 

chloride 3:9032-A 

CaOClfl Pentachloropropionyl 

chloride 3:0470 

C 4 H 6 O 2 CI 2 a-Chloro-n-butyryl 

chloride. . . . 3:5570 

/ 8 -Chloro-n^butyryl 

chloride 3:9100 

7 -Chloro-n-butyryl 
chloride 3:5970 

a-Chloro-isobutyryl 

chloride 3:5385 

/3-Chloro-isobutyryl 

chloride 3:9101 

CiHsOCla a-Chloro-n-valeryl 

chloride 3:5860 

7 -Chioro-n-valeryl 

chloride 3 : 9260 

3-Chloro-n-valeryl 
chloride 3:9264 

a-Chloro-a-methyl-n- 

butyryl chloride. .. . 3:5670 

tt-Chloro-jS-methyl-Ti- 

butyryl chloride. . . . 3:8144 

/3-Chloro-«,a-di- 
methylpropionyl 
chloride 3:9266 


h. Corresp. acid is saturated and di- 
basic 

C4H2O2CI4 d,Z-a,a'-Dichloro- 

succinyl (di) chloride 3:0395 
meao-«,a'-Dichloro- 
Buccinyl (di) chloride 3:9087 

c. Corresp. acid is unsaturated and 
monobasic 

CsOCU Trichloroacryloyl 

chloride 3 : 5845 

d. Corresp. acid is unsaturated and di- 
basic 

C 4 HO 3 CI 9 Chlorofumaryl (di)- 

chloride 3:6105 


C4H02Cla Chloromaleyl (di)- 

Contd. chloride 3:0158 

C4O2CI4 Dichloromaleyl (di)- 

chloride 3:6107 

e. Corresp. acid contains other func- 
tional groups 

C4H4O2CI2 7 -Chloroacetoacetyl 

chloride 3:9088 

B. Of Isocyclic Acids 

1. The radical (X) contains no chlorine 
a._Corresp. acid is monobasic 

ai WITH — COOH ATTACHBO TO 


BINQ 

C7H11OCI Hexahydrobenzoyi 

chloride 3:8580 

CtHsOCI Benzoyl chloride 3:6240 

C 8 H 7 OCI o-Toluyl chloride 3:8740 

m-Toluyl chloride .... 3 : 6535 

2 >-Toluyl chloride 3 : 6600 

CioHuOCl 2,4,6-Trimethyl- 

benzoyl chloride .... 3 : 9750 

CUH 7 OGI a-N aphthoyl chloride . 3 : 0930 

/3-N aphthoyl chloride . 3 : 0900 


ae WITH — COOH group attached 
TO saturated bide chain 

C 8 H 702 C 1 Phenylacetyl chloride. 3:0507 

CpH^OCl /9-Phenylpropionyl 

chloride 3:8787 

C 1 JH 9 OCI a-Naphthylacetyl 

chloride 3:0850 

as with — COOH group attached 

TO UNSATURATED SIDE CHAIN 

C 9 H 7 OCI Cinnamoyl chloride. . . 3:0330 

CsHsOCl Phenylpropiolyl 

chloride 3:0658 

at WITH — COOH ATTACHED TO 
RING CONTAINING ANOTHER FUNC- 
TIONAL GROUP 

C 7 HSO 2 CI 2-Hydroxybenzoyl 

chloride 3:0085 

3 - Hydroxybenzoyl 

chloride 3:0440 

4- Hydroxybenzoyl 

chloride 3:0447 

C 8 H 7 OSCI 2 -Methoxybenzoyl 

chloride 3:0870 
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CiHrO,a 

3-Methoxybensoyl 


2. The radical (R) does contain chlorine 

Oontd. 

chloride 

4-Methoxybensoyl 

3:6797 

a. Corresp. acid is monobasic 



chloride 

3:6890 

C 7 H 4 OCI 2 o-Chlorobensoyl 





chloride 

3:6640 


Phenoxyacetyl 


t?i-Chlorobenzoyl 


C»H|0»C1 

chloride 

3:8790 

chloride 

2>^hlorobenzoyl 

3:6590 

Piperonyloyl chloride. 

3:1960 

chloride 

3:6550 

CiiHjOiCl 

o-Benzoylbenzoyl 
chloride 

3:9880 

CtOCU Pentachlorobenzoyl 

chloride 

3:2296 

b. Corresp. acid is dibasic 
CgHsOiCls «i/m.-o-Phthalyl (di)- 
chloride 

AAAA 

C 14 H 10 OCI 2 a-Chloro-diphenyl- 

acetyl chloride 

3:0885 


unsym.-O'Phthalyl 
(di) chloride 

3:2395 

C. Of Heterocyclic Acids 





1. Where R contains no chlorine 



Isophthalyl (di)- 
chloride 

3:0620 

a. Corresp. acid is monobasic 
CBH 1 O 2 CI Furoyl chloride 

3:8515 


Terephthalyl (di)- 




chloride 

3:2205 




UNIT 8. CHLORO SUBSTITUTION PRODUCTS OF ETHERS AND OF ESTERS 

(Summary of Classification of Unit 8) 


A. Eth&bs. 

1. Completely acyclic saturated ethers. 

а. Monoethers. 

ai Derived from symmetrical ethers, 
as Derived from unsymmetrical ethers. 

б. Diethers. 

c. Ethers containing also other fimctions. 
Cl Ether/alcohols. 

Cl Ether/esters. 
c« Ether/ester/alcohols. 

C4 Ether/ester/acyl halides. 

2. Completely acyclic unsaturated ethers. 

3. Cyclic ethers. 

a. Non-aromatic. 
ai Monoethers, 
as Diethers. 

h. 'Aromatic ethers (phenol ethers). 
e. HeterocyoUc ethers. 


B. Ebtbbb. 

1. Esters of aliphatic acids. 

a. Acids containing no chlorine. 

Bi From acetic acid. 

at Frojh oxalic acid, 
ai From carbonic acid. 

b. Saturated monobasio acids containing chlorine. 
bi From chloroacetic add. 

bt Fr^ ^chloroacetic acid. 

1^ From trichloroacetic add. 


1 1 i 
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bi From ohloropropionic acid. 
b6 From chlorobutyric acids, 
bs From chlorovaleric acids. 

c. Saturated dibasic acids containing chlorine. 

d. Unsaturated monobasic acids containing chlorine. 

e. Unsaturated dibasic acids containing chlorine. 

/. Esters of chloroformic acid. 

g. Esters of keto acids. 

2. Eaters of aromatic acids. 

a. Acids containing no chlorine. 

b. Acids containing chlorine. 

3. Eaters of inorganic acids. 

4. Eaters containing also other functional groups, 
a. Ester/alcohols. 

ai From acids containing no chlorine, 
as From acids containing chlorine. 

h. Ester/acyl chlorides. 

c. Ester/ethers. 

d. Ester/ether/alcohols. 

e. Ester/ether/acyl chlorides. 


UNIT 8. CHLORINE SUBSTITUTION PRODUCTS OF ETHERS AND ESTERS 


A. Ethers 

1. Completely acyclic saturated ethers 
a. Monoethers 

ai DERIVED FROM SYItf METRICAL 


C 2 H 50 C 1 

ETHERS 

Chloromethyl methyl 



ether 

3:7085 

CsILOCla 

sj/m.'Dichlorodimethyl 



ether 

3:6245 

C 4 H 9 OCI 

a-Chloroethyl ethyl 



ether 

3:7305 


/8-Chloroethyl ethyl 
ether 

3:7463 

C4H80Clg 

CKfOe'-Dichlorodiethyl 



ether 

3:7595 


a,/3-Dichlorodiethyl 
ether 

3:5640 


a,/9'-Dichlorodiethyl 
ether 

3:9150 


/3,/9'-Dichlorodiethyl 
ether 

3:6025 

C 4 H 9 OCI 8 

Octachlorodiethyl 



ether 

3:0738 

C 4 OCI 10 

Decachlorodiethyl 



ether 

3:1676 

CeHiaOCl* 

i8,j8'-Dichloro-di-n- 


propyl ether 

3:8610 


7 , 7 '-Dichloro-di-n 
propyl ether 

3:8745 


CeHisOCL /9,/9'-Dichloro-di- 

Contd. isopropyl ether 3:8885 


as DERIVED FROM UN8TMMBTRICAL 
ETHERS 


CkHTOCl 

Ethyl chloromethyl 

ether 

a-Chloroethyl methyl 

ether 

/3-Chloroethyl methyl 
ether 

3:7195 

3:7150 

3:7205 

C 6 H 11 OCI 

of-Chloroethyl n- 
propyl ether 

3:7525 

CeHiaOCl 

a-Chloroethyl nr 
butyl ether 

3:9396 

CtHuOCI 

a-Chloroethyl n- 
amyl ether 

3:9480 

h. Diethers 


CeHisOaCl* 

Ethylene glycol 6w- 
(/3-chloroethyl) 
ether 

3:6655 


c. Ethers containing also other func> 
tions 

Cl etbbr/alcoholb 
C4H«02C1 /3-Chloro^'-hydroxy- 


diethyl ether 3 : 9185 

cs ether/bbters 
C 6 H 9 O 1 CI jS-Methoxyethyl 

chloroacetate 3.:9985 
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CftHrOtCls /9-Methoxyethyl tri- 

chloroacetate 3 : 9350 

Cs BTHBB/bBTBR/ ALCOHOLS 


CoHn04Cl 

Diethylene glycol 
monoCchloroacetate) 

3:9390 

CsHuO&Gl 

Triethylene glycol 
mono (chloroacetate) 

3:9588 

C4 

C4H70,C1 

etheb/bbteb/act]^ halides 

/3-Methoxyethyl 

chlorof ormate 3 : 9140 

C 6 H 90 ,C 1 

j 8 -EthoxyethyJ 

chlorof ormate 

3:9380 

2 . Completely acyclic unsaturated ethers 

C 4 H 7 OCI 

/3-Chloroethyl vinyl 
ether 

3:7464 

C4H(iOCli 

a,/3-Dichlorovinyl 
ethyl ether 

3:5540 

C40Cle 

Di-(trichloro vinyl) 
ether 

3:6373 

3. Cyclic ethers 
a. Non-aromatic 


ai 

CsHjOCl 

MONOETHERS 

3-Chloro-l,2- 
epoxypropane 

3:5358 

CiHaOCU 

3,3,3-Trichloro-l , 2 - 
epoxy propane 

3:5760 

C 4 H 7 OCI 

3-Chloro-2-methyl-l , 
2 -epoxypropane .... 

3:7657 

as DIETBBBB 

C 4 H 6 O 2 CI 2 2,3-Dichlorodioxane- 
1.4 

3:9105 

Aromatic ethers (phenol ethers) 

C 7 H 7 OCI o-Cbloroanisole 3:6355 

m-Chloroanisole 3 : 6195 

p-Chloroanisole 3 : 6300 

(l^Chloroanisole. ..... 3:9448 

C 9 R 9 OCI 

o-Chlorophenetole .... 
m-Chlorophenetole . . . 
p-Chlorophenetole. . . , 
di-Chlorophenetole. . . . 

3:8735 

3:6333 

3:0090 

3:0165 

C 9 H 11 OCI 

7 -Chloro-n-propyl 
phenyl ether 

3:8830 

CioHuOaCl 

^Uoroethyl 

pbenoxyetbyl ether. 

3:9770 


c. Heterocyclic ethers 
CbHqOCI Tetrahydro-of- 

furfuryl chloride .... 3 : 8153 

B. Esters 

Classified according to acid radicals; for 
classification according to alkyl or aryl radi- 
cals see Alphabetical Index. 

1. Esters of aliphatic acids 

a. Acids containing no chlorine 


ai 

FROM acetic acid 


CsHsOaCl 

Chloromethyl acetate. 

3:5356 

C4H7O2CI 

a-Chloroethyl acetate. 
/3-Chloroethyl acetate. 

3:7635 

3:5735 

CsHaOaCl 

i3-Chloro-n-propyl 

acetate 

7 -Chloro-n -propyl 
acetate 

3:8180 

3:8310 

CftHgOaCls 

j3,7-Dichloro-R- 

propyl acetate 

3:6330 

CaHsOaCl 

jS-ChloroLsopropyl 
acetate 

3:8150 

CfiHgOaCh 

j5,/3'-Dicldoroisopropyl 
acetate 

3:6318 

CgHjOgCla 

/3,/3,/3-Trichloro-<er- 
butyl acetate 

3:6180 

C7H11O4CI8 

3-Chloropropane- 
diol-1,2 diacetato. . . 

3:6840 

02 

FROM OXALIC ACID 


C6H8O4CI2 

W8-(/J-Chloroethyl) 
oxalate 

3:0573 

as 

FROM CARBONIC ACID 


CsOsClo 

6w-(Trichloromethyl) 
carbonate 

3:1915 

C6H80sCl2 

Di-(/8-chloroethyl) 
carbonate 

3:6790 

C 7 HI 208 C 12 

Di-( 7 -chloro-ri- 
propyl) carbonate. . 

3:6895 

b. Saturated monobasic acids 

contain- 


ing chlorine 

bi FROM CHLOROACBTIC ACID 

CaH 5 C> 2 Cl Methyl chloroacetate. 3:5585 

CiHrOsCl Ethyl cliloroacetate. . . 3:5700 

C 4 H 6 O 2 CI 2 /3-Chloroethyl chloro- 
acetate 3:6330 
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C 4 H; 0 »a 

/ 5 -Hydroxyethyl chloro- 

CsHyOsCb 

/ 9 -Methoxyethyl tri- 



acetate 

3:6780 


chloroacetate 

3:9356 

CsH^OsCl 

/ 3 -Methoxyethyl chloro- 

C 6 H 702 C 1 « 

?i-Propyl trichloro- 



acetate 

3:6385 


acetate 

Isopropyl trichloro- 

3:6135 

C6H902C1 

n-Propyl chloroacetate 
Isopropyl chloro- 

3:8395 


acetate 

3:5975 


acetate 

3:8160 

CeH 202 Cl 3 

n-Butyl trichloro- 






acetate 

3:6315 

C«Hii 02 C 1 

n-Butyl chloroacetate 

3:8530 


Isobutyl trichloro- 



Isobutyl chloro- 



acetate 

3:6146 


acetate 

3:8375 


sec.-Butyl trichloro- 



sec.-Butyl chloro- 



acetate 

3:9373 


•acetate 

3:8350 


ter-Butyl trichloro- 



<cr-Butyl chloro- 



acetate 

3:6138 


acetate 

3:8330 

C 7 Hii 02 Cl 3 

n-Amyl trichloro- 


C4H7O3CI 

Ethylene ^ycol mono- 



acetate 

3:6560 


(chloroacetate) 

3:6780 


Isoamyl trichloro- 






acetate 

3:6496 

CeHgOiCla 

Ethylene glycol his- 



ier-Amyl trichloro- 



(chloroacetate) 

3:0730 


acetate 

3:6185 

C8H11O4CI 

Diethylene glycol 

bi 

FROM CHLOROPROPIONIC 


mono (chloroacetate) 

3:9390 


ACIDS 


CsHuOftCl 

Triethylene glycol 


C4H7O2CI 

Methyl oe-chloropro- 
pionate 

3:7908 


mono(chloroacetate) 

3:9588 


CiHtOjCI 

Phenyl chloroacetate . 

3:0565 

C6H9O2CI 

Ethyl a-chloropro- 
pionate 

3:8135 

bs 

FROM DICHLOBOACETIC ACID 

CeHn02Cl 

n-Propyl a-chloro- 


CiHjOjCls 

Methyl dichloro- 
acetate 

3:5655 


propionate 

Isopropyl a-chloro- 

3:9384 



propionate 

3:8165 

C 4 H 602 C 1 j 

Ethyl dichloroacetate. 

3:5850 

C7H18O2CI 

n-Butyl a-chloropro- 


C4H6O8CI2 

/8-Hydroxyethyl 

dichloroacetate 

3:9107 


pionate 

Isobutyl a-chloropro- 

3:8595 



pionate 

3:9470 

CsHsOaCla 

n-Propyl dichloro- 
acetate 

3:6000 

C8H16O2CI 

Isoamyl oc-chloropro- 

3:9580 


Isopropyl dichloro- 


pionate 


acetate 

3:5890 

C4H7O2CI 

Methyl jS-chloropro- 






pionate 

3:5765 

bs 

FROM TRICHLOROACETIC ACID 




CsHsOaCls 

Methyl trichloro- 
acetate 

3:5800 

C8Hg02Cl 

Ethyl / 3 -chloropro- 
pionate 

3:8390 


Trichloromethyl 


CiHuOgCl 

n-Propyl /S-chloropro- 


CsOaCle 



pionate 

3:8545 


trichloroaoetate 

3:0390 


Isopropyl ^-chloropro- 
pionate 

3:9888 

C 4 HsC)aCls 

Ethyl trichloro- 




acetate 

3:5950 

CrHjisOiCl 

n-Butyl /8-chloroppo- 






pionate 

3:0474 

C4H4O2CI4 

/ 3 -Chloroethyl tri- 



Isobutyl ) 3 -ohloropro- 

3:8655 

chloroacetate 

S:6S10 


pionate 

C 4 H» 08 Cl 8 

jS-Hydroxyethyl tri- 


CsHxsOsCl 

Isoamyl /?-chloropro- 

3:8780 

chloroacetate 

3:9099 


pionate 
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CiHsO^Cli 

Methsd a,j 8 -diohloro- 
propionate 

3:9103 

CsHsOkCla 

Ethyl a,/9-dichloro- 
propionate 

3:6000 

be 

FROM CHLOROBUTYRIC 

ACIDS 


C 1 H 9 O 2 CI 

Methyl a-chloro-n- 
butyrate 

8:8108 

CeHiiOiCl 

Ethyl a-chloro-ra- 
butyrate 

3:8307 

CeHeQiCl 

Methyl / 8 -chloro-n- 
butyrate 

3:8224 

CeHiiOsCl 

Ethyl /S-chloro-7i- 
but 3 nrat 6 

3:8373 

CeHsOsCl 

Methyl 7 -chloro-n- 
butyrate 

3:8517 

CeHiACl 

Ethyl 7 -chloro-n^ 
butyrate 

3:8597 

CeH^OiCl 

Methyl a-chloroiso- 
butyrate 

8:7918 

CeHiiOtCl 

Ethyl a-chloroiso- 
butyrate 

3:8147 

CeHeOeCls 

Ethyl a,a,/3-trichloro- 
n-butyrate 

3:6380 

be 

FROM CHLOROVALERIC 

ACIDS 


CeHnOaCl 

Methyl a-chloro-n- 
valerate 

3:8264 

C 7 H 1 .O 2 CI 

Ethyl a-chloro-n- 
valerate 

3:8596 

C7Hi«0,C1 

Ethyl jS-chloro-n- 
valerate 

3:8629 

CrHuOiCl 

Ethyl 7 -chloro-n- 
v^erate 

8:8708 

CtHu02 C1 

Ethyl 5-chloro-a- 
valerate 

8:8727 

CrHuOvCl 

Ethyl a-chloro-a- 
methyl-n-butsrrate . 
Ethyl a-ohloro-/3- 
methyl-n-butyrate. . 

3:8518 

3:8528 

0 . IVom saturated dibasic acids con- 
taining chlorine 

CeHsO^Cl, 

Dimethyl 

dic^roeucciiiate. . . 

8:0485 


C 8 Hi 204 Cl 2 Diethyl d,Z-a,a-di- 

chlorosuccinate 8 : 8578 

CeHsOiCls Dimethyl meso-a,a-di- 

chlorosuccinate 3 : 0240 

CsHii 04 Cl 2 Diethyl mcso-a.ot-di- 

chlorosuccinate 8 : 1364 

d. From unsaturated monobasic acids 
containing chlorine 


CiHeOjCl 

Methyl a-chloro- 
aorylate 

. 3:9096 

C6H7O2CI 

Ethyl a-chloro- * 
acrylate 

^:9242 

C6H7O2CI 

Methyl a-chloro- 
crotonate 

. 3:5870 

CeHjOjCl 

Ethyl a-chloro- 
crotonate 

. 3:8523 

C6H7O2CI 

Methyl j9-chloro- 
crotonato 

. 3:9244 

CeH 202 Cl 

Ethyl /3-chloro- 
crotonate 

3:8538 

CeHeOjCl 

Ethyl 7 -chloro- 
crotonate 

3:8657 

CeH 902 Cl 

Ethyl a-chloroiso- 
crotonate 

3:9368 

C6H7O2CI 

Methyl j^-chloroiso- 
crotonate 

8:8028 

C6H9O2CI 

Ethyl )3-chloroiso- 
crotonate 

3:8325 


e. From unsaturated dibasic acids con- 
taining chlorine 

C 6 H 7 O 4 CI Dimethyl chloro- 

fumarate 3:6582 

C 8 H 11 O 4 CI Diethyl chloro- 

fumarate 8:6864 

C 6 H 7 O 4 CI Dimethyl chloro- 

maleate 3:9351 

C 8 HUO 4 CI Diethyl chloro- 

maleate 3:6697 

/. From chloroformic acid 

CaHaQtCl Methyl chloroformate 8:5075 

C 2 HsOtCl 2 Chloromethyl chloro- 
formate 3:5275 

CsHOiC^t Dichloromethyl chloro- 

formate 8:5315 
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CaOaCU 

Triohloromethyl 
ohloroformate 

8:5515 

C^HfiOaCl 

Ethyl chloroformate . . 

8:7895 

CaUOtCh 

^-Chloroethyl chloro> 
formate 

3:5780 

CilliOiCl 

/8-Methoxyethyl chloro- 
formate 

8:9140 

CiBtOtCl 

jS-Ethoxyethyl chloro- 
formate 

8:9880 

C 4 H 70 aCl 

n-Propyl chloro- 
formate 

3:7540 

C 4 H 6 O 2 CI 2 

7 -Chloro-n-propyl 
chloroformate 

3:6010 

C 4 H 7 O 2 CI 

Isopropyl chloro- 
formate 

3:7405 

CsHaQaCl 

n-Butyl chloro- 
formate 

Isobutyl chloro- 
formate 

3:7980 

3:7760 

CeHiiOaCl 

n-Amyl chloroformate 
Isoamyl chloroformate 

3:9380 

3:8815 

C 4 H 6 O 2 CI 

AUyl chloroformate 
Isopropenyl chloro- 
formate 

3:7487 

3:7358 

C 7 HUO 2 CI 

Cyclohexyl chloro- 
formate 

3:5770 

C8H70aCl 

Benzyl chloroformate. 

3:9565 

g. Keto acids 

CeHaOaCl Ethyl oc-chloroaceto- 

acetate 

Ethyl 7 -chloroaceto- 
acetate 

3:6807 

3:6375 


2. Esters of aromatic acids 


a. From acids containing no chlorine 


CaHaOaCl 

/S-Chloroethyl benzoate 

3:8860 

&. From acids containing chlorine 

CsHTOaCl Methyl o-chloro- 

benzoate 3:6695 

CtHaOaCl 

Ethyl o-chloro- 

benzoate 

3:6800 

CgHiOaCl 

Methyl m-chloro- 
benzoate 

3:6670 

CaHaOaCl 

Ethyl w-chloro- 
benzo^te 

3:6770 


CSH7O2CI Methyl p-ohloro- 

bemeoate 3:2fi8S 

CgHgOaCl Ethyl j>-chloro- 

benzoate 8:6750 

8. Esters of inorganic acids 

CaHaOCl Ethyl hypochlorite. . . . 9:7922 

CiHtOCl ter-Butyl hypochlorite 8:7165 

CiHuOCl ter- Amyl hypochlorite. 8:0887 

4. Esters containing also other functional 
groups 

a. Ester/alcohols 

ai FROM ACIDS WITH NO CHLORINE 

CsHtOaCl jS-Chloro-a-hydroxy- 

n-propyl acetate ... 8:6775 
a-Chloro-j8-hydroxy- 

n-propyl acetate — 3:6648 

/8“Chloro-j8'“hydroxy- 
ifiopropyl acetate. . . 3:6517 

aa FROM ACIDS CONTAINING 
CHLORINE 

C4H70tCl j8-Hydroxyethyl chloro- 

acetate 8:6780 

C4He08Cl2 /3-Hydroxyethyl di- 

chloroacetate 3:0107 

CiHfiOsCli )3-Hydroxyethyl tri- 

chloroacetate 3 : 0000 

b. Ester/acyl halides 

CaHfrOiCl Ethoxalyl chloride. . . . 8:5685 
Carbomethoxyacetyl 
chloride 8:0008-A 

C6H7O8CI i8-(Carbomethoxy)pro- 

pionyl chloride 8:0847 

CarbeUioxyacetyl 
chloride 3:0846 

CeHaOsCl Y>(Carbomethoxy)-n- 

butyryl chloride 8:0873 

CiiHiaOjCl ci>-(Carbomethoxy)> 

pelargonyl chloride . 8:0708 


c. Ester /ethers 

CAOsCl jS-Methoxyethyl 

chloroacetate 3:M85 

CtHrOiCls j9-Methoxyethyl tri- 

chloroacetate 3 : 0850 

CsHiQgCU ChloraUde 3:3510 
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d. Ester/ether/aloohols e. Ester/ether/aoyl halides 

CeHuOiCl Diethylene glycol CiHyOsCl i3-Methoxyethyl chloro- 

mono(chloroacetate) 3:2890 formate 3:9140 

CsHuOiCl Triethylene glycol CsHsOsCl /9-Ethoxyethyl chloro- 

xnono(chloroacetate) 3:0088 formate 3:9280 



V. ALPHABETICAL NAME INDEX TO COMPOUNDS OP 

ORDER 3 


1. Note that this index refers only to numbered compounds of Order 3; for 
practical reasons it cannot include the large number of related products which 
are incidentally mentioned within the text of these numbered individuals. 

2. In this alphabetical name index all literal prefixes (such as those below) 
arc ignored in establishing the alphabetical sequence. Note, however, that 

iso is not recognized as a prefix but is construed as an integral part of the 
name and therefore indexed under the letter I. 

3. Within any given group of related prefixes the following sequences are 
employed: 


d,Z- . . . 

alio- . . . meso- 

h.-m. 

. . . l.-m. 

crythro- 

. . . threo- 

0- . . . 

m-.,.p- 

cis- . . . 

trans- 

0£- . . , 

. P- . . ,y- 

'prim.- . 

. . sec.- . . . tcr- 

his- . 

. . tris- 

sym.- . . 

, . unsym,- 

solid . 

. . liquid 


4. Note that except when needed to distinguish from other stereoisomers 
the prefix d,l is omitted from the alphabetical index names even when included 
in text of the individual compound. 

5. Whenever in a particular name the syllable (di) is inserted in parentheses 
to avoid possible ambiguity, such syllable is ignored in establishing the alpha- 
betical sequence. 

6. For a given family of derivatives of the same halogen-free parent, the 
sequence of listing is based upon the parent, e.g., all the dichloro substitution 
products of naphthol-l precede all those derived from naphthol-2. 



A 

3:8150 

2-Acetoxy-l-chloropropane 

3:6210 

Acetaldehyde 6w-(j5-chlorethyI)- 

3:8180 

l-Acetoxy-2-chloropropane 


acetal 

3:8310 

l-Acetoxy-3-chloropropane 

3:9098 

Acetoacetyl chloride 

3:7065 

Acetyl chloride 

3:6517 

/?-Accto-a-chlorohdryin 

3:5042 

cis-Acetylene dichloride 

3:6775 

7 -Aceto-a-chlorohydrin 

3:5028 

^ranfi- Acetylene dichloride 

3:6648 

a-Aceto-/3-chlorohydrm 

3:5030 

Acetylene dicliloride (ordinary 

3:6220 

7-Aceto-cit,/5-dichlorohydrin 


mixt.) 

3:6318 

/3-Aceto-«,7-dichlorohydriii 

3:5750 

Acetylene tetrachloride 

3:7140 

“ Acetone (di) chloride 

3:5555 

Acetylidene tetrachloride 

3:2662 

Acetone chloroform 

3:9034 

Acrolein dichloride 

3:6180 

“ Acetone chloroform ” acetate 

3:5140 

“ Acrolein dichloride ** 

3:5425 

Acetonyl chloride 

3:5576 

Acrolein hydrochloride 
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8 : 7158 Acryloyl chloride 

8:8858 Adipyl (di) chloride 

8 : 8888 Allyl alcohol dichloride 

8:7885 AUyl chloride 

8 : 7487 Allyl chlorocarbonate 

8:7487 Ally! chloroformate 

8 : 7588 AUyl-dimethyl-carbinyl chloride 

8 : 7855 Allyl-ethyl>carbinyl chloride 

8:5148 Allylidene (di) chloride 

8:8885 Allyl-isobutyl-carbinyl chloride 

8:7788 Ally 1-isopropyl-carbinyl chloride 

8:8385 aec.-Amyl-(2)-acetyl chloride 

8 : 7588 ter-Amyl-carbinyl chloride 

8 : 7488 n-Aniyl chloride 

3:7385 «£c.-(2)-Ainyl chloride 

8:7388 aec.-(3)-Amyl chloride 

3 : 7888 ter- Amyl chloride 

3:8388 n- Amyl chlorocarbonate 

3:8488 7i-Amyl a-chloroethyl ether 

3:8388 n-Amyl chloroformate 

3:8734 n-Amyl-diethyl-carbinyl chloride 

3 : 8188 71-Amyl-dimethyl-carbinyl 

chloride 

3 : 7875 ter-Amylene dichloride 

3:8848 n-Amyl-ethyl-methyl-carbinyl 

chloride 

8:8887 ter- Amyl h 3 npochlorite 

8 : 8788 n-Amyl-isopropyl-methyl-oar- 

binyl chloride 

3:8438 Tt-Amyl-methyl-carbinyl chloride 

3:8738 n-Amyl-methyl-n-propyl- 

carbinyl chloride 

3:8588 n-Amyl trichloroacetate 

3:8185 ter-Amyl trichloroacetate 

3:8878 o-Anisoyl chloride 

8:8787 m-Anisoyl chloride 

3:8898 p-Anisoyl chloride 

3:9888 Aaelayl (di) chloride 

B 

3:8887 Benzal (di) chloride 

3:4418 a-Benzene hexachloride 

3:4988 /S-Benzene hexachloride 

3:8888 Benzohydryl chloride 

3:8888 Benzophenone (di) chloride 

3 : 8548 Benzotrichloride 

3:9888 o-Benzoylbenzoyl chloride 

3:9888 o-Benzoylbenzoyl pseudo^ 

chloride 

3:8848 Benzoyl chloride 

3:8718 Benzylcarbinyl chloride 

3 : 8585 Benzyl chloride 

3:8585 Benzyl chlorocarbonate 

8:9585 Benzyl chloroformate 

3:8387 Benzylidene (di)chloride 

8:7885 Biallyl hydrochloride 

3:1788 Butadiene tetrachloride (solid 

isomer) 

3:8888 Butadiene tetrachloride (liquid 

isomer) 

3:8885 sec.-Butylacetyl chloride 

8:7888 ter-Butylacetyl chloride 

8 : 7488 n-ButylcarbWl chloride 


3:7345 sec.-Butylcarbinyl chloride 
8:7888 <er-Butylcarbinyl chloride 
3:5818 “ Butylchloral ” 

3:7168 n-Butyl chloride 

8:7185 sec.-Butyl chloride 

3 : 7845 ter-Butyl chloride 

3 : 8538 7i-Butyl chloroacetate 

3:8358 sec.-Butyl chloroacetate 

3:8888 ter-Butyl chloroacetate 

3:7880 n-Butyl chlorocarbonate 

3:8398 n-Butyl a-chloroethyl ether 

3:7980 n-Butyl chloroformate 

3:8595 n-Butyl a-chloropropionate 

3 : 9474 n-Butyl /9-chloropropionate 

3 : 8185 a- (n-Butyl) crotyl chloride 

3:9646 n-Butyl-diethyl-carbinyl chloride 

3 : 9656 ter-Butyl-diethyl-carbinyl 

chloride 

3:7945 n-Butyl-dimothyl-carbinyl 

chloride 

3:8448 ficc.-Butyl-dimethyl-carbinyl 

chloride 

3 : 4080 ter-Butyl-dimethyl-carbinyl 

chloride 

3:8085 a-Butylene chlorohydrin 

3:8000 /3-Butylene chlorohydrin 

3 : 8000 psewdo-Butylene chlorohydrin 

3:7680 a-Butylene dichloride 

3 : 7615 /3-Butylene dicliloride 

3 : 7580 meso-/3-Butylene dichloride 

3:9436 scc.-Butyl-ethyl-carbinyl chloride 

3 : 9544 n-Butyl-ethyl-methyl-carbinyl 

chloride 

3 : 9788 n-Butyl-ethyl-n-propyl-carbinyl 

chloride 

3:7165 ter-Butyl hypochlorite 

3:7550 n-Butylidene (di) chloride 

8 : 9650 n-Butyl-isopropyl-methyl- 

carbinyl chloride • 

8 : 9458 n-Butyl-methyl-acetyl chloride 

3:9458 «cc.-Butyl-methyl-acetyl chloride 

3:7715 n-Butyl-methyl-carbinyl chloride 

3:9350 eec.-Butyl-methyl-carbinyl 

chloride 

8 : 7475 fer-Butyl-methyl-carbinyl chloride 

8:9644 n-Butyl-methyl-n-propyl- 

carbinyl chloride 

8 : 9654 ter-Butyl-methyl-n-propyl- 

carbinyl chloride 

3:8538 n-Butyl-n-propyl-carbinyl 

chloride 

3:6315 n-Butyl trichloroacetate 

3 : 9378 sec.-Butyl trichloroacetate 

3:0138 ter-Butyl trichloroacetate 

3:8418 n-Butyl-vinyl-carbinyl chloride 

3 : 5918 ‘ ‘ Butyrchloral ’ ’ 

8:1905 “ Butyrchloral hydrate " 

8:7370 n-Butyryl chloride 

C 

8:8808 n-Caprinyl chloride 

8:8188 n-Caproyl chloride 

8:8880 n-Capryloyl chloride 
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3:9246 

Carbethoxyacetyl chloride 

3:6710 

m>Chlorobenzal (di)ohloride 

3:9566 

“ Carbobenzoxy chloride ” 

3:6700 

p>Chlorobenzal (di) chloride 

3:9698-A 

Carboxnethoxyaoetyl chloride 

8:6410 

o>Chlorobenzaldehyde 

3:9373 

7 -(Carbomethoxy)-n-butyryl 

chloride 

3:6475 

3:0765 

m-Chlorobenzaldehyde 

p-Chlorobenzaldehyde 

3:9793 

a>-(Carbomethoxy) pelargonyl 
chloride 

3:7903 

3:4980 

Chlorobenzene 

4rChlorobenzenedicarboxylio 

3:9347 

(Carbomethoxy ) propionyl 
chloride 

8:4960 

acid- 1,3 

5-Chlorobenzenedicarboxylic 

3 

5160 

Carbon tetrachloride 


acid-1,3 

3 

5060 

Carbonyl chloride 
“ Cellosolve *’ chloroformate 

8:4995 

2-Chlorobenzenedicarboxylic 

3 

9380 


acid-1,4 

3 

0915 

Cetyl chloride 

8:4855 

5-Cblorobenzenetricarboxylic 

3 

5310 

Chloral 


acid-1,2,4 

3 

0860 

Chloralalcoholate 

3:4975 

2-Chlorobenzenetricarboxylio 

3 

0843 

Chloral n-butylalcoholate 


acid- 1,3, 5 

3 

6317 

Chloral diethylacetal 

3:4150 

o-Chlorobenzoic acid 

3 

0860 

Chloral ethylalcoholate 

3:4393 

m-Chlorobenzoic acid 

3 

1370 

Chloral hydrate 

3:4940 

p-Chlorobenzoic acid 

3 

3510 

Chloralide 

3:0715 

2-Chlorobenzophenone 

3 

4978 

Chloranil 

3:3160 

3-Chlorobenzophenone 

3 

4970 

Chloranilic acid 

3:1914 

4-Chlorobenzophenon6 

3 

3663 

“ Chlorbutol ” 

3:1100 

2-Chlorobeiizoqulnone-l ,4 

3 

7615 

Chlorethane 

3:6880 

r-Chlorobenzotrichloride 

3 

3663 

“ Chloretone 

3:6845 

m-Chlorobenzotrichloride 

3 

6180 

“ Chloretone ” acetate 

3:6835 

p-Chlorobenzotrichloride 

3 

6035 

“ Chlorex *’ 

3:6640 

o-Cldorobenzoyl chloride 

3 

8338 

Chloroacetal 

3:6590 

m-Chlorobenzoyl chloride 

3 

7313 

Chloroacetaldehyde 

3:6550 

p-Chlorobenzoyl chloride 

3 

8338 

Chloroacetaldehyde diethylacetal 

3:6400 

o-Chlorobenzyl chloride 

3 

3300 

Chloroacetaldehyde trimer 
Chloroaceticjacid 

3:6445 

m-Chlorobenzyl chloride 

3 

1370 

3:0330 

p-Chlorobenzyl chloride 

3 

0730 

Chloroacetic acid anhydride 

3:6635 

(^hlorobenzylidene (di) chloride 

3 

9088 

-y-Chloroacetoacetyl chloride 

3:6710 

771-Chlorobenzylidene (di) chloride 

3 

5435 

Chloroacetone 

3:6700 

p-Chlorobenz>'lidene (di) chloride 

3 

1313 

a-Chloroacetophenone 

3:1618 

a>Chlorobenzyl phenyl ketone 

3 

1313 

o^-Chloroacetophenone 

3:0300 

2-Chlorobiphenyl 

3 

6615 

c-Chloroacetophenone 

3:8940 

3-Ch lorobiphenyl 

3 

6815 

m-Chloroacetophenone 

3:1913 

4-Chlorobiphonyl 

3 

6735 

p-Chloroacetophenone 

3:7335 

4-Chlorobutadiene-l ,2 

3 

3934 

4-(Chloroacetyl) biphenyl 

3:7310 

1-Chlorobutadiene-l ,3 

3 

5335 

Chloroacotyl chloride 

3:7080 

2-Chlorobutadiene- 1 ,3 

3 

7000 

Chloroacetylone 

3:9109 

2-Chlorobutanal- 1 

3 

9031 

a-Chloroacrolein 

3:9110 

3-Chlorobutanal- 1 

3 

1445 

o:>Chloroacrylic acid 

3:9111 

4-Chlorobutaual- 1 

3 

3340 

^•<!!hloroacrylic acid 

3:7160 

1-Clilorobutane 

3 

5635 

/3>Chloroallyl alcohol 

3:7135 

2-Chlorobutane 

3 

5830 

7 -Chloroallyl alcohol 

3:9160 

2-Chlorobu tanol- 1 

3 

8737 

7 -Chloroallylbenzene 

3:9165 

3-Chlorobutanol- 1 

3 

8737 

co-Chloroallylbenzene 

3:9170 

4-Chlorobutanol- 1 

8 

6190 

/3-Chloroallyl chloride 

3:8035 

l-Chlorobutanol-2 


5380 

7 -Chloroallyl chloride 

3:8000 

3-Chlorobutanol-2 


9395 

cu-Chloro-Ti-amyl alcohol 

3:8004 

d,l-eri/</iro-3-Chlorobutanol-2 


8030 

3-Chloro-<er-amyl alcohol 

3:8003 

d,^-fhreo-3-Chlorobutanol-2 


4970 

Chloroanilio acid 

3:9175 

4-Chlorobutanol-2 


9448 

<x-Chloroanisole 

3:9175 

l-Chlorobutanol-3 


9448 

oHChloroanisole 

3:8013 

l-Chlorobutanone-2 


6355 

o>Chloroani8ole 

8:7598 

3-Chlorobutanone-2 


6195 

m>Chloroanisole 

3:7646 

4-Chlorobutanone-2 


6360 

2 >-Chloroanisole 

3:7646 

l-Chlorobutanone-3 * 


4486 

l-Chloroanthraquinone 

8:7110 

1-Chlorobutene-l 


4933 

2>Chloroanthraquinone 

3:7075 

2-Chlorobutene-l 


6635 

o-Chlorobenzal (di) chloride 

8:7096 

3-Chlorobutene-l 



1426 


3:7161 

3:7306 

3:7106 

3:8117 

3:1616 

3:3760 

3:1300 

3:3636 

3:3170 

3:8340 

3:8370 

3:9114 

3:9113 

3:8110 

3:9116 

3:9114 

3:8370 

3:7070 

3:9160 

3:9165 

3:9170 

3:7763 

3:8780 

3:7090 

3:7305 

3:8830 

3:9760 

3:7176 

3:9694 

3:9109 

3:9110 

3:9111 

3:9694 

3:9130 

3:0036 

3:0030 

3:6670 

3:9100 

3:6970 

3:0480 

3:0746 

3:3470 

3:9106 

3:9306 

3:9634 

3:6633 

3:6633 

3:1430 

3:3380 

3:0780 

3:1816 

3:8616 

3:1066 

3:1636 

3:0700 

3:6316 


ALPHABETICAL NAME INDEX 


4-Clilorobutene-l 

1- Chlorobutene-2 

2- Chlorobutene’'2 
2-Clilorobuten>2-al~l 
cis-2-Chlorobuten-2-oic aoid-1 
^ra7i8-2-<Chlorobuten-2-oio acid-1 
cw-3-Chlorobut©n-2-oic acid-1 
£ran8-3-C]ilorobuten-2-oic add-l 
4-Chlorobuten-2-oic acid-1 

2- Chlorobuten-2-ol-l 

3- Chlorobuten-2-ol-l 

4- Chlorobuten-2-ol-l 

2- Chlorobuten-3-oH 
l-Chlorobuten-3-ol-2 

3- Chlorobuten-3-ol-2 

1- Chlorobuten-2-ol-4 

2- Clilorobuteii-2-ol -4 

1- Chlorobuten-3-yne-l 
iS-Chloro-n-butyl alcohol 
'y-Chloro-n-butyl alcohol 
fi-Chloro-n-butyl alcohol 
Chloro-/cr-butyl alcohol] 
(^-Chloro-ier-butyl) benzene 
•y-Chloro-a-butyleno 
a-Chloro-/3- butylene 

2- Chloro-4-/i-butylphenol 

2- Chloro-4-ier-butylphenol 
l-Chlorobutyne-2 
jS-Chlorobutyracetal 
a-Chloro-n-butyraldehyde 
^-Chloro-n-butyraldehyde 
7-Chloro-n-buty raldehyde 
/3-Chloro-n-butyraldehyde 

diethylacetal 
of-Chloro-n-butyric acid 
jS-Chloro-n-butync acid 
'y-Chloro-n-butyric acid 
a-Chloro-n-butyryl chloride 
/3-Chloro-n-butyryl chloride 
7-Chloro-n-butyryl chloride 
p- (5) -Chlorocarvacrol 

3- CMorocatechol 

4- Chlorocatechol 
l-Chloro-2-(chloromethyl)- 

butadione-1,3 

3- Chloro-2-(chloromethyl)- 
butene-1 

4- Chloro-3-(chloromethyl)- 
heptane 

3-Chloro-2-(chloromethyl)- 

propene-l 

l-Chloro-2-(chloromethyl)- 

propene-2 

1- Chloro-2,2-6i8-(p-ohloroplienyl)- 
ethylene 

3- Chloro-o-cresol 

4- Chloro-o-cresol 

5- Chloro-o-cresol 

6- Chloro-o-cresol 

2- Chloro-ni-cresol 
4-Chloro-m-cre8ol 
O-ChloFO-ni-cresol 
2-Ohloro-p-cresol 


8:1036 3-Chloro-p-cresoi 

3:8117 a-Chlorocrotonaldehyde 

3:1616 a//o-a-Chlorocrotonic acid 

3 : 3760 a-Clilorocrotonic acid 

3:3636 /3-Chlorocrotonic acid 

3:3170 7-Chlorocrotonic acid 

3:8340 /3-Chlorocrotonyl alcohol 

3:8370 7-Chlorocrotonyl alcohol 

3:8705 p-Chlorocumone 

3 : 8040 Chlorocyclohexane 

3:9374 cis-2-Chlorocyclobexanol-l 

3 : 0176 <ran8-2-Chlorocy clohexanol-1 

3:9376 4-Chlorocyclohexanol-l 

3 : 0130 2-Chlorocyclohexanone-l 

3 : 9360 3-Chlorocyclohexanoiie-l 

3 : 9364 4-Chlorocyclohexanone-l 

3 : 7646 Chlorocylopentane 

3 : 8776 2-Chloro-p-cymene 

3 : 8770 3-Cliloro-p-cymene 

3 : 8786 1-Chlorodecane 

3:0014 1 0-Chlorodecanol-l 

3:9713 6-Chlorodecoiie-5 

3 : 0014 w-Cliloro-w-decyl alcohol 

3:1618 a-ChlorodessOxy benzoui 

3 : 1618 ws-Clilorodesoxybcnzoin 

3:7306 a-Chlorodiethyl ether 

3:9716 4-Chloro-3 ,4-diothylhexene-2 

3 : 7986 a-Clilorodiethylketone 

3 : 1366 w-Chloro-2 ,4-diniethylacoto- 

phenone 

3 : 1776 w-Chloro-3,4-dimothylaceto- 

phenone 

3 : 0346 w-Chloro-2 , 5-dimethylaceto- 

phenoiie 

3 : 8646 3-Chloro-l ,2-dimothyl benzene 

3 : 8676 4-Chloro-l ,2-dirnethyl benzene 

3 : 8690 2-Chloro-l ,3-dimethy Ibenzone 

3 : 8666 4-Chloro-l ,3-diniethylbenzene 

3 : 8640 6-Chloro-l ,3-dimethy Ibenzone 

3 : 8600 2-Chloro-l ,4-diraethylbenzone 

3:7690 l-Chloro-2,2-dimethylbutane 

3 : 7476 3-Chloro-2,2-dunethylbutaiie 

3 : 7666 4-Chloro-2,2-diniethylbutane 

3:7600 2-ChlorO"2,3-diniethylbutane 

3 : 7340 2-ChlorO“3,3-diinethylbutene-l 

3 : 7630 l-Chloro-2,3-dimethylbutene-2 

3 : 7340 3-Chloro-2,2-dimethylbutene-3 

3:7086 Chlorodimethyl ether 

3:8780 (/3-Chloro-a,a-diinethyl) ethyl- 

benzene 

3:9666 3-Chloro-2,2-dimethyl-3-ethyl- 

pentane 

3:9660 3-Chloro-2,3-dimethylheptane 

3 : 9663 6-Chloro-2,5-diinethylheptane 

3 : 9630 4-Chloro-3 , 6-diinethylheptene-2 

3 : 9664 3-Chloro-2, 3-dimethylhexano 

3 : 9660 2-Chloro-2,5-dimethylhexane 

3 : 9668 2-Chloro-3 , 4-dimethylhexan6 

3:9639 4-Chloro-2,5-dimethylhexene-2 

3:9638 4-Chloro-3,6-dimethylhexene-2 

3 : 9637 2-Chloro-2,6-diniethylhexene-3 

8 : 9638 3-Chloro-2 i4-dixnethy lhexene-4 

3:9738 3-Chloro-2,3-dimethyloctane 
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3:9740 

3:0714 

3:9714 

3:9440 

3:9442 

3:7970 

3:8153 

3:7750 

3:8153 

3:7725 

3:7605 

3:9418 

3:9418 

3:2218 

3:2115 

3:2460 

3:8784 

3:1822 

3:2180 

3:0158 

3:2705 

3:1754 

3:0844 

3:3505 

3:7200 

3:0440 

3:9266 

3:3585 

3:0885 

3:0060 

3:9870 

*3:8810 

3:0172 

3:0172 

3:9702 

3:5358 

3:7015 

3:5552 

3:5552 

3:7010 

3:6210 

3:6655 

3:9185 

3:6655 

3:7625 

3:5735 

3:5552 

3:9480 

3:8667 

3:8712 

3:8712 

3:8550 

3:8570 

3:8860 

3:7720 

3:9306 

3:6230 

3:5780 

3:9160 


8-Chloro-2,6-diinethyloctane 
4-Chlbro-3,7-dimethyloctene-2 
6-Chloro-2, 6-dimethyloctene-6 
4-Chloro-2,2-climethylpeiitane 
2>Chloro-2, 3-diinethylpentane 

3- Chloro-2,3-diinethylpentano 
6-Chloro-2,3-dimethylpentane 

2- Chloro-2,4-dimethylpeiitane 

1- Chloro-3,4-diinethylpentane 

4- Chloro-2,4-dimethylpentene-l 

3- Chloro-2,4-diniethylpentene-2 

4- Chloro-2,4-dimethylpcnteno-2 

2- Chloro-2,4-diinethylpentene-3 

4- Cliloro-2,3-dimethylphenol 
6-Cliloro-2,3-dimethyIphenol 

5- Chloro -2,4-dimethylphenol 

6- Chloro-2 ,4-diinethylphenol 
4-Chloro-2,5-dimethylphenol 

4- Chloro-2,()-diniethylphenol 
2-Chloro-3,4-dimethylphenol 

5- Chloro-3,4-diinethylpIienol 
C-Chloro-3,4-dimethylphenol 

2- Chloro-3,5-dmiethylphenol 
4-Chloro-3,5“diinethylphenol 

1 -Chloro-2,2-dimethy Ipropane 
/S-Chloro-a.a-dimethylpropionic 
acid 

^-Chloro-a,a-dimethylpropionyl 

chloride 

a-Chloro-diphenylacetic acid 
a-Chloro-diphenylacetyl chloride 
a-Chlorodipheny Imethane 
Chloro-diphenyl-methyl- 
methano 

1- Chlorododecane 

1 2 -Chlorododecanol-1 
oj-Chloro-n-dodecyl alcohol 
«-Chlorodurene 

3- Chloro-l ,2-epoxypropane 
Chloroethane 
/3-Chloroethanol 

2- Chloroethanol-l 
Chloroethene 

a,a-his- (/3-Chloroethoxy) ethane 
a,/3-6is-(j3-Chloroethoxy)ethane 
2-(j3-Chloroethoxy) ethanol-1 
j8-(j8-Chloroothoxy)ethyl /3- 
chloroethyl ether 
a-Chloroethyl acetate 
/3-Chloroethyl acetate 
/8-Chloroethyl alcohol 
a-Chloroethyl n-amyl ether 
a-Chloroethylbenzene 
jS-Chloroethylbenzene 
<o-Chloroethylbenzene 

0- Chloroethylbenzene 
p-Chloroethylbenzene 
jS-Chloroethyi benzoate 

1- Chloro-2-ethylbutane 
a-Chloroethyl n-butyl ether 
/9-Chloroethyl chloroacetate 
/3-Chloroethyl chlorooarbonate 
a-Chloroethyl /8-ohloroethyl ether 


3:5780 /3-Chloroethyl chloroformate 

3 : 5900 a-Chloroethyl chloromethyl 

ketone 

3 : 8030 a-Chloroethyl-dimethyl-carbinol 
3 : 8335 /3-Chloroethyl-dimethyl-carbinol 
3:7595 (a-Chloroethyl) ether 

3:6025 hw-^-Chloroethyl) ether 

3 : 8500 /3-C Woroethyl-ethyl-carbinol 

3 : 7305 a-Chloroethyl ethyl ether 

3 : 7463 /3-Chloroethyl ethyl ether 

3:7935 a-Chloroethyl ethyl ketone 

3:9268 j3-Chloroethyl ethyl ketone 

3 : 9646 3-Chloro-3-ethyIheptane 

3 : 9648 4-Chloro-4-ethylheptane 

3 : 8370 l-Chloro-2-ethylhexane 

3 : 9552 l-Chloro-3-ethylhexane 

3 : 8223 3-Chloro-3-ethylhexane 

3:8510 1 -Chloro-4-ethylhexene-3 

3:9185 a-Chloroethyl /3-hydroxyethyl 

ether 

3:5330 Chloroethylidene (di) chloride 

3 : 7150 a-Chloroethyl methyl ether 

3:7265 /3-Chloroethyl methyl ether 

3:7598 a-Chloroethyl methyl ketone 

3:7640 /3-Chloroethyl methyl ketone 

3:8210 3-Chloro-3-ethyl-2-methyl- 

pentane 

3:8115 2-Chloro-3-ethy 1-3-methyl- 

pen tene-1 

3 : 9734 3-Chloro-3-ethy loctane 

3:9736 4-Chloro-4-ethyloctane 

3:9406 l-Chloro-3-ethylpentadiene-l,2 

3:9438 2-Chloro-3-ethylpentane 

3 : 8055 3-Chloro-3-ethylpcntane 

3 : 9410 l-Chloro-3-ethylpentyne-l 

3 : 9770 /8-Chloroethyl /3'-phenoxyethyl 

ether 

3:0165 /3-Chloroethyl phenyl ether 

3:9664 a-Chloroethyl phenyl ketone 

3 : 1115 /8-Chloroethyl phenyl ketone 

3:7525 a-Chloroethyl n-propyl ether 

3:6510 /3-Ghloroethyl trichloroacetate 

3 : 7464 /3-Chloroethyl vinyl ether 

3 : 7000 Chloroethyne 

3 : 9494 Chloroethynylbenzene 

3 : 5050 Chloroform 

3 : 4853 Chlorofumaric acid 

3:6105 Chlorofumaryl (di) chloride 

3:8803 1-Chlorohendecane 

3 : 0100 l-Chloroheptadecane 

3:8085 l-Chloroheptadiene-1,6 

3 : 8250 1-Chloroheptane 

3 : 9432 2-Chloroheptane 

3 : 8080 3-Chloroheptane 

3:8095 4-Chloroheptane 

3 : 0013 7-Chloroheptanol-l 

3:8219 l-Chloroheptene-l 

3:7988 2-Chloroheptene-l 

3 : 9412 3-Chloroheptene-l 

3 : 8050 4-Chloroh6ptene-2 

3 : 8023 4-Chloroh6ptene-3 

8:0013 co-Chloro-n-heptyl alcohol 

8:8082 1-Chloroheptyne-l 
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S : 0015 l*ChlorohexadeGane 

3:0525 16-Chlorohexadeoanol>l 

3:0525 ei>-ChloTO‘n>hexadecyl alcohol 

3 : 0812 3-Ghlorohexadiene-l ,3 

3:0045 Chlorohexamethylethane 

3 : 7055 1-Chlorohexane 

3:7715 2-Chloroh6xane 

3:7070 S-Chlorohexane 

3:0305 6-Chlorohexanol-l 

8:7785 3-Chlorohexatetraene>l,3,4,5 

3:7030 1-Chlorohexene-l 

3:7580 2-Chlorohexene-l 

3:0384 3-Chlorohexeiie-l 

3 : 7055 4-Chlorohexene*l 

3 : 7005 5-Chlorohexene-l 

3:7020 l-Chlorohexene>2 

3 : 7075 4-Chlorohexene-2 

3:0336 cM-l-Chlorohexene-3 

3 : 7585 3>Ghlorohexene>3 

8:0305 co*Chloro-n-hexyl alcohol 

3:0320 l-Chlorohexyne-l 

8:3130 2-Chlorohydroquinone 

3 : 1010 3-Chloro-2-hydroxybenzaIdehyde 

3:0060 4-ChJoro-2-hydroxyben2aldehyde 

3:2800 6-Chloro-2-hydroxybenzaldehyde 

3 : 4085 2-Chloro-3-hy droxybenzaldehyde 

3 : 3780 4-Chloro-3>hydroxyb€nzaldehyde 

3 : 3350 6-Chloro-3-hydroxybenzaldehyde 

3:4280 2-Chloro-4-hydroxybenzaldehyde 

3 : 4065 3-Chloro-4-hy droxybenzaldehyde 

3:3350 2-Chloro-5-hydroxybonzaldehyde 

3:4745 3-Chloro-2-hydroxybenzoic acid 

3:4008 4-Chloro-2-hydroxybenzoic acid 

3:4705 5>Chloro>2-hydroxybenzoic acid 

8:4610 6-Chloro-2-hydroxybenzoic acid 

3:4305 2-Chloro-3-hydroxybenzoic acid 

3:4033 4-Chloro-3-hydroxybenzoic acid 

3:4720 6>Chloro-3-hydroxybenzoic acid 

3:4430 2--Chloro 4-hydroxybenzoic acid 

3:4675 3-Chloro-4>hydroxybenzoic acid 

3:1757 3-Chloro-2-hydroxybiphenyl 

3:8080 6-Chloro-2-hydroxybiphenyl 

3:1000 d-Chloro^hydroxybiphenyl 

3 : 4262 4'-Chloro-4-hydroxybiphenyl 

8:0185 /3>Ghloro-/3'-hydroxydiethyl ether 
3:6517 /8-Chloro-/3'-hydroxy-isopropyl 

acetate 

3:6648 /3-Chloro-7-hydroxy-n-propyl 

acetate 

8:0775 7-Chloro-^-hydroxy-n-propyl 

acetate 

8:7005 /3>Chloroisobutyl alcohol 

8:7120 a-Chloroiaobutylene 

8:7145 7-Chloroi8obutylene 

8:7285 a-Chloro>i8obutyraldehydo 

8 : 0112 /S-Chloro-isobutyraldehyde 

3:0285 a-Chloro-isobutyric acid 

8:0182 /^Chloro*iBobut3aic acid 

8:5885 a*Chloro-i8obutyryl chloride 

8:0101 /S^Chloro-isobutyryl chloride 

8:1015 oc-Chloroisoorotonic acid 

8 : 1800 /S-Chloroisoorotonic acid 

8:0872 a^hloroieodurene 


3:4080 4«Chloroisophthalic acid 

8:4060 5>Chloroisophthalic acid 

3 : 7200 ‘ ‘ /S-Chloroisoprene ’* 

3:8150 /S-Chloro-isopropyl acetate 

8:7747 /?-Chloro>isopropyl alcohol 

3:0610 a-Chloro-isopropylbenzene 

8:8705 4-Chloro-i8opropylbeii zene 

8:8605 &i8-09-Chloro>iBopropyl) ether 

8 : 8775 2-Chloro-4>isoprop> l-l-methyl< 

benzene 

8 : 8770 3-Chloro-4-isopropyl-l-methyl- 

benzene 

8:0200 a-Chloroisopropyl-methyl- 

carbinol 

3:1203 4-Chloro-2-isopropyl-5-methyl- 

phenol 

3:0480 4-Chloro-6-isopropyl-2-methyl- 

phenol 

3 : 3220 2,4,6-«m-(a-Chloro-isopropyl)- 

trioxane-1,3,5 

3 : 0050 cK-Chloro-isovaleric acid 

3 : 8144 a-Chloro-isovaleryl chloride 

3:0088 7-Chloro-|8-keto-nr-butyryl 

chloride 

3 : 0172 co-Chlorolauryl alcohol 

8:3432 Chloromaleic acid 

3:0280 Chloromaleic anhydride 

3:6158 Chloromaleyl (di) chloride 

3 : 8725 eso-Chloromesitylene 

3 : 7005 Chloromethane 

8 : 8210 3-Chloro-3-roethoethylpentane 

3 : 5356 Chloromethyl acetate 

3 : 0660 co-Chloro-o-methylacetophenone 

3:1130 w-Chloro-p-methylacetophenone 

3:8340 7-Chloro-^-methylallyl alcohol • 

3:4435 3-Chloro-2-methylbenzoic acid 

3:4700 4-Chloro-2-methylbenzoic acid 

3 : 4670 5-Chloro-2-methylbenzoic acid 

3:3275 6-Chloro-2-inethylbenzoic acid 

3:4015 4-Chloro-3-methylbenzoic acid 

3:4715 5-Chloro-3-methylbenzoic acid . 

3:4615 6-Chloro-3-methylbenzoic acid 

3:4355 2-Chloro-4 methylbenzoic acid 

3:4900 3-Chloro-4-methylbenzoic acid 

3:0570 o-(Chloromethyl) benzyl alcohol 

8 : 7300 l-Chloro-3-methylbutadiene-l ,2 

8 : 0200 l-Chloro-2-methylbutadiene-l ,3 

8 : 7290 3-Chloro-2-methylbutadiene-l ,3 

8 : 7355 4-Chloro-2-methylbutadiene-l ,3 

8 : 7355 l-Chloro-3-methylbutadiene-l ,3 

8 : 7290 2-Chloro-3-methylbutadiene-l ,3 

8 : 7390 4-Chloro-2-niethylbutadiene-2,3 

8 : 7345 l-Chloro-2-methylbutane 

3 : 7220 2-Chloro-2-methylbutano 

8 : 7275 3-Chloro-2-methylbutane 

8 : 7865 4-Chloro-2-methylbutane 

8:7865 l-Chloro«3-methylbutane 

8 : 8175 l*Chloro-2-methylbutanol-2 

8 : 8080 3-Chloro-2-aiethylbutanol-2 

8:8885 4*Chloro-2-methylbutanol-2 

8 : 0200 2*-Chloro-2>methy lbutaaol*3 

8 : 0260 l’’Chloro>2*in6thylbutanoxie^ 

8 • 7507 2*Chloro-2-'ZQethylbutaao]ie^ 
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3:tK814 

8:7803 

8:7300 

8:7816 

8:7486 

3:7336 

3:7466 

3:7816 

3:7166 

3:7166 

3:8718 

3:0060 

3:6070 

3:8144 

3:6876 

3:6875 

3:8090 

3:9801 

3:7667 

3:6846 

3:6368 

3:7196 

3:8018 

3:8176 

3:8370 

3:8100 

3:9640 

3:9644 

3:9648 

3:9660 

3:8806 

3:9580 

3:9684 

3:9685 

3:9686 

3:9686 

3:8806 

3:9616 

3:7946 

3:7986 

3:8166 

3:9434 

3:7960 

3:9436 

3:7730 

3:9414 

3:7800 

3:7890 

3:7730 

3:9408 

3:9408 

3:8796 

3:0663 

3:7747 


2- (Chloromethyl) butene-1 
l-Chloro-2-methylbutene- 1 

3- Chloro-2-methylbuteno-l 
1-Chloro -S-methy lbutene-1 

1- Chloro-2-methylbutene-2 

3- Chloro-2-methylbutene-2 

4- Chloro-2 methylbutene-2 
4-Chloro-2-methylbutene-3 
3-Chloro-3-methylbutyne-l 

2- Chloro-2-methylbutyne-3 
a-Chloro-a-methyl-ri-butyrio 

acid 

a-Chloro-jS-methyl-n^butyric 

acid 

a-Chloro-ot-methyl-»-butyryl 

chloride 

a-Chloro-/3-methyl-n-butyryl 

chloride 

Chloromethyl chlorocarbonate 
Chloromethyl chloroformate 
Chloromethyl p-chlorophenyl 
ketone 

2- (Chioromethylj-l ,3-dichloro- 
butene-1 

3- Chloro-2-methyl-l ,2-epoxy- 
propane 

fris- (Chloromethyl) ether 
(Chloromethyl) ethylene oxide 
Chloromethyl ethyl ether 
Chloromethyl ethyl ketone 
Chloromethyl-ethyl-methyl- 
carbinol 

3-(Chloromethyl) heptane 

2- Chloro-2-methylheptane 
6-Chloro-2-methylheptane 

3- Chloro-3-mothylheptano 

3- Chloro-4-methylheptano 

4- Chloro-4-methylheptane 
4-Chloro-6-methylheptene-l 
6-Chloro-2-methyllieptene-2 
4-Chloro-3-methylheptene-2 
4-Chloro-6-methylheptene-2 
6-Chloro-4-methylheptene-3 
4-Chloro-2-methylhepteno-5 

4- Chloro-2-methylheptene-6 
3-Chloro-3-methylheptyne-4 
2-Chloro-2-methylhexane 

5- Chloro-2-methylhexane 

1- Chloro-3-methylhexane 

2- Chloro-3-methylhexane 

3- Chloro-3-methylhexane 

4- Chloro-3-methylhexane 
4-Chloro-6-methylhexen©-l 
4-Chloro-3-methylhexene-2 
4-Chloro-5-methylhexene-2 
3-Chloro-2-methylhexene-4 
3-Chloro-2-methylhexene-6 

6- Chloro-5-methylhexen-l-yne-3 
2-Chloro-2-methylhexen-5-yne-3 
l-Chloromethyl-4-isopropyl- 

benxene 

&i8-(Chloromethyl) ketone 
Chloromethyl-methyl-carbinol 


3 : 9614 2-Chloro-6-methyl-6-methylene- 

heptene-2 

3 : 7086 Chloromethyl methyl ether 

3:9660 4-(Chloromethyl)-3-methyl- 
hexane 

3 : 0860 l-(Chloromethyl)naphthalene 

3:0747 2-(Chloromethyl)naphthalene 

3 : 9730 4-Chloro-4-methylnonane 

3:9738 5-Chloro-5-methylnonane 

3:9710 3-Chloro-3-methylnonyne-4 

3:9648 3-Chloro-3-methyioctane 

3:9644 4-Chloro-4-methyfoctane 
3:9688 4-Chloro-7-methyloctene-2 
3:9684 5-Chloro-4-methymctene-3 

3 : 9688 5-Chloro-2-methyioctene^6 

3:9688 2-Chloro-2-methyloctyne-3 

3 : 9314 l-Chloro-3-methylpentadiene-l ,2 

3 : 9316 1 -Chloro-3-methyipentadiene-l ,3 

3 : 9318 2-Chloro-3-m6thylpentadiene-l .3 

3:7780 3-(Chloromethyl)peatane 

3:7563 l-Chloro-2-methylpentane 

3:7490 2-Chloro-2-methylpentane 

3 : 7666 3-Chloro-2-methylpentane 

3 : 7496 4-Chloro-2-methylpentane 

3 : 7696 5-Chloro-2-methylpentane 

3 : 9348 1 -Chloro-3-methy Ipentane 

3:9360 2-Chloro-3-methy Ipentane 

3:7685 3-Chloro-3-methy Ipentane 

3 : 7660 3-Chloro-2-methylpentene-l 

3:7600 4-Chloro-4-methylpentene-l 

3 : 7916 5-Chloro-2-methylpentene-2 

3 : 9338 4-Chloro-3-methy lpentene-2 

3:7600 2-Chloro-2-methylpentene-4 

3 : 9888 3-Chloro-3-methy Ipenty ne- 1 

3:9384 4-Chloro-4-methylpentyue-2 

3:8880 3-Chloro-2-methylphenol 

3:0780 4-Chloro-2-methylphenol 

3:1816 5-Chloro-2-methylphenol 

3:8616 6-Chloro-2-methylphenol 

3:1065 2-Chloro-3-methylphenol 

3 : 1636 4-Chlcro-3-methylphenol 

3:0700 b-Chloro-3-methylphenol 

3:6816 2-Chloro-4-methylphenol 

3 : 1085 3-Chloro-4-methylphenol 

3:0700 2-Chloro-5-methylphenol 

3:9670 Chloromethyl-phenyl-carbinol 

3:9448 Chloromethyl phenyl ether 

3:1818 Chloromethyl phenyl ketone 

3:7836 2-Chloro-2-methylpropanal-l 

3 : 9118 3-Chloro-2-methylpropanal-l 

3 : 7186 l-Chloro-2-methylpropane 

3 : 7046 2-Chloro-2-methy Ipropane 

3 : 9190 3-Chloro-2-methylpropanediol-l ,2 

3:7906 2-Chloro-2-methylpropanol-l 

3:9180 3-Chloro-2-methylpropanol-l 

3 : 7768 l-Chloro-2-methylpropanol-2 

3:7180 l-Chloro-2-methylpropene-l 

8 : 7146 3-Chloro-2-methylpropene- 1 

3:8340 3-Chloro-2-methylpropen-2-ol-l 

3:8886 Chloromethyl-n-propyl-carb&nol 

3:8817 Chloromethyl-n-propyl ketone 

3 : 8748 /S-Chloro-a-methylstryene 

3 : 0604 a-Chloro-iS-metby Istyrene 
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3:9606 /3-Chloro-i3-methylstyrene 

3 ; 8163 2-(Chloromethyl) tetrahydrofuran 

3:9660 Chloromethyl o-tolyl ketone 

3:1130 Chloromethyl p-tolyl ketone 

3 ; 3300 2, 4, 6-im- (Chloromethyl) tri- 

oxane>l,3,5 

3 : 8110 Chloromethyl- vinyl-carbinol 

3:3934 Chloromethyl j»-xenyl ketone 

3:0375 <o-Chloromyristyl alcohol 

3 : 6878 1-Chloronaphthalene 

3 : 1385 2-Chloronaphthalene 

3:4330 2-Chloronaphthoic acid-1 

3:4936 4-Chloronaphthoic acid-1 

3:4944 6-Chloronaphthoic acid-1 

3:4845 6-Chloronaphthoic acid-1 

3 : 4943 7-Chloronaphthoic acid-1 

3:4680 8-Chloronaphthoic acid-1 

3:4886 1-Chloronaphthoic acid-2 

3 : 4938 3-Chloronaphthoic acid-2 

3:4953 5-Chloronaphthoic acid-2 

3:4948 8-Chloronaphthoic acid-2 

3 : 1490 2-Chloronaphthol- 1 

3 : 1470 3-Chloronaphthol- 1 

3 : 3730 4-Chloronaphthol-l 

3 : 3960 5-Chloronaphthol- 1 

3 : 3615 6-Chloronaphthol-l 

3:3810 7-Chloronaphthol-l 

3 : 1610 8-Chloronaphthol-l 

3 : 1700 l-Chloronaphthol-2 

3 : 3545 3-Chloronaphthol-2 

3:3045 4-Chloronaphthol-2 

3:3945 5-Cvhloronaphthol-2 

3:3500 6-Chioronaphthol-2 

3:3935 7-Chloronaphthol-2 

3:3965 8-Chloronaphthol-2 

3:4704 3-Chloro-i3-naphthoquinone 

3 : 4704 3-Chloronaphthoquinone-l ,2 

3:4000 4-Chloronaphthoquinone-l,2 

3:3580 2-Chloronaphthoquinone-l,4 

3 : 4493 5-Cliloronaphthoquinone- 1 ,4 

3 : 3145 6-Chloronaphthoquinone-l ,4 

3:8719 1-Chlorononane 

3:8635 2-Chlocononaiie 

3:9638 3-Chlorononane 

3 : 9640 5-Chlorononane 

3 : 0170 9-Chlorononanol- 1 

3:0170 «-Chloro-n-nonyl alcohol 

3:9618 1-Chlorononyne-l 

3:0095 1-Chloro-octadecane 

3:0985 18-Chloro-octadecaiiol-l 

3:0985 u-Chloro-n-octadecyl alcohol 

3 : 9506 3-Chloro-octadiene-l ,3 

3:8585 1-Chloro-octane 

3 : 8378 2-Chloro-octano 

3:9538 4-Chloro-octane 

3:9590 8-ChloroK)ctanol-l 

3 : 8346 2-Chloro-octene-l 

3:9518 3-Chloro-octene-l 

3:8345 2-Chloro-octen6-2 

3 : 8185 4-Chloro-octene-2 

3 : 8330 4-Chloro-octene-4 

3:9590 <u-Chloro-n-OGtyl alcohol 

3:9510 I-Chloro-octyne-l 


3:9514 l-Chloro-octyne-2 

3:0535 <u-Chloropalmityl alcohol 
3 : 9890 1 -Chloropentadecane 

3 : 7360 3-Chloropentadiene-l ,3 

3 : 7460 l-Chloropentane 

3 : 7336 2-Chloropentane 

3 : 7330 3-Chloropentane 

3:9395 5-Chloropentanol-l 

3:8335 l-Chloropentanol-2 

3:8500 l-Cliloropentanol-3 

3:8317 l-Chloropontanone-2 

3 : 7893 3-Chloropentanone-2 

3:8343 4-Chloropentanone-2 

3 : 9367 5-Chloropentanone-2 

3:9368 l-Cliloropentanone-3 

3 : 7935 2-Cliloropen tanone-3 

3 : 7430 1-Chloropentene-l 

3 : 7380 2-Chloropentene-l 

3 : 7360 3-Chloropentenc-l 

3 : 7350 4-Chloropentene-l 

3 : 7410 5-Chloropentene- 1 

3 : 7470 l-Chloroperitene-2 

3 : 7385 2-Chloropontene-2 

3 : 7340 3-Chloropentene-2 

3 : 7400 4-Chloropentene-2 

3 : 7455 5-C^hloropentene-2 

3 : 7455 l-Chloropentene-3 

3 : 7400 2-Chloropontene-3 

3:3990 p-Chlorophcnacyl chloride 

3:8735 o-Chlorophenetole 

3:6333 m-Chlorophcnetole 

3:0090 y>-Chlorophenetole 

3 : 0165 w-Chlorophenetole 

3:5980 o-Chlorophenol 

3 : 0355 m-Clilorophenol 

3 : 0475 p-Chlorophenol 

3:4360 o-Chlorophonoxyacetic acid 

3:3335 m-Chlorophenoxyacotic acid 

3:4375 p-Chlorophenoxy acetic acid 

3:3640 2-Chlorophenylacetic acid 

3:1910 3-Chlorophenylacetic acid 

3:3135 4-Chlorophenylacetic acid 

3 : 1618 a-Chloro-o£-pheiiy 1-aceto- 

phenone 

3 : 3934 co-Chloro-p-phenylacetophenone 

3 : 9497 o-Chlorophenylacetylene 

3 : 9500 m-Chlorophenylacetylene 

3 : 0590 p-Chlorophenylacetylene 

3 : 9494 a-Chloro-/^i-phenylacetylene 

3:9494 w-Chlorophenylacetylene 

3:9859-A o-Chlorophenyl w-chlorophenyl 

ketone 

3:1565 o-Chlorophenyl p-chlorophenyl 

ketone 

3 : 3415 m-Chlorophenyl p-chlorophenyl 

ketone 

3 : 8735 o-Chlorophenyl ethyl ether 

3 : 6333 m-Chlorophenyl ethyl ether 

3 : 0090 p-Chlorophenyl ethyl ether 

3:0340 P-Chlorophenyl ethyl ketone 

3 : 6355 o-Chlorophenyl methyl ether 

3 : 6195 w-Chlorophenyl methyl ether 

3:6300 p-Chlorophenyl methyl ether 
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3:661ft 

8:681ft 

3:673ft 

3:17ft7 

3:8980 

3:1757 

3:1900 

3:071ft 

3:2160 

3:1914 

3:9880 

3:9610 

3:9604 

3:9606 

3:0010 

3:8742 

3:8737 

3:9608 

3:3956 

3:4102 

3:426ft 

3:4820 

3:4390 

3:3900 

3:272ft 

3:0440 

3:9266 

3:7080 

3:5576 

3:7040 

3:7025 

3:9038 

3:9039 

3:6840 

3:6125 

3:0460 

3:7917 

3:8285 

3:7747 

3:5425 

3:9031 

3:7030 

3:7020 

3:7035 

3:5635 

3:5820 

3:5635 

3:1685 

3:5160 

3:5576 

3:9490 

3:6125 

3:0460 

3:5320 

3:5600 

3:9664 

8:1115 

3:0840 

3:8180 

3:8810 

8:7917 


o-Chlorophenyl methyl ketone 
m>Chlorophenyl methyl ketone 
]>-ChlorQphenyl methyl ketone 
“ o>Chloro-o'>phenylphenol ” 
4-Chloro-2-phenylphenol 
6>Chloro-2-phenyIphenol 
2>Chloro<4-phenylphenol 

0- Chlorophenyl phenyl ketone 
m-Chlorophenyl phenyl ketone 
p-Chlorophenyl phenyl ketone 
3-Chloro-3-phenylphthalide 
2-Chloro-2-phenylpropane 

1- Chloro-l-phenylpropene-l 

2- Chloro-l-phenylpropene-l 

3- Chloro-l-phenylpropene-l 
l-Chloro-2-phenylpropene-l 

1- Chloro-3-phenylpropene-l 

2- Chloro-3-phenylpropene- 1 

0- Chlorophenylpropiolic acid 
m-Chlorophenylpropiolic acid 
p-Chlorophenylpropiolic acid 

3- Chlorophthalic acid 

4- Chlorophthallc acid 

3- Chlorophthalic anhydride 

4- Chlorophthalic anhydride 
Chloropivalic acid 
Chloropivalyl chloride 
Chloroprene 
3-Chloropropanal>l 

1- Chloropropane 

2- Cliloropropane 

3- Chioropropauediol-l ,2 

2- Chloropropanecliol-l ,3 

3- Chloropropanediol-l ,2 
diacetate 

2xChloropropanoic acid 
3-Chloropropanoic acid 

2- Chloropropanol-l 

3- Chloropropanol-l 
l-Chloropropanol-2 

1- Chloropropanone-2 

2- Chloropropen-2-al-l 

1- Chloropropene-l 

2- Chloropropene-l 

3- Chloropropene- 1 

2- Chloropropen-2-ol-l 

3- Chloropropen-2-o 1-1 
2-Chloropropen-l-o 1-3 
Chloropropiolio acid 
a-Chloropropionaldehyde 
/3-Chloropropionaldehyde 
/3-Chloropropionaldehyde 

diethylacetal 
a-Chloropropionic acid 
/S-Chloropropionic acid 
a-Chloropropionyl chloride ' 
jS-Chloropropionyl chloride 
a-Chloropropiophenone 
/8-Chloropropiophenone 

4- Chloropropiophenone 
jS-Chloro-w-propyl acetate 
7 -Chloro-wi-propyl acetate 
/§-Chloro-7»-propyl alcohol 


3:^85 7 -Chloro-n-propyl alcohol 

3 : 8777 ^-Chloro-n-propylbenaene 

3 : 6010 7 -Chloro-n-propyl 

chlorocarbonate 

3:6010 7 -Chloro-n-propyl chloroformate 

3:9038 7 -Chloropropylene glycol 

3 : 6775 7 -Chloropropylene glycol 

a-acetate 

3:6517 7 -Chloropropylene glycol 

/^-acetate 

3:6840 7 -Chloropropylene glycol 

diacetate 

3:5358 7 -Chloropropylene oxide 

3:8610 ^-(/S-Chloro-n-propyl) ether 

3:8745 i>w-( 7 -Chloro-n-propyl) ether 

3:9742 4-Chloro-4-n-propylheptane 

3:5630 a-Chloropropylidene (di)- 

chloride 

3:5660 j 8 -Chloropropylidene (di)- 

chloride 

3 : 7893 a-Chloro-n-propyl methyl ketone 

3:8243 /3-Chloro-n-propyl methyl ketone 

3:9267 7 -Chloro-n-propyl methyl ketone 

3:8820 7 -Chloro-n-propyl phenyl ether 

3 : 2650 2,4,6-/rM-(/8-Chloro-n-propyl) - 

trioxane-1,3,5 

3 : 7100 3-Chloropropyne-l 

3:0745 3-Chloropyrocatechol 

3 : 2470 4-Chloropyrocatechol 

3:1160 Chloroquinone 

3:2690 2-Chlororesorcinol 

3:3100 4-Chlorore8orcinol 

3 : 3530 5-Chlororesorcinol 

3:1010 3-Chlorosalicylaldehyde 

3 : 0960 4-Chloro8alicylaldehyde 

4 : 2800 5-Chlorosalicylaldehyde 

3:4745 3-Chlorosalicylic acid 

3:4908 4-Chlorosalicyllc acid 

3:4705 5-Chlorosalicylic acid 

3:4610 6 -Chlorosalicylic acid 

3:0985 a>-Chloiostearyl alcohol 

3:871ft a-Chlorostyrene 

3:8717 /3-Chloro8tyrene 

3:8717 oj-Chlorostyrene 

3:499ft Chloroterephthalic acid 

3:9874 1 -Chlorotetradecane 

3:0375 14-Chlorotetradecanol-l 

3:0375 w-Chloro-n-tetradecyl alcohol 

3 : 0945 l-Chloro-2,2,3,3-tetramethyl- 

butane 

8 : 1293 2 >Chlorothymol 

3 : 8535 a-Chlorotoluene 

3:8535 w-Chlorotoluene 

3 : 8245 o-Chlorotoluene 

8:827ft m-Chlorotoluene 

3 : 8287 p-Chlorotoluene 

3 : 264d o-Chloro-oc-toluie acid 

3:1910 m-Chloro-a-tolnic acid 

8:3135 p-Chloro-a-toluic acid 

3:9859 1 -Chlorotridecane 

3:485ft 5-Chlorotrimellitic acid 

3:4975 Chlorotiimesic acid 

3:872ft 2-Chloro-L3,d-trimethylb«uene 
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S:4«20 

3:7752 

3:9339 

3:6648 

3:9744 

3:9654 

3:8113 

3:3560 

3:3566 

3:3410 

3:8803 

3:8788 

3:0270 

3:9270 

8:0075 

3:5860 

3:9260 

3:9264 

3:7070 

3:8715 

3:8717 

3:0360 

3:8940 

3:1912 

8:8710 

3:8645 

3:8675 

3:8700 

3:8590 

3:8665 

3:8640 

3:8660 

3:8600 

3:2115 

3:2218 

3:1754 

3:2705 

3:0158 

3:2180 

3:8784 

3:2460 

3:3505 

3:0844 

3:1822 

3:0330 

3:0010 

3:9102 

3:5910 

3:1375 

3:7693 

3:7205 

3:7685 

3:8795 

3:8580 

3:9874 

3:0175 

3:8040 

3:5770 

3:5770 

3:7545 
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3<?faloro-2,2,d*trimethylbutane 
Chloro-trimethylcarbinol 
/3-Chlorotrimethylene glycol 
^-Chlorotrimethylene glycol 
acetate 

4-Chloro-2,4,6*trixnethylheptaiie 

3- Chloro-2,2,3-trimethylhexane 

4- Chloro-2,2,4*trimethylpentane 
1-Chloro-l ,2|2-triphenyiethyl- 

ene 

“ Chlorotriphenylethylene ** 
a-Chlorotriphexiylmethane 

1- Chloroundecane 
a-Chloro-7k-vaIeric acid 
iS-Chloro-n-valeric acid 

7 - Chloro-n-valeric acid 
^Chloro-n>valeric acid 
a-Chloro-Ti-valeryl chloride 
jS-Chloro-n-valeryl chloride 

5- Chloro-n-valeryl chloride 
l>Ohloro>2-vinylacetylene 
a-Chlorovinylbenzene 
jS-Chlorovinylbenzene 

2- Chlor(y-xenene 
3"Chloro-xenene 

4- Chloro-xenene 
<o-Chloro-o-xylene 
t>ic.-Chloro^xylene 
un«ym.-Chloro-o-xylene 
ci>-Chloro-m-xyl©ne 
nc.-Chloro-m-xylene 
wrwyw.-Chloro-w-xylene 
« 2 /m.-Chlopo-m-xylene 
«-Chlopo-i>-xylene 
csc-Chloro-p-xylene 

6- Chloro-o-3-xylenol 
6-Chloro-o-3-xylenol 

5- Chloro-o-4-xylenol 

8- Chloro-o-4-xylenol 
8-Chloro-o-4-xylenol 

5- Chloro-m^2-xylenol 

6- Chloro-in-4-xylenol 
6-Chloro-m-4-xylenol 
2-Chloro-m-5-xylenol 
6-Chloro^-6-xylenol 
5-Chloro-2>-2-xylenol 
Cinnamoyl chloride 
Cinnamyl chloride 
Crotojialdehyde dicbloride 
Crotonchloral 
Crotonic acid dichloride 
a-Crotonyl chloride 
Crotonyl chloride 
Crotylidene (di) chloride 
Cuminyl chloride 
Cyclohexanecarboxylic add 

chloride 

cis-Cyclohexene chlorohydrin 
tmnc-Cyclohexene chlorphydrin 
Cyclohexyl chloride 
Cydohexyl chlorocarbonate 
Cydohexyl chloroformate 
Cydopentyl chloride 


D 

3:3320 “ DDD ” 

3:1890 “o,p'-DDD” 

3:3320 “p,?/-DDD'* 

3:3298 “ DDT 

3:9865 “ o,o'-DDT ” 

3:1820 “o,p'-DDT*» 

3:9867 “ m,p'.DDT ” 

3:3298 “ p,p'-DDT ’* 

3 : 1676 Decachlorodiethyl ether 

3:9720 Decamethylene (di) chloride 

3:8800 n-Decanoyl chloride 

3:8785 n-Decyl chloride 

3 : 1618 Desyl chloride 

3 : 8085 Diallylcarbinyl chloride 

3:9640 pi-Ti-butylcarbinyl chloride 

3 r9732 Di-Ti^butyl-methyl-carbinyl 

chloride 

3 : 6110 * ‘ Dichloroacetal ’ ’ 

3:5180 Dichloroacetaldohyde 

3 : 6110 Dichloroacetaldohyde diethyl- 

acetal 

3:5310 Dichloroacetaldohyde ethyl- 

alcoholate 

3:5310 Dichloroacetaldohyde ethyl- 

henuacetal 

3:1085 Dichloroacetaldohyde hydrate 

3:6208 Dichloroacetio acid 

3 : 6430 Dichloroacetio acid anhydride 

3:5430 a,a-Dichloroacetone 

3:0563 a.a^-Dichloroacetone 

3 : 0563 «j/m.-Dichloroacetone 

3:5430 unsym .-Dichloroace ton e 

3:6835 ci;,a)-Dichloroacetophenone 

3:5290 Dichloroacetyl chloride 

3:5010 Dichloroacetylene 

3:2265 a,/8-Dichloroacrylic acid 

3:1875 /Ci,/3-Dichloroacrylic acid 

3 : 4916 9, 1 0-Dichloroanthracene 

3 : 4916 mcso-Dichloroanthracene 

3:9399 2,4-Dichlorobenzal (di) chloride 

3:0490 2,5-Dichlorobenzal (di) chloride 

3:9398 2,(>-Dichlorobenzal (di) chloride 

3:6876 3,4-Dichlorobenzal (di) chloride 

3:0370 3,5-Dichlorobenzal (di) chloride 

8 : 1480 2,3-Dichlorobenzaldehyde 

3:1800 2,4-Dichlorobenzaldehyde 

3:1145 2,5-Dichlorobenzaldehyde 

3 : 1690 2,6-Dichlorobenzaldehyde 

3 : 0550 3 ^-Dichlorobenzaldehyde 

3:1475 3,5>Dichlorobenzaldehyde 

3:6055 o-Dichlorobenzene 

3:5960 Tn-Dichlorobenzene 

3:0980 p-Dichlorobenzene * 

3 : 4965 4, 6-Dichlorobenzenedicarboxylio 

^ acid-1,3 

3:4985 2,5-Dichloroben2enedicarboxylio 

acid -1,4 

3:4650 2,3-Dichlorobenzoic acid 

3:4560 2,4rDichlorobenzoic acid 

3:4340 2,5-Dichlorobenzoic acid 

3:4200 2,6-Dichlorobenzoic add 

3:4925 3,4-Dichlorobe]i2oio add 
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3:4840 

3,5-Dichlorobenzoic add 

3:1903 

3:0717 

2,2'-Dichlorobenzophenone 


3:9830-A 

2,3'-Dichlorobenzophenone 

3:1375 

3:0825 

2,4-Dichlorobenzophenone 


3:1505 

2,4'-Dichlorobenzophenone 

3:2192 

3:2340 

2,5-Dichlorobenzophenone 

3:3525 

3:2285 

2, 6-Dichlorobenzophenone 

3:9218 

3:3860 

3,3'-Dichlorobenzophenone 


3:3070 

3,4-DichlorobenzophenoDe 

3:2675 

3:3415 

3,4'-Dichlorobenzophenone 


3:1505 

3,5-Dichlorobenzophenone 

3:9066 

3:4270 

4,4'-Dichlorobenzophenone 


3:2855 

o-Dichlorobenzoquinone 

3:1890 

3:3750 

m-Dichlorobenzoquinone 


3:4470 

p-Dichlorobenzoquinone 

3:1925 

3:2855 

2,3-Dichlorobenzoquinone-l ,4 


3:4470 

2,5-Dichlorobenzoqiiinone-l ,4 

3:9863 

3:3750 

2,6-Dichlorobenzoquinone-l ,4 


3:0410 

2,6-Dichlorobenzyl chloride 

3:3320 

3:6795 

3,4-Dichiorobenzyl chloride 


3:0350 

3,5-Dichlorobenzyl chloride 

3:2438 

3:9040 

Dichlorobiacetylene 


3:2570 

d, l-a,a'-Dichlorobibenzyl 

3:2910 

3:4854 

meso-a, a'-Dichlorobibenzyl 

3:1020 

3:1325 

2, 2'-Dichlorobiphenyl 

3:1205 

3:9850 

2,3-Dichlorobiphenyl 

3:0150 

3:0670 

2 , 4'-Dichlorobiphenyl 

3:1745 

3:9854 

2, 5-Dichlorobiphenyl 

3:0400 

3:0180 

3 , 3 '-Dichlorobiphenyl 

3:9720 

3:0685 

3,4-Dichlorobiphenyl 

3:7595 

3:0360 

3, 5-Dichlorobiphenyl 

4, 4'-Dichlorobipheny 1 

3:5640 

3:4300 

3:9150 

3:9057 

1 ,2-Dichlorobutadiene-l ,3 

3:6025 

3:5220 

2, 3-Dichlorobutadiene-l ,3 

3:9724 

3:9040 

1 ,4-Dichlorobutadiyne-l ,3 

3:4970 

3:9102 

2,3-Dichlorobutanal-l 


3:7550 

1 , 1-Dichlorobutane 

3:8605 

3:7680 

1 , 2-Dichlorobutane 

3:4325 

3:7925 

1 , 3'Dichlorobut ane 

3:8132 

3:5835 

1 ,4-Dichlorobutane 

3:4520 

3:7415 

2, 2-Dichlorobutane 

3:8132 

3:7615 

d,i-2,3-Dichlorobutane 

3:5245 

3:7580 

me8e-2,3-Dichlorobutane 

3:0455 

3:9145 

1 ,3-Dichlorobutanol-2 


3:5900 

1 ,3-Dichlorobutanone-2 

3:1550 

3:7650 

1 ,3-Dichlorobutene-l 

3:8315 

3:9074 

2,3-Dichlorobutone-l 

3:9504 

3:5350 

3,4-Dichlorobutene-l 


3:7685 

1 , l-Dichlorobutene-2 

3:0840 

3:5360 

l,2-Dichlorobutene-2 (low-boilg. 

3:8516 


isomer) 

3:9428 

3:5615 

l,2-Dichlorobutene-2 (high-boilg 


isomer) 

3:7010 

3:5550 

1 ,3-Dichlorobutene-2 

3:5725 

1 ,4-Dichlorobutene-2 


3:5500 

cw-2,3-Dichlorobutene-2 

3:9430 

3:7395 

tran9-2,3-Dichlorobutene-2 


3:5550 

2,4-Dichlorobutene-2 

3:8510 

3:5350 

1 ,2-Dichiorobutene-3 


3:5077 

S 2 /m.-Diohloro-ter-butyl alcohol 

8:9105 

3:5772 

wn«j/w.-Dichloro-ier-butyl 

8:2443 


alcohol 

8:2210 

3:9102 

a,j8-Diehloro-n-butyraldehyde 

8:0035 


a,/3-Dichloro-n-butyric add 
(h.>m. isomer) 
a,/8-Dichloro-»»-butyric add 
isomer) 

3.5- Dichlorocatechol 

4.5- Dichlorocatechol 

1 .3- Dichloro-2-(chloromethyl)- 
butane 

1 .3- Dichloro-2,2-&t8-(ohloro* 
methyl) propane 

1 .3- Dichloro-2-(chloromethyl)- 
propene-1 

1 , l-Dichloro>2>(oH)hlorophenyl)> 
2>(p-chloroph6nyl)ethane 
1 , l-Dichloro-2>(o-chlorophenyl)> 
2-(^hlorophenyl)ethylene 
1 , l-Dlchloro-2-(in-cUorophenyl) * 
2-(p-chlorophenyl)ethylen6 
1 , l-Dichloro-2,24>i8-(p-chloro» 
phenyl) ethane 

1 , l-Dichloro-2,2-6M-(i>-chloro- 
phenyl)ethylene 

4.5- Dichloro-o-cresol 

4.6- Dichloro-o-cresol 
2 ,4<Dichloro^n-cre8ol 

2.6- Dichloro-m-cre8ol 

4.6- Dichloro-m^re8ol 

2.6- Dichloro-i)-cre8ol 
1 , 10-Dichlorodecane 
tt,a^>Dichlorodiethy] ether 
a,/3»Dichlorodiethyl ether 
a,j8'-Dichloro<liethyl ether 
/3,/8'-Dichlorodiethyl ether 

3.4- Dichloro-3,4>diethylhexane 
2,&>Dichloro-3,&-dihydroxy- 

benzoquinono-l ,4 
^,/3'-Dichloro-di-i8opropyl ether 
3,3>Dichloro-2,2-dimethylbiltane 

4.4- Dichloro*2,2Kiimethylbutane 
2,3'*Dichloro-2,3-dimethylbutan6 

1 , l’-Dichloro-3,3-dimethylbutane 
a 2 /m.-Diohlorodimethyl ether 

2.6- DiGhloro>2,6-dimetl^l* 
heptane 

2.6- Dichloro-2,5-dimethylhexaDe 
3,4>Dichloro>3,4rdimethylhexane 

2.6- DIchloro*2,£Miimethyl- 
hexyne-3 

2.7- Dichloro*2,7-dimethylootane 

4. 6- Dichloro-2, 2-dimethyl- 
pentane 

2.4- Diohloro-2,4-di2nothyl- 
pentane 

3.3- Dichloro-2,4-dimethyi- 
pentane 

1.3- Dichloro-3, 3-dimethyl- 
pentane 

1 .2- Dichloro-4, 4-dimethyl- 
pentane 

2.3- Dichlorodioxane-l,4 

5.6- I>iehloro-2,3-dimethylph«nol 
2»5-Diohloro-S,4-dimethylplienol 

2, d-Diohloro-3,4-dimethylplienol 
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8:3Mff 5,6*Dichloro>3,4-dimethylphenol 

3: 2188 2,4-Dioliloro<3,5>dimethylphenol 

3 : 3838 2,6>Dichloro-3,5>dimethylphenol 

3:3570 d,^l,2-Dichloro-l, 2-diphenyl- 

ethane 

3:4854 me 8 o-l, 2 -Dichloro-l, 2 -diphenyl- 

ethane 

3 : 1940 1 , l-Dichloro-2,2-diphenylethane 

3:1380 ci8-l,2-Dichloro-l,2-diphenyl- 

ethylene 

3 : 4310 <ran«-l , 2 -Dichloro-l, 2 -diphenyl- 

ethylene 

3 : 1038 1, l-Dichloro-2, 2 -diphenyl- 

ethylene 

3:1057 4,4^-Dichlorodiphenylmethane 

3:6060 a,a-Dichlorodiphenylmethane 

3:8610 /8,/9 '-Dichloro-di-n-propyl ether 

3:8745 7 , 7 -Dichloro-di-n-propyl ether 

3 : 6060 <x.a-Dichloroditan 

3:5035 1 , 1 -Dichloroethane 

3 : 5130 1 , 2 -Dichloroethane 

3:5130 dym.-Dichloroethane 

3:5035 tirMym.-Dichloroethane 

3:5745 2 , 2 -Dichloroethanol-l 

3 : 5540 a,/ 8 -Dichloro-a-«thoxyethylene 

3:5745 / 8 ,^-Dichloroethyl alcohol 

3:6685 a,/3-Dichloroethylbenzene 

3:6790 Di(/S-chloroethyl) carbonate 

3:6790 /3,/3-Dichloroethyl carbonate 

3 : 5005 1 , 1 -Dichloroethylene 

3:5030 l»2-Dichloroethylene (ordinary 

jnixt.) 

3:5005 U 7 i«l/m.-Dichloroethylene 

8:5043 ci8-l,2-Dichlorethylene 

3 : 5038 tram'-l ,2-Dichloroethylene 

3 : 5640 <x,/9-Dichloroethyl ethyl ether 

3 : 9534 1 ,3-Dichloro-2-ethylhexane 

3:0573 Di-(/3-chloroethyl) oxalate 

8 : 5010 1 ,2-Dichloroethyne 

3 : 8650 1 , 1 -Dichloroheptane 

8:9430 1,2-Dichloroheptane 

3:9433 1,7-Dichloroheptane 

3:9434 2,2-Dichloroheptane 

3:9436 4,4-Dichloroheptane 

3 : 9310 1 ,3-Dichlorohexadiene-2t4 

8 : 8880 1 ,2-Dichlorohexane 

8 : 9340 1 ,5-Dichlorohexane 

8 : 8730 1 , 6 -Dichlorohexane 

8:9843 2,2-Dichlorohexane 

8 : 8800 2,3-Dichlorohexane 

8:8535 2.5-Dichlorohezane 

3:9844 3,4-Dichlorohexane 

8 : 0800 3.4-Dichlorohexatetraene-l ,2,4^5 

3:9804 , 3,6-Dichlorohexatrien6-l,3,4 

8 : 9380 1 ,2-Diohlorohexene-l 

3:5985 " a-Dichlorohydrin ” 

8:6060 “ / 8 -Dichlorohydrin ” 

8:4330 2,3-Dichlorohydroqiiinone 

8:4600 2,5-Dichlorohydroquinon6 

3:4600 2,6-Dichlorohydroquinone 

8 : 4330 o-Dichlorohy droquinone 

3:4600 m-Dichlorohydroquinone 

8:4600 p-Dichlorohydroquinone 


8:3637 3,5-Dichloro-2-hydroxy- 

benzaldehyde 

3:4140 2,4-Dichloro-3-hydroxy- 

benzaldehyde 

8:4160 2,6-Dichloro-3-hydroxy- 

benzaldehyde 

3:3953 4,6-Dichloro-3-hydroxy- 

benzaldehyde 

8:4400 3,5-Dichloro-4-hydroxy- 

benzaldehyde 

8:4935 3,5-Dichloro-2-hydroxybenzoic 

acid 

8:4950 3,5-Dichloro-4-hydroxybenzoic 

acid 

3:3145 jS.jS-Dichloro-a-hydroxyiso- 

butyric acid 

3:3565 jS^/S'-Dichloro-a-hydroxyiso- 

butyric acid 

3:5300 a,a-Dichloroisobutylene 

3:5590 a, 7 -Dichloroisobutylene 

3:5633 7 , 7 '-Dichloroisobutylene 

3:4965 4,^Dichloroisophthalic acid 

3:6318 '-Dichloroisopropyl acetate 

3:5755 /3,j8-Dicliloroisopropyl alcohol 

3:5985 /S.jS -Dichloroisopropyl alcohol 

3 : 9394 /9,/3 '-Dichloroisopropyl-ethyl- 

formal 

3:3634 Dicliloromaleic acid 

8:3635 Dichloromaleic anhydride 

8:6197 Dichloromaleyl (di) chloride 

3:5030 Dichloromethane 

3 : 7930 1 , 2-Dichloro-2-methylbutane 

3 : 9338 1 , 3-Dichloro-2-methylbutane 

3 : 8360 1 ,4-Dicliloro-2-methy Ibutane 

3 : 7975 2, 3-Dichloro-2-methylbutane 

3:8105 2,4-Dichloro-2-methylbutane 

3 ; 9330 3 , 3-Dicliloro-2-methylbutane 

8:8075 3,4-Dichloro-2-methylbutane 

8 : 7885 4 ,4- Dichloro-2-methylbutane 

3 : 7690 3,3-Dichloro-2-methylbutene-l 

3 : 8170 1 ,3-Dichloro-2-methylbutene-2 

3 : 9304 1 ,4-Dichloro-2-methylbutene-2 

3:5315 Dichloromethyl chlorocarbonate 

3:5315 Dichloromethyl chloroformate 

3:5773 Dichloromethyl-dimethyl- 

carbinol 

8 : 5755 Dichloromethyl-methyl-carbinol 

8:5430 Dichloromethyl methyl ketone 

8 : 9346 2,3-Dichloro-2-methylpentane 

8:8550 2,5-Dichloro-2-methylpentane 

8 : 3910 4,6-Dichloro-2-methylphenol 

8 : 1030 4, 6-Dichloro-2-methylphenol 

8:1305 2,4-Dichloro-3-methylpbenol 

8:0150 2,6-Dichloro-3-methylphenol 

8:1745 4,6-Dichloro-3-methylphenol 

8:0400 2,6-Dichloro-4-methylphenol 

8 : 7435 1 , l-Dichloro-2-methylpropane 

8 : 7430 1 i2-Dichloro-2-methylpropane 

8 : 7960 1 1 3-Dichloro-2-methylpropane 

8:5773 1 , l-Dichloro-2-methylpropanol-2 

8 : 5977 1 ,3-Diohloro-2-methylpropanol-2 

3 : 5300 1 , l-Dichloro-2-methylpropene-l 

3:5590 lf3-Dichloro-2-methylpropene-l 
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3:7480 3,3>Dichloro-2-methylpropeiie-l 

3 : 7480 1 , l-Dichloro-2-methylpropene-2 

3 : 0330 1 ,2-Dichloroiiaphthalene 

3 : 1310 1 ,3-Dichloronaphthaleno 

3 : 1055 1,4-Dichlorouaphthalene 

3 : 3300 1 ,5-Dichloronaphthalene 

3 : 0810 1 ,6-Dichloronaphtlialene 

3 : 1385 1 ,7-Dichloronaphthalene 

3 : 3435 1 ,8>Dichloronaphtlialene 

3:3665 2,3-Dichloronaphthalene 

3:0810 2,5-Dichloronaphthalene 

3 : 4040 2,6 -Dichloronaphthalene 

3 : 3445 2, 7>‘Dichloronaphthalene 

3 : 1385 2,8>Dichloronaphthalene 

3:3935 2,3>Dichloronaphthol>l 

3:3350 2,4-Dichloronaphthol-l 

3:3985 5,7-Dichloronaphthol-l 

3:3430 5,8-Dicliloronaphthol-l 

3 : 4315 6,7-Dichloronaphthol-l 

3 : 3635 7,8-Dichloronaphthol-l 

3 : 1990 1 ,3-Dichloronaphthol-2 

3 : 3840 1 ,4-Dichloronaphthol-2 

3 : 3600 1 , 6-Dichloronaphthol' 2 

3 : 3395 3,4-Dichloronaphthol-2 

3 : 4430 4, 8-Dich.loronaphthol-2 

3 : 4155 6,8-Dichloronaphthol-2 

3 : 4857 2,3-Dichloronaphthoquinone-l,4 

3 : 4775 3,4-Dichloronaphthoqumoiie-l,2 

3 : 9633 1 ,2-Dichlorononane 

3 : 8880 1 , 9-DiGlilorononane 

3 : 9530 1 , 6-Dichloro-octaiie 

3 : 9533 1 , 7-Dichloro-octan0 

3 : 8805 1 , 8>Dicliloro*octane 

3 : 8670 2,2>Dichloro-octane 

3 : 8015 1 , l-Dichloropentane 

3 : 8140 1 ,2-Dichloropen tane 

3:9330 1,3-Dichloropentaiie 

3 : 9334 1 ,4-Dicliloropontane 

3 : 8575 1 ,5-Dichloropent ane 

3 : 7755 2,2-Dichloropeiitano 

3 : 8010 2,3*Dichloropeiitane 

3 : 8130 2,4-Dichloropentane 

3 : 7895 3 ,3*Dichloropentane 

3:8045 3,4-Dichloropentene-2 

3 : 9303 2,5-Dichloropenteiie-2 

3:1175 2,3-Dichlorophenol 

3 : 0560 2,4-Dichlorophenol 

3:1190 2,5>Dichlorophenol 

3:1595 2,6-Dichlorophenol 

3 : 1460 3,4-Dichlorophenol 

3:1670 3,5>Dichlorophenol 

3:4095 2,4rDichlorophenoxyacetic acid 

3:4613 I)i-(p-chlorophenyl) acetic acid 

3 : 6685 1 ,2-Dichloro-l>phenylethane 

3:0995 l,l-Di-( 2 >-chlorophenyl)ethane 

3 : 3475 1, l-Di-(jM5hlorophenyl)etliyleae 

3:0717 Di-(o-chlorophenyl) ketone 

3:3860 Di-(m-clilorophenyl) ketone 

3:4370 Di-(p~chlorophenyl) ketone 

3 : 1057 Di-(p-chlorophenyl)methane 

3 : 0835 2 ,4>Dichlorophenyl phenyl ketone 

3 : 3340 2,5-Dichlorophenyl phenyl 

ketone 


3:3385 

3:3070 

3:1505 

3:4880 

3:4580 

3:4870 

3:4890 

3:3695 

3:3375 

3:4860 

3:4830 

3:3395 

3:9033>A 

3:9034 

3:7330 

3:5300 

3:5450 

3:7140 

3:6060 

3:5755 

3:5985 

3:5430 

3:0563 

3:5130 

3:5150 

3:5110 

3:5380 

3:5190 

3:5140 

3:5140 

3:9033-A 

3:9034 

3:6163. 

3:0855 

3:1058 

3:5373 

3:9033 

3:9032-A 

3:6330 

3:6895 

3:6895 

3:5380 

3:3193 

3:3535 

3:4330 

3:3380 

3:3637 

3:4935 

8:1380 

3:4310 

3:4711 

3:4930 

8:4711 

3:0395 

3:9087 


2,6-Dichlorophenyl phenyl 
ketone 

3,4>Dichlorophenyl phenyl 
ketone 

3,5-Diohlorophenyl phenyl 
ketone 

3.4- Dichlorophthalio acid 

3.5- Dichlorophthalic acid 

3.6- Dichlorophthalic acid 
4,5-Dichlorophthalic acid 

3.4- Dichlorophthalic anhydride 

3.5- Dichlorophthalic anhydride 

3.6- Dichlorophthalic anhydride 

4.5- Dichlorophthalic anhydride 
3 ,3-DichlorophthaUde 

2.2- Dichloropropanal-l 

2.3- Dichloropropanal-l 

1 . 1- Dichloropropane 

1 .2- Dichloropropane 

1 .3- Dichloropropane 

2.2- Dichloropropane 

2.3- Dichloropropanol-l 
1 ,l-Dichloropropanol-2 

1 .3- Dichloropropanol' 2 

1 , l-Dichloropropanone-2 

1 .3- Dichloropropanone-2 

1 . 1- Dichloropropene-l 

1.2- Dichioropropene-l (h.-b. 
isomer) 

1.2- Dichloropropene-l (l.-b. 
isomer) 

1 .3- Dichloropropene-l 

2.3- Dichloropropene-l 

3.3- Dichloropropene-l 
1 , l-Dichloropropene-2 
a,a-Dichloropropionaldehyde 
a,/3-Dichloropropionaldehyde 
a,a-Dichloropropionic acid 
a,/3-Dichloropropionic acid 
/S,j8-Dicliloropropionic acid 
a,a-Dichloropropionyl chloride 
a,j0-Dicliloropropionyl chloride 
/3,^-Dichloropropionyl chloride 
/3,7-Dichloro-n-propyl acetate 
Di-( 7 -chloropropyl) carbonate 
7 , 7 '-Dichloropropyl carbonate 
a, 7 -Dichloropropylene 
3,^Dichloropyrocatechol 

4.5- Dichloropyrocatechol 

2.3- Dichloroquinol 

4.6- Dichlorore8orcinol 

3.6- Dichlorosalicylaldebyde 
3,5-Dichlorosalicylic acid 
ci8^,oe '-Dichlorostilbene 
lrans-a,ce'-Dichlorostilbene 
d,^<K,a('-Dichlorosuccinic add 
meso-cK, a'-Dichlorosuccinio 

acid 

oUo-Dichlorosuccinic acid 
d,l-a,o('-Dichloro8Uccinyl (di)- 
ohloride 

meso-a, at^-Dichlorosuooinyl (di)* 
chloride 
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8:4^85 2,5~Dichloroterephthalio add 
8:6387 a.a-Dichlorotoluene 

8:6387 coiOnDichlorotoluene 

3:6845 2,3*Dichlorotoluene 

8 : 6860 2,4«DiGhlorotoluen6 

3:6845 2,5-Dichlorotoluene 

3:6870 2,6-Diohlorotoluene 

3:6855 3,4>Dichlorotoluene 

3:6310 3,6-Diohlorotoluene 

3 : 6536 3 ,3-Dichloro-2,2,<t‘trimethyl> 

pentane 

3:5540 a,/3-Dichlorovmyl ethyl ether 

3:1040 <o,<u'-Dichloro-o-xylene 

3:0310 (o,(o'>Dichlorom-xyleno 

3 : 8885 co.w'-Dichloro-i^xylene 

8:8448 4,6-Dichloro-o-3-xylenol 

3 : 0635 3,5‘-Dichloro>o-4*'Xylenol 

3:8816 3,6-Dichloro>o-4-xylenol 

3 : 3005 5,6-Dichloro>o-4-xylenol 

3 : 8188 2,4*‘Dichloro^-5«xylenol 

3:8638 2,6>Dichloroom-5-xylenol 

3 : 7660 Diethylacetyl chloride 

3 : 7330 Diethylcarbinyl chloride 

3:6864 Diethyl chlorofumarate 

3:6667 Diethyl chloromaleate 

3:0578 Diethyl d.^-a.a'-dichloro- 

succinate 

3:6578 Diethyl a2/o>dichlorosuccinate 

8 : 1364 Diethyl meso-a ,a'-dichloro- 

succinate 

3 : 6360 Diethyleno glycol mono(chloro- 

acetate) 

3:6185 Diethylene glycol chlorohydrin 

3:6578 Diethyl isodichlorosuccinate 

8 ; 8810 Diethyl-isopropyl-carbinyl 

chloride 

3 : 7585 Diethyl>methyl>carbinyl 

chloride 

3:8883 Diethyl-n-propyl-carbinyl 

chloride 

3:6068 Diglycoloyl dichloride 

3:6030 /5,i8'-Dihydroxyisopropyl chloride 
3 ; 8113 Di-isobutylene hydrochloride 

3:6744 Di-isobutyl-methyl-carbinyl 

chloride 

3 : 6587 Di-isocrotyl hydrochloride 

3:1550 Di-isocrotyl &is-hydrochloride 

3:6840 cw-a, /9-Dimethyl-acryloyl 

chloride 

3 : 7300 a,/3-DimethylaIlyl chloride 

3 : 7400 a, 7 -Dimetl]^lallyl chloride 

8:7485 / 3 , 7 -Dimethylallyl chloride 

3:7465 7 , 7 -Dixnethylallyl chloride 

3:7600 a^ot-Dimethyl-n-butso’yl chloride 

3:7665 a,/9-Dixnethyl-n-butyryl chloride 

3 : 7880 ^,/^Dimethyl-n-butyryl chloride 

3 : 6588 Dimethyl chlorofumarate 

3:6851 Dimethyl chloromaleate 

8 : 0485 Dimethyl d,^,a'-diGhloro- 

succinate 

3:0485 Dimethyl ollo-dichlorosuccinate 

3 : 0840 Dimethyl meso-a,a'-dichloro- 

succinate 


3:7600 Dimethyl-ethyl-acetyl chloride 

8:7880 Dimethjd-ethyl-carbinyl chloride 

8:6887 Dimethyl-ethyl-carbinyl hypo- 

chlorite 

8 : 7758 oc.a-Dimethylethylene os-chloro- 

hydrin 

8:7750 Dimethyl-isobutyl-carbinyl 

chloride 

8 : 0485 Dimethyl isodichlorosu ccinate 

3:8145 Dimethyl-isopropyl-acetyl 

chloride 

3 : 7606 Dimethyl-isopropyl-carbinyl 

chloride 

3:1355 2,4-Dimethylphenacyl chloride 
3:0845 2,6-Dimethylphenacyl chloride 
3:1775 3,4-Dimethylphenacyl chloride 
3:9610 Dimethyl-phonyl-carbinyl 

chloride 

3:7450 a,a-Dimethylpropionyl chloride 

3:9456 Dimethyl-w-propyl-acetyl 

chloride 

3 : 7490 Dimethyl-n-propyl-carbinyl 

chloride 

3:9456 a,a-Dimethyl-n-valeryl chloride 
3:9458 a.d-Dimethyl-n-valeryl chloride 
3:9460 7 , 7 -Dimethyl-n-valeryl chloride 
3 : 7180 /3,/S-Dimethylvinyl chloride 

3 : 9408 Dimethyl- vinylothynyl-carbinyl 
chloride 

3:0060 Diphenylcarbinyl chloride 

3:3585 Diphenylchloroacetic acid , 

3:0885 Diphenyl-chloro-acetyl chloride 

3 : 0060 Diphenyl-chloromethane 

3 : 9870 1 , 1-Dipheny lethyl chloride 

3:9871 2,2-Diphenylethyl chloride 

3:0060 Diphenylmethyl chloride 

3:5515 “ Diphosgene ” 

3:8095 Di-n-propyl-carbinyl chloride 

3:1915 Di-(trichloromethyl) carbonate 

3:6373 Di-(trichlorovinyl) ether 

3:9310 Divinylacetylene dihydrochloride 

3:9858 n-Dodecanoyl chloride 

3:8810 n-Dodecyl chloride 

B 

3:9950 Elaidyl chloride 

3:8580 Enanthoyl chloride 

8 ; 5358 ‘ ‘ Epichlorohydrin 

8:9088 Erythreue tetrachloride (liquid 

isomer) 

3:1760 Erythrene tetrachloride (solid 

isomer) 

3:7065 Ethanoyl chloride 

8:5685 Ethoxalyl chloride 

3:7745 Ethoxyacetyl chloride 

8:7305 a-Ethoxyethyl chloride 

3:7463 ^-Ethoxyethyl chloride 

8:6880 ^-Ethoxyethyl chlorocarbonate 

3:9880 ^-Ethoxyethyl chloroformate 

8:7860 oe-Ethylallyl chloride 

3:9814 ^“Ethylallyl chloride 

8:7470 7 -Ethylallyl chloride 
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3:8060 

Ethyl-n-butyl-carbinyl chloride 

3:9462 

3:7720 

2-Ethylbutyl chloride 

3:7693 

3:7990 

a-Ethyl-n-butyryl chloride 

3:7660 

3:7015 

Ethyl chloride 

3:7675 

3:6700 

Ethyl chloroacetate 

3:9462 

3:6207 

Ethyl a-chloroacetoacetate 


3:6376 

Ethyl 7 -chloroacetoacetate 

3:7125 

3:9242 

Etl^l a-chloroacrylate 

3:8175 

3:6800 

Ethyl o-chlorobenzoate 


3:6770 

Ethyl m-chlorobenzoate 

3:8010 

3:6750 

Ethyl p-chlorobenzoate 


3:8307 

Ethyl a-chloro-n-butyrate 

3:7950 

3:8373 

Ethyl /3-chloro-n-butyrate 


3:8597 

Ethyl 7 -chloro-n-butyrato 

3:8235 

3:7295 

“ Ethyl chlorocarbonate 

3:7670 

3:8523 

Ethyl a-chlorocrotonate 

3:5950 

3:8538 

Ethyl /3-chlorocrotonate 

3:6380 

3:8657 

Ethyl 7 -chlorocrotonate 
“ Ethyl chloroform ” 

3:5955 

3:5270 

3:8235 

3:7295 

Ethyl chloroformate 


3:9246 

Ethyl (chloroformyl) acetate 


3:8147 

Ethyl a-chloro-isobutyrate 

3:9394 

3:9368 

Ethyl a-chloroisocrotonate 


3:8325 

Ethyl /S-chloroisocrotonate 

3:5875 

3:8528 

Ethyl a-chloro-iaovalerate 

3:8515 

3:6207 

Ethyl a-chloro-/3-keto-n-butyrate 

3:8515 

3:6375 

Ethyl 7-chloro-/3-keto-/i-butyrate 


3:8518 

Ethyl a-chloro-a-methyl-yi- 



butyrate 

3:6500 

3:8528 

Ethyl a-chloro-/3-methyl-n- 
butyrate 

3:6775 

3:8125 

Ethyl a-chloropropionate 

3:6517 

3:8290 

Ethyl ^-chloropropionate 


3:8596 

Ethyl a-chloro-n-valerate 

3:6648 

3:8629 

Ethyl /3-chloro-n- valerate^ 


3:8703 

Ethyl 7 -chloro-n-valerate 

3:5985 

3:8727 

Ethyl 6-chloro-n-valerate 

3:6060 

3:7675 

a-Ethylcrotyl chloride 

3:6318 

3:5850 

Ethyl dichloroacetate 


3:6090 

Ethyl a,/3-dicliloropropionate 

3:6220 

3:9048 

Ethyl-di-n-propyl-carbinyl 



chloride 

3:9038 

3:5130 

Ethylene (di) chloride 

3:9039 

3:5552 

Ethylene chlorohydrin 

3:6840 

3:6780 

Ethylene glycol mono(chloro- 



acetate) 

3:5840 

3:0720 

Ethylene glycol dis- (chloro- 
acetate) 

3:5552 

3:9185 

Ethylene glycol mono-(/3- 



chloroethyl) ether 

3:9800 

3:0655 

Ethylene glycol 6ia-03-chloro- 

3:9800 


ethyl) ether 

3:9056 

3:9322 

Ethyl-ethynyl-methyl-carbinyl 

3:6860 


chloride 

3:0200 

3:8370 

2-Ethylhexyl chloride 

3:0200 

3:7022 

Ethyl hypochlorite 

3:6860 

3:5035 

Ethylidene (di) chloride 

3:9025 

3:9652 

Ethyl-isoamyl-methyl-carbinyl 

3:0100 


chloride 

3:9422 

3:9462 

Ethyl-isopropyl-acetyl chloride 

3:8520 

3:7565 

Ethyl-isopropyl-carbinyl chloride 

3:8250 

3:7970 

Ethyl-isopropyl-methyl-carbihyl 

chloride 

3:8635 


a-Ethyl-isovaleryl chloride 
Ethyl-methyl-acetyl chloride 
cr-Ethyl-^-methylallyl chloride 
a-Ethyl-Y-methylallyl chloride 
oe-Ethyl-d-methyl-n-butyryl 
chloride 

Ethyl-methyl-carbinyl chloride 
unfis^.-Ethyl-methyl-ethylene 
chlorohydrin 

eym.-Ethyl-methyl-ethylene 

dichloride 

Ethyl-methyl-rt-propyl-carbinyl 

chloride 

Ethyl-n-propyl-acetyl chloride 
Ethyl-n<-propyl-carbinyl chloride 
Ethyl trichloroacetate 
Ethyl Qe,oc,/3-trichloro-n-but3rrate 
Ethyl-tricUoromethyl-carbinol 
a-Ethyl-7i-valeryl chloride 

F 

Formaldehyde /9,d'-diohloro- 
isopropyl-ethyl-acetal 
Fumaryl (di) chloride 
Furan 2-carboxylio acid chloride 
Furoyl chloride 

G 

Glutaryl (di) chloride 
Glycerol a-chlorohydrin 
acetate 

Glycerol a-chlorohydrin d- 
acetate 

Glycerol /3-chlorohydrin a- 
acetate 

Glycerol a,a'-dichlorohydrin 
Glycerol a,/9-dichlorohydrin 
Glycerol a,a'-dichlorohydrin 
^-acetate 

Glycerol a-d-dichlorohydrin of- 
aoetate 

Glycerol a-monochlorohydrin 
Glycerol ^-monochlorohydrin 
Glycerol a-monoohlorohydrin 
diacetate 

Glycerol trichlorohydrin 
" Glycol chlorohydrin " 

H 

7i-Hendecanoyl chloride , 
n-Hendecoyl chloride 
1 , 1,2,2, 3,4f4-Heptachlorobutane 
81 /m.-Heptachloropropane 
unepm.-Heptaohloropropane 

1.1.1 .2.2.3.3- Heptachloropropa&e 

1.1.1 .2.3.3.3- Heptachloropropane 
n-Heptadecanoyl chloride 
n-Heptadeoyl chloride 
Heptamethylene dichloride 
n-Heptanoyl chloride 
n-Heptyl chloride 
7i-Heptyl-methyl-carbinyl chlo- 
ride 
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3:6813 

3:4689 

8:6436 

8:3166 

8:1946 

8:9946 

3:9948 

8:9969 

8:3189 

3:4419 

3:4999 

3:3479 

3:2869 

3:1915 

3:4836 

3:1229 

3:3189 

8:6469 

3:6626 

3:6626 

3:6469 

3:6312 

3:6370 

8:3470 

3:9912 

3:0016 

3:8680 

3:8720 

3:8168 

3:7966 

3:7716 

3:7670 

3:8378 

3:8787 

3:8777 

3:0086 

8:9446 

3:9447 

8:9107 

3:9688 

3:9390 

3:6780 

3:9107 

3:9099 

3:9670 

3:9099 


3:8866 

8:7366 

3:7276 
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Hexachloroacetone 
Hexachlorobenaene 
Hexachlorobutadiene>l ,3 
1,1,2,3,4,4'Hexachlorobutane 
1,1 ,2,3,4,4>Hexachlorobuten6-2 
(solid isomer) 

1,1 ,2,3,4,4-Hexachlorobutene-2 
(liquid isomer) 
Hexachlorobutene-X 
Hexachlorobutene-Y 
Hexachlorocyclohexadien-2,5< 
one-1 

cts-l,2,3,4,5,6-HexachlorocyGlo- 

hexane 

trans-l,2,3,4,5,6-Hexachloro- 

oyolohexane 

1.2.4. 4. 6. 6- Hexachlorocyclo- 
hexen> l-dione-3 , 5 

2.3.5.5.6. 6- Hexachlorocyclo- 
hexen-3-dione-l ,4 

Hexachlorodimethyl carbonate 
Hexachloroethane 

1.2.3.4.5.6- HexaGhlorohexene>3 
“ Hexachlorophenol ” 

1.1.1 .2.3.3- Hexachloropropane 

1.1.2.2.3.3- Hexachloropropane 
S 2 /m.-HexaGhloropropane 
unsi/m.-HexaGhloropropane 
HexaGhloropropanone-2 
HexaGhloropropene 

“ HexaGhlororesorcinol ” 
n-HexadoGanoyl chloride 
n>Hexadecyl chloride 
Hexahydrobenzoyl chloride 
Hexamethylene dichloride 
n-Hexanoyl chloride 
n-Hexyl chloride 
«ec.-(2)-Hexyl chloride 
«ec.-(3)-Hexyl chloride 
n-Hexyl-methyl-carbinyl chloride 
Hydrocinnamoyl chloride 
Hydrocinnamyl chloride 
2-Hydroxyben*oyl chloride 
3>Hydroxybenzoyl chloride 
4-Hydroxyben*oyl chloride 
2-Hydroxy-2-(dichloromethyl)- 
1,3-dioxolane 

/3-I(^-Hydroxyethoxy)ethoxy]- 
ethyl chloroacetate 
, /3-03-Hydroxyethoxy) ethyl 
chloroacetate 

/3-Hydroxyethyl chloroacetate 
i3-Hydroxyethyl dichloroacetate 
/3>Hydroxyethyl tricbloroacetate 
^-Hydroxy-^-phenyl-ethyl chlo- 
ride 

2-Hydroxy-2-(trichlorometliyl)- 

1,3-dioxolane 

I 

Isoamylacetyl chloride 
Isoamyl chloride 
sec.-lsoamyl chloride 


3:8216 Isoamyl chlorocarbonate 

3:8216 Isoamyl chloroformate 

3:9680 Isoamyl a-chloropropionate 

3:8730 Isoamyl /3-chloropropionate 

3:9666 Isoamyl-dimethyl-carbinyl 

chloride 

3 : 7986 Isoamyl-methyl-carbinyl chloride 

3:9628 Isoamyl-propenyl-carbinyl 

chloride 

3:6490 Isoamyl tricbloroacetate 

3:7146 Isobutenyl chloride 

3:8090 Isobutyl-acetyl chloride 

3:7136 Isobutyl chloride 

3:8376 Isobutyl chloroacetate 

3:7760 Isobutyl chlorocarbonate 

3 : 9216 ‘ ‘ Isobutylchloroform ' ’ 

3 : 7760 Isobutyl chloroformate 

3 : 9470 Isobutyl a-chloropropionate 

3:8655 Isobutyl ;8-chloropropionate 

3:7752 Isobutylene a-chlorohydrin 

3:7905 “ /8-Isobutylene chlorohydrin " 

3:7430 Isobutylene dichloride 

3:7425 Isobutylidene (di) chloride 

3:7496 Isobutyl-methyl-carbinyl 

chloride 

3:6140 Isobutyl tricbloroacetate 

3:7270 Isobutyryl chloride 

3:8090 Isocaproyl chloride 

3 : 1903 Isocrotonic acid dichloride 

3:7120 Isocrotyl chloride 

3:4711 Isodichlorosuccinic acid 

3:9750 /3-Isodurylyl chloride 

3:8365 Isoheptanoyl chloride 

3:7695 Xsohexyl chloride 

3:9540 Isohexyl-methyl-carbinyl 

chloride 

3:0620 Isophthaloyl (di) chloride 

3:0520 Isophthalyl (di) chloride 

3:0846 Isopral ” 

3 : 8105 Isoprene ftis-hydrochloride 

3:7466 Isoprene hydrochloride 

3:9200 “ Isoprene monochloride ” 

3:7020 Isopropenyl chloride 

3:7358 Isopropenyl chlorocarbonate 

3:7358 Isopropenyl chloroformate 

3:8796 4-Isopropylbenzyl chloride 

3:7136 Isopropylcarbinyl chloride 

3:7025 Isopropyl chloride 

3:8160 Isopropyl chloroacetate 

3:7406 Isopropyl chlorocarbonate 

3:7406 Isopropyl chloroformate 

3:8166 Isopropyl a-chloropropionate 

3 : 9388 Isopropyl /8-chloropropionate 

3:6890 Isopropyl dichloroacetate 

3:8076 Isopropylethylene dichoride 

3:7140 Isopropylidene (di) chloride 

3:7966 Isopropyl-methyl-acetyl chloride 
3 : 7276 Isopropyl-methyl-carbinyl chlo- 

ride 

8 : 9664 Isopropyl-methyl-n-propyl- 

carbinyl chloride 

8:6976 Isopropyl tirchloroacetate 

8:7660 Isovaleryl chloride 
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8:9098 


3:9858 

3:8810 


3:9030 

3:9935 

3:0350 

3:0747 

3:9750 

3:7145 

3:5335 

3:6870. 

3:6797 

3:6890 

3:7150 

3:7365 

3:9385 

3:9140 

3:9140 

3:9350 

3:7085 

3:7090 

3:7145 

3:7305 

3:8740 

3:6535 

3:6600 

3:8710 

3:8700 

3:8660 

3:7603 

3:7560 

3:9453 

3:8305 

3:8355 

3:8365 

3:9385 

3:9140 

3:9350 

3:7005 

3:5585 

3:9096 

3:6695 

3:6670 

3:0535 

3:8103 

3:8334 

3:8517 

3:5075 

3:5870 

3:9344 

3:5085 

3:5075 

3:9098-A 

8:0373 


K 

/8-Keto-n-butyryl chloride 
L 

n-Lauroyl chloride 
n-Lauryl chloride 

M 

Malonyl dichloride 
»i-Margaroyl chloride 
a-Menaphthyl chloride 
/3'Menaphthyl chloride 
Mesitoyl chloride 
Methallyl chloride 
Methoxyacetyl chloride 

2- Methoxybenzoyl chloride 

3- Methoxybenzoyl chloride 

4- Methoxybenzoyl chloride 
a-Methoxyethyl chloride 
/3-Methoxyethyl chloride 
/3-Methoxyethyl chloroacetate 
j9-Methoxyethyl chlorocarbonate 
/3-Methoxyethyl chloroformate 
/9-Methoxyethyl trichloroacetate 
Methoxymethyl chloride 
a-Methylallyl chloride 
/3-Methylallyl chloride 
7 -Methylallyl chloride 
o-Methylbonzoyl chloride 
m-Methylbenzoyl chloride 
p-Methylbenzoyl chloride 
o-Mothylbenzyl chloride 
TM-Methylbenzyl chloride 
p-Methylbenzyl chloride 
a-Methyl-n-butyryl chloride 
/3-Methyl-n-butyryl chloride 
a-Methyl-n-caproyl chloride 
/3-Methyl-n-caproyl chloride 
7 -Methyl-n-caproyl chloride 

5- Mothyl-n-caproyl chloiide 
“ MethylceUosolve ” 

chloroacetate 
“ MethylceUosolve ” 
chloroformate 
“ MethylceUosolve " 
trichloroacetate 
Methyl chloride 
Methyl chloroacetate 
Methyl a-chloroacrylate 
Methyl o-chlorobenzoate 
Methyl m-chlorobenzoate 
Methyl p-chlorobenzoate 
Methyl a-chloro-n-butyrate 
Methyl jS-chloro-n-butyrate 
Methyl y-chloro-ri-butyrate 
“ Methyl chlorocarbonate 
Methyl a-chlorocrotonate 
Methyl /5-chlorocrotonate 
Methylchloroform 
Methyl chloroformate 
Methyl (chloroformyl) acetate 
Methyl 7 -(chlorofonnyl)-n^ 
butyrate 


3:0793 Methyl a)-(chloroformyl)- 

pelargonate 

3:9347 Methyl /3-(chloroformyl>- 

propionate 

3:7918 Methyl a-chloroisobutyrate 

3 : 8038 Methyl /S-chloroisocrotonate 

3 : 7360 * ‘ Methylchloroprene ’ ' 

3:7908 Methyl a-chloropropionate 

3 : 5765 Methyl /3-chloropropionate 

3:8364 Methyl a-chloro-n-valerate 

3:9340 cis-a-Methylcrotonoyl chloride 

3:7400 a-Methylcrotyl chloride 

3:5655 Methyl dichloroacetate 

3:9103 Methyl a,j8-dichloropropionate 

3 : 9550 Methyl-di-n-propyl-carbinyl 

chloride 

3 : 5030 M ethylene (di) chloride 

3:1960 3,4-Methylenedioxybenzoyl 

chloride 

3 : 7657 * ‘ /3-Methy lepichlorohydrin ’ ’ 

3:9190 j9-Methylglycerol a-monochloro- 

hydrin 

3:9440 Methyl-neopentyl-carbinyl 

cliloride 

3:9660 o-Methylphenacyl chloride 

3:1130 p-Methylphenacyl chloride 

3:8667 Methyl-phenyl-carbmyl chloride 

3:7175 7 -Methylpropargyl chloride 

3:8030 Methyl-n-propyl-acetyl chloride 

3:7335 Methyl-n-propyl-carbinyl 

chloride 

3:5800 Methyl trichloroacetate 

3:5630 Methyl trichloromethyl ketone 

3:8030 a-Methyl-n-valeryl chloride 

3 ; 8035 /8-Methyl-n-valeryl chloride 

3:8090 7 -Methyl-/i*valeryl chloride 

3:7030 a-Methylvinyl chloride 

3:7030 /3-Methylvinyl chloride 

3 : 9038 ‘ ‘ a-Monochlorohydrin ’ ’ 

3 : 9039 ‘ ‘ /3*Monochlorohydrin ’ ’ 

3:6840 “ a-Monochlorohydrin ” 

diacetate 

3 : 9885 n^Myristoyl chloride 

3:9874 n^Myristyl chloride 

N 

3 : 4750 Napthalene tetrachloride 

3 : 6930 a-Naphthoyl chloride 

3:0900 j8-Naphthoyl chloride 

3:9856 a>Naphthylacetyl chloride 

3:0350 cx-Naphthylmethyl chloride 

3:0747 /9-Naphthylmethyl chloride 

3:7590 Neohexyl chloride 

3:9460 Neopentylacetyl chloride 

3 : 7555 Neopentylcarbinyl chloride 

3:7300 Neopentyl chloride 

3:8780 Neophyl chloride 

3:8765 7i-Nonanoyl chloride 

3:8719 7t-Nonyl chloride 

O 

8:3000 l,l,2,2,3»3.4,4-Octaohlorobutane 

8:0433 Octachlorocydoiientene 
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8:0788 

a,af,j9,j8,j8,/3',/9',i9'>OctaGhlorodi- 

3:4835 

Perchloroethane 


ethyl ether 

3:1676 

“ Perchloroether ” 

8:4808 

Octachloronaphthalene 

3:5460 

Perchloroethylene 

8:4450 

Octachloropropane 

3:0800 

Perchloromethyl acetate 

8:0900 

n-Octadecanoyl chloride 

3:4803 

Perchloronaphthalene 

8:0940 

n-Octadecen-9-oyl chloride 

3:4450 

Perchloropropane 

3:0005 

n-Octadeoyl chloride 

3:6373 

“ Perchlorovinyl ether '* 

3:8805 

Octamethylene dichloride 

3:0740 

Perhydrogeranyl chloride 

3:8680 

»-Octanoyl chloride 

3:1818 

Phenacyl chloride 

3:8585 

n-Octyl chloride 

3:8790 

Phenoxyacetyl chloride 

3:0040 

n-Oleoyl chloride 

3:0770 

/5-03-Phenoxyethoxy)ethyl 

3:5060 

Oxalyl (di) chloride 

3:0165 

chloride 

/?-Phenoxyethyl chloride 


P 

3:0448 

Phenoxymethyl chloride 

8:0018 

?i-Palmitoyl chloride 

3:8880 

7-Pheiioxy-7i-propyl chloride 

3:8650 

Para-/3-cliloro-n-butyraldehyde 

3:0567 

Phenylacetyl chloride 

8:8880 

Parara-chloro-isobutyraldehyde 

3:7003 

Phenyl chloride 

3:8765 

Pelagoriyl chloride 

3:0565 

Phenyl chloroacetate 

8:6805 

Pentachloroacetone 

3:6540 

Phenylchloroform 

8:3500 

Pentachlorobenzal (di) chloride 

3:8718 

/3-Phenylethyl chloride 

3:4808 

Pentachlorobenzaldehyde 

3:9494 

Phenylethynyl chloride 

8:8890 

Pentachlorobenzene 

3:3934 

p-Phenylphenacyl chloride 

3:4910 

Pentachlorobenzoic acid 

3:9658 

Phenylpropiolyl chloride 

3:8895 

Pentachlorobenzoyl chloride 

3:8787 

jS-Phenylpropionyl chloride 

3:9044 

1 , 1 ,2,3,4-Pentachlorobutadiene- 

3:8777 

7 -Phenyl-n-propyl chloride 


1,3 

3:6874 

.Phenyl trichloromethyl ketone 

3:0750 

1 , 1 ,2,3,4-Pentachlorobutane 

3:5000 

Phosgene 


(solid isomer) 

3:6900 

«ym.-o-Phthaloyl dichloride 

8:0068 

1 , 1 ,2,3,4-Pentachlorobutane 
(liquid isomer) 

3:8395 

wn«ym.-o-Phthaloyl dichloride 


3:6900 

fij/m.-o-Phthalyl dichloride 

8:9070 

1,2,2,3 ,4-Pentachlorobutane 

3:8395 

unsym.-o-VhihaXyl dichloride 

8:0070 

1 ,2,3,3,4-PentaGhlorobutane 

3:0450 

Pimelyl (di) chloride 

3:0750 

1 ,2,3 ,4,4<-Pen tachlorobutane 

3:7475 

Pinacolyl chloride 


(solid isomer) 

3:1960 

Piperonyloyl chloride 

3:0068 

1 ,2,3 ,4,4-Peiitachlorobutane 

3:7400 

Piporylene hydrochloride 


(liquid isomer) 

3:7360 

Pirylene monohydrochloride 

8:0054 

1,1,1 ,4,4*Pen tachlorobutene-2 

3:7450 

Pivalyl chloride 

3:5880 

Pentachloroothane 

3:7100 

Propargyl chloride 

3:1676 

5M-(Pentachloroethyl) ether 

3:7153 

Propenoyl chloride 

3:9388 

1,1,1 ,2,2-Pentachlorohexane 

3:7030 

Propenyl chloride 

3:6785 

3,3,4,4,4-Pentacliloro-2>methyl- 

butane 

3:8050 

Propenyl-n-propyl-carbinyl 

chloride 

3:1865 

1,1, 1 ,2,3-Pentachloro-2-methyl- 

3:7170 

Propionyl chloride 


propane 

3:7680 

7 -(n-Propyl)allyl chloride 

3:4850 

Pentachlorophenol 

3:7160 

n-Propylcarbinyl chloride 

3:4740 

1,1,1 ,2,3-Pentachloropropane 

3:7040 

7i-Propyl chloride 

3:6880 

1,1,2, 3,3-Pentachloropropane 

3:8805 

n-Propyl cliloroacetate 

3:6880 

sj/m.-Pentachloropropane 

3:7540 

»-Propyl chlorocarbonate 

3:4740 

unsi/m.-Pentachloropropane 

8:7540 

n-Propyl chloroformate 

3:6805 

Pentachloropropanone-2 

3:9384 

n-Propyl a-chloropropionate 

3:6075 

1 , 1 ,2 ,3 ,3-Pentachloropropene- 1 

3:8545 

n-Propyl /9-chloropropionate 

8:4805 

Pentachloropropionio acid 

3:6000 

n-Propyl dichloroacetate 

3:0470 

Pentachloropropionyl chloride 

3:5800 

Propylene (di) chloride 

3:4037 

2,3,4,5,6-Pentachlorotolueue 

3:7747 

Propylene a-chlorohydrin 

3:4037 

eso-Pentachlorotoluene 

3:7917 

Propylene /3-chlorohydrin 

3:0000 

Pentadeoanoyl chloride 

3:8885 

n-Propylethylene chlorohydrin 

3:9890 

n-Pentadecyl chloride 

3:7830 

Propylidene (di) chloride 

3:8675 

Pentaerythrityl tetrachloride 

3:6135 

n-Propyl trichloroacetate 

3:5880 

3:0536 

“ Pentalin " 

Pentamethylacetone dichloride 

3:8515 

Pyromucyl chloride 

3:8575 

Pentamethylene dichloride 


Q 

8:1015 

Perohlorodimethyl carbonate 

8:0376 

Quinitol chlorohydrin 
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8:0085 

3:6870 

8:0780 

3:9060 

3:0005 

3:4854 

3:3570 

3:0570 

3:6685 

3:8717 

3:9576 

8:6300 

8:5515 


3:3305 

3:3305 

3:6050 

3:6086 

3:9397 

3:6980 

3:3140 

3:3700 

3:0655 

3:0915 

3:4115 

3:4790 

3:3965 

3:4978 

3:4496 

3:0870 

3:6150 

3:5633 

3:9078 

3:9080 

3:1760 

3:9083 

3:9058 

3:9060 

3:9058 

3:9060 

3:4875 

3:9073 

3:3477 

3:4875 

3:4496 

3:5555 

3:5750 

3:5750 


S 

Balicyloyl chloride 
Salicyloyl chloride methyl ether 
Sebacyl (di) chloride 
7i-Stearoyl chloride 
Stearyl chloride 
a ’’-StUbene dichloride 
“ ’'-Stilbene dichlorido 
Styrene chlorohydrin 
Styrene dichloride 
Styryl chloride 
Suberyl (di) chloride 
Succinyl (di) chloride 
“ Superpaiite [[ 

T 

Terephthaloyl (di) chloride 
Terephthalyl (di) chloride 
«l/m.-Tetrachloroacetone 
urwi/m.-Tetrachloroacetone 

2.3.4. 5- Tetrachlorobenzal (di)- 
chloride 

2.3.4. 6- (or 2,3,5,6-)Tetrachloro- 
benzal (di) chloride 

2.3.4. 5- Tetrachloroben zaldehyde 

2.3.4.6- (or 2,3,5,b-)Tetrachloro- 
benzaldehyde 

l,2,3,4~Tetrachlorobenzene 

1.2.3.5- Tetrachlorobeiizene 

1 .2.4.5- Tetrachlorobenzen0 

2.3.4.5- Tetrachlorobenzoic acid 
Tetrachlorobenzoquinone-l ,2 
2,3,0, 6-Tetraclilorobenzoquinone- 

1.4 

a,a,a^a',-Tet^achlo^oblbenzyl 

1.2.3 .4- Tetrachlorobutadiene- 
1,3 (solid isomer) 

1.2.3 . 4- Tetrachorobutadiene- 
1,3 (liquid isomer) 

1.1.1 .2- Tetrachlorobutane 

1 .2.2.3- Tetrachlorobutane 

1 .2.3 .3- Tetracholorobutane 

1.2.3.4- Tetrachlorobutane (solid 
isomer) 

1.2.3.4- Tetrachlorobutane (liquid 
isomer) 

1 .3.4.4- Tetrachlorobutene-l 

2.3.3.4- Tetrachlorobutene-l 

1 . 1 .2.4- Tetrachlorobutene-3 
1 ,2,2,d-Tetrachlorobutene-3 
Tetraclilorocatechol 

1,1 ,2,3-Tetrachloro-2-(chloro- 
methyl) propane 

1.1.1 .2- Tetrachloro-2,2-&is- 
(p-chlorophenyl) ethane 

Tetrachloro-l ,2-dihydroxyben- 
zene 

1 . 1 .2.2- TetraGhlorol ,2-diphenyl- 
ethane 

1.1.1 .2- Tetrachloroethane 

1 . 1 .2.2- Tetrachloroethane 
82 /m.-Tetrachloroethane 


3:5555 unsym.-Tetrachloroethane 

3:5460 Tetrachloroethylene 

3 : 0738 bis- (a,/3,/3,/3-Tetrachioroethyl) 

ether 

3 : 9306 1 ,3,4,6-Tetrachlorohexadiene-2,4 

3:9333 1,1,2,2-Tetrachlorohexane 

3 : 4941 2,3,5,6-Tetrachlorohydroquinone 

3 : 9036 /3,/3,/3,/3'-Tetrachloroisopropyi 

alcohol 

3:9037 /8,/9,/9',l3'-Tetrachloroisopropyl 

alcohol 

3:5100 Tetrachloromethane 

3:4735 l,l,l,2-Tetrachloro-2-methyl- 

propane 

3:6165 l,l,2,3-Tetrachloro-2-methyl- 

propane 

3 : 3533 2,3,4,5-Tetrachlorophenol 

3 : 1687 2,3,4,6-Tetrachlorophenol 

3:3460 2,3,5, 6-Tetrachlorophenol 

3:4946 Tetrachlorophthalic acid 

3:4947 Tetrachlorophthalic anhydride 

3:5785 1,1,1,2-Tetrachloropropane 

3:5835 1,1,2,2-Tetrachloropropane 

3:0035 l,l,2,3-Te6rachloropropane 

3:5895 1,2,2,3-Tetrachloropropane 

3 : 9036 1,1,1, 3-Tetrachloropropanol-2 

3:9037 l,l,3,3-Tetrachloropropanol-2 

3:6085 l,l,l,3-Tetrachloropropanone-2 

3:6050 l,l,3,3-Tetraohloropropanone-2 

3:5930 1,2,3,3-Tetrachloropropene-l 

3:1850 a,a,^,/3-Tetrachloropropionlo 

acid 

3 : 4875 Tetrachloropyrocatechol 

3 : 3965 Tetrachloro-o-quinone 

3:4978 Tetrachloro-p-quinone 

3 : 4135 Tetrachlororesorcinol 

3:4750 1, 2,3, 4-Tetraohloro-l, 2,3,4- 

tetrahydronaphthalene 
3:4703 6,6,7,8-Tetrachloro-l,2,3,4- 

tetrahydronaphthalene 
3:4750 1,2,3,4-Tetrachlorotetralin 

3:4703 5,6,7,8-Tetrachlorotetralin 

3:3710 2,3,4,5-Tetrachlorotoluene 

3:3480 2,3,4,6-Tetraohlorotoluene 

3:3575 2,3,5,6-Tetrachlorotoluene 

3 : 9885 7t-Tetradecanoyl chloride 

3:9874 n^Tetradecyl chloride 

3:8153 Tetrahydro-os-furfuryl chloride 

3 : 9740 Tetrahydrogeranyl chloride 

3 : 9170 Tetramethylene chlorohydrin 

3:5835 Tetramethylene (di) chloride 

3:4530 Tetramethylethylene dichloride 

3:9340 Tiglyl chloride 

3:1380 cts-Tolane dichloride 

3:4310 ^mns-Tolane dichloride 

3 : 4496 Tolane tetrachloride 

3:9667 o-Toluyl chloride 

3 : 8740 o-Toluyl chloride 

3:6535 m-Toluyl chloride 

3:6600 p-Toluyl chloride 

3:6317 /9,i8,j8-Trichloroacetal 

3:5310 Trichloroacetaldehyde 
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3:0843 Trichloroacetaldehyde n- 

butylhemiacetal 

3:6317 Trichloroacetaldehyde di- 

ethylacetal 

3:0860 Trichloroacetaldehyde (mono)- 
ethylacetal 

3:1370 Trichloroacetaldehyde hydrate 

3:1130 Trichloroacetic acid 

3:6676 Trichloroacetic acid anhydride 

3 : 6630 a,a,a>Trichloroacetone 

3:6067 a,a, 7 -Trichloroacetone 

3:6874 (o,ci>,<«^-Trichloroacetophenone 

3 : 6430 Trichloroacetyl chloride 

3:1840 a,/3,j9-Trichloroacrylic acid 

3:6846 Trichloroacryloyl chloride 

3:3313 2,3,4-Trichlorobonzal (di)- 

chloride 

3:3178 2,3,6-Trichlorobenzal (di)- 

chloride 

3:6910 2,4,5-Trichlorobenzal (di)- 

chloride 

3:0143 2,4«6-Trichlorobenzal (di- 

chloride 

3:3446 2,3,4-Trichlorobenzaldehyde 

3:1060 2,3,5-Trichlorobenzaldehyde 

3:3387 2,3,6-Trichlorobenzaldehyde 

3 : 3376 2,4i6-Trichlorobenzaldehyde 

3 : 1300 2,4,6-Triohlorobenzaldehyde 

3:3440 3,4,5-Tnchlorobonzaldehyde 

3:0990 1,2,3-Trichlorobenzene 

3:6430 1,2,4-Trichlorobenzene 

3:1400 1,3,5-Trichlorobenzene 

3 : 1400 aym .-Trichlorobenzene 

3:6430 i47i«ym.-Trichlorobenzene 

3:0990 nc.-Trichlorobenzene 

8:4810 2,3,4-Triclilorobenzoic acid 

3:4486 2,3,5-Trichlorobenzoic acid 

3:4600 2,3,6-Trichlorobenzoic acid 

8:4630 2,4,5-Trichlorobenzoic acid 

8:4646 2,4,6-TrichlorobenzoiG acid 

8:4930 3,4,5-Trichlorobenzoic acid 

8 : 4673 2,3,5-Trichlorobenzoquinone-l ,4 

8:3313 2,3,4-Trichlorobenzylidene (di)- 

chloride 

3:3178 2,3,6-Trichlorobenzylidene (di)- 

chloride 

3:6910 2,4,5*Trichlorobenzyli‘dene (di)- 

chloride 

8:0143 2,4,6-Trichlorobenzylidene (di)- 

chloride 

8 : 9063 1 , 2,3-Trichlorobutadiene-l ,3 

3:9086 1,1,3-Trichlorobutane 

3:6936 1,2,3-Trichlorobutane 

3 : 6680 2,2,3-Trichlorobutane 

3 : 1336 2, 2,3-Trichlorobutanol-l 

3 : 6966 1,1, l-Trichlorobutanoi-2 

3:90M 2,3,4-Trichlorobutene-l 

8:9063 l,2,4-Trichlorobutene-2 

8:9063 l,3,4-Trichlorobuten6-2 

0:9064 l,2,3-Trichlorobutene-3 

3:6180 /3,^,^Trichloro-(er-butyl acetate 

3:3663 /9,/^^,/9-Trichloro-^-butyl alcohol 

0 : 6010 a,a,/3-Tricbloro-n-butyraldehyde 


8:9094 a,a, 7 -Trichloro-n^butyraldehyde 

3:1905 a,a,/3-Trichloro-n-butyraldehyde 

hydrate 

3:1380 a,a,/3-Trichloro-n-butyric acid 

3:1831 o,a, 7 -Trichloro-n-butyrio acid 

3:0936 a,j3,^-Trichloro-n-butyric acid 

3 : 1000 7 , 7 , 7 -Trichloro-n-butyric acid 

3:3448 3,4,5-Trichlorocatechol 

3 : 6330 1 ,2,3-Trichloro-2-(chloromethyl)- 

butane 

3 : 9084 1 , 1 ,3-Trichloro-2-(chloromethyl)- 

propane 

3 : 6336 1 ,2,3-Trichloro-2-(chloromethyl)- 

propane 

3:1830 l,l,l-Trichloro-2-(o-chloro- 

phenyl) -2- (p-chlorophenyl) - 
ethane 

3:9867 l,l,l-Trichloro-2-(m-chloro- 

phenyl)-2-(p-chlorophenyl)- 

ethane 

3 : 9866 1,1, l-Trichloro-2,2-6w-(o-chloro- 

phenyl) ethane 

3 : 3398 1,1, l-Trichloro-2,2-6w-(;>-chloro- 

phenyl) ethane 

3:0618 2,4,6-Trichloro-m-cresol 

3:1380 “ Trichlorocrotonic acid ” 

3:4743 4,6,(>-Trichloro-2,3-dimethyl- 

phenol 

3 : 4707 3,5,6-Tncliloro-2,4-diinethyl- 

phenol 

3:4709 3,4,6-Tnchloro-2,5-dimethyl- 

phenol 

3:4747 2,6,6-Trichloro-3, 4-dimethyl- 

phenol 

3:4713 2,4, 6-Trichloro-3, 5-dimethyl- 

phenol 

3 : 1430 1, 1 ,l-Trichloro-2,2-diphenyl- 

othane 

3 : 6760 3,3,3-Trichloro-l ,2-epoxypropane 

3:6086 1,1,1-Trichloroe thane 

3:6330 1,1,2-Tricliloroethane 

3:6330 unaj/m.-Trichloroethane 

3:6776 2,2,2-Trichloroethanol'l 

3:6776 /3,^,|3-Trichloroethyl alcohol 

3:6170 1,1,2-Trichloroethylene 

3:9308 3,3,6-Trichlorohexadiene-l,4 

3 : 9303 3,4,6-Trichlorohexatriene-l ,2,4 

3 : 9336 1 , 1 ,2-Triclilorohexene-l 

3:6840 “ Trichlorohydrin " 

3:4063 2,3,5-Trichlorohydroquinone 

3:3630 2,4,6-Trichloro-3-hydroxy- 

benzaldehyde 

3:4444 3,5,6-Trichloro-2-hydroxy- 

hydroquinone 

3:0846 /3,/3,/3-Trichloroisopropyl alcohol 

3:6786 /3,^,/3-Trichloroi8opropyl chloride 

3:6060 Trichloromethane 

3 : 6100 l,2,3-Trichloro-2-methylbutane 

3:4766 2,3,3-Trichloro-2-methylbutane 

3:9316 4,4,4-Trichloro-2-methylbutane 

3:1916 6is-(Trichloromethyl) carbonate 

3:6616 Trichloromethyl chlorocarbonate 

3:6616 Trichloromethyl chloroformate 
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3 : 8510 2,5*&t8-(Trichloromethyl)-l ,3- 

dioxolanone^ 

3 : 0618 2,4,6-TrichlorO"3-methylphenol 

3:5710 l,l,2«Trichloro-2-methylpropane 

8 : 5885 1 ,2,3-Trichloro*2-methylpropaiie 

3 : 3663 1,1, l-Trichloro-2-methyl- 

propanol-2 

3 : 5035 1 , 1 ,3>Trichloro*2>metli>'l- 

propene-1 

8 : 5605 3,3,3-Trichloro-2-methyl- 

propene-1 

3:5605 l,l,l-Trichloro-2-methyl- 

propene-2 

3 : 0390 Trichloromethyl trichloroacetate 

3 : 3135 1 ,2,3-TriGhloronaphthalene 

3 : 3490 1 ,2,4-Trichloronaphthaleno 

3 : 1930 1 ,2,5-Trichloronaphthaleiie 

3 : 3515 l,2,6>Trichloronaphthalene 

3 : 3335 1 , 2,7-Trichloronaphthalene 

3 : 3330 1 , 2,8-Trichloronaphthalene 

3:3015 1,3,5-Trichloronaphthalene 

3 : 1975 1,3,6-Trichloronaphthalene 

3 : 3400 1,3,7-Trichloronaphthalene 

3 : 3430 1 ,3,8-Tric iloronaphthalene 

3 : 4005 1 ,4,5-Trichloronaphthalene 

3:1635 1,4,6-Trichloronaphthalene 

3 : 3300 2,3,5-Trichloronaphthalcne 

3 : 3455 2,3,6-Trichloronaphthalene 

3:3300 Trichloroparaldehyde 

3 : 3185 2,3 ,4-Trichlorophenol 

3:1340 2,3,5>Trichlorophenol 

3:1160 2,3,6-Trichlorophenol 

3 : 1630 2,4 ,5-Trichlorophonol 

3 : 1673 2,4,6-Trichlorophenol 

3:3885 3,4,5-Trichlorophenol 

3:4335 2,4,5-Trichlorophenoxyacetic 

acid 

3:4030 2,4,6-Trichlorophloroglucmol 

3:9033 2,2,3-Trichloropropanal-l 

3:5370 1,1,1-Trichloropropane 

3 : 5630 1 , 1 ,2-Tricliloropropane 

3:5660 1,1,3-Trichloropropane 

3 : 5475 1 ,2,2-Trichloropropane 

3:5840 1,2,3-Trichloropropane 

3 : 0846 1,1, l-Trichloropropanol-2 

3 : 5630 1,1, l-Trichloropropanone-2 

3 : 5957 1 , 1 ,3-Trichloropropanone-2 

3:5395 1,1,2-Trichloropropene-l 

3:5650 1,2,3-Trichloropropene-l 

3:5345 3,3,3-Trichloropropene-l 

3:5345 l,l,l-Trichloropropene-2 

3 : 9033 a,a,jl3-Trichloropropionaldehyde 

3:1375 a,a,/3-Trichloropropionio acid 

3:5760 w,co,w-Trichloropropylene oxide 

8:3448 3,4,6-Trichlorop3^ocatechol 

3:4783 4,5,6>Trichloropyrogallol 

3:4673 TVichloroquinone 

3:3174 4£,4,6-Trichlororesorcinol 
3:0540 co,a),a)-Trichlorotoluene 


3:0435 2,3,4-Trichlorotoluen6 

3 : 0610 2,3,5>Trich]orotoluene 

3 : 0635 2,3,6-Trichlorotoluene 

3:3100 2,4,5-Trichlorotoluene 

3:0380 2,4,6-Trichlorotoluene 

3 : 0580 3,4,5-Trichlorotoluene 

3:4743 Trichloro^3-xylenol 

3 : 4747 Trichloro-a-4-xylenol 

3:4707 Trichloro-m-4-xylenol 

3:4713 Trichloro-m-5-xylenol 

3:4709 Trichloro-p-xylenol 

3:9860 Tridecanoyl chloride 

3:9859 n^Tridecyl chloride 

3:8055 Triethyicarbinyl chloride 

3:9588 Triethylene glycol mono(chloro- 

acetate) 

3:6655 Triglycol dichloride " 

3:7450 Trimethylacetyl chloride 

3:9338 a,/3,7-TrimethylalIyl chloride 

3:7530 /3,7,7-Trimethylallyl chloride 

3 : 9750 2,4,6-Triinethylbenaoyl chloride 

3:9701 2,3,6-Trimethylbenzyl chloride 

3:9703 2,4,5-Trimethylbenzyl chloride 

3:0373 2,4,6-Trimethylbenzyl chloride 

3:8145 a,a,/3-Trimethyl-n-butyryl 

chloride 

3:7045 Trimethylcarbinyl chloride 

3 : 7165 Trimethylcarbinyl hypochlorite 

3:9418 Trimethylcrotyl chloride 

3:5450 Trimethylene (di) chloride 

3:8385 Trimethylene chlorohydrin 

3:8310 Trimethylene chlorohydrin 

acetate 

3:8030 Trimethylethylene chlorohydrin 

3 : 7975 Trimethylethylene dichloride 

3:9334 Trimethylpropargyl chloride 

3:7335 Trimethyl vinyl chloride 

3:3410 Triphenylchloroinethane 

3:3410 Triphenylmethyl chloride 

3 : 1915 Triphosgene 

3 : 9743 Tri-n-propylcarbinyl chloride 

3:3410 Trityl chloride 

U 

3:9800 n-Undecanoyl chloride 

3:8803 n-Undecyl chloride 

V 

3:7740 n-Valeryl chloride 

3:7010 Vinyl chloride 

3:5005 Vinylidene (di) chloride 

X 

3:8710 o-Xylyl cWoride 

3:8700 m-Xylyl chloride 

3:8660 p-Xylyl chloride 

3:1040 o-Xylylene (di) chloride 

3:0310 m-Xylylene (di)chloride 

3:3835 p-Xylylene (di)chloride 
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